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PRO0 LO0GO0

La presente publicacidn contiene Los trabajos que fueron presentados en la
Primera Conferencia de Expertos Latinoamericanos en Metalurgia de Transforma
ci6n, reaLizada en Buenos Aires entre el 18 y el 23 de agosto de 1964. Organiza-
da por el Departamento de Metalurgia de la Comisi6n Nacional de Energra At6mi-
ca de la RepdbLica Argentina con la colaboracidn del Departamento de Asuntos
Cientificos de la Organizaci6n de Los Estados Americanos, el Instituto Nacional
de TecnoLogra Industrial (INTI) y la U.S. Air Force Office of Scientific Research,
tuvo por objetivo fundamental anaLizar posibilidades de cooperacifn en investiga-
cifn metalcirgica -entre distintas instituciones Latinoamericanas- en funcifn de
una estrategia elaborada a partir del an.Alisis del estado actual de la Metalurgia
de Transformacifn en Los parses m~s avanzados, de los programas en desarrolLo
en Latinoamdrica y de las necesidades propias de cada instituto. Con tal objeto,
la Conferencia cubri6 Los siguientes temas:

a) Exposici6n y a~n~lisis de Los programas actualmente en desarrollo en Los
diversos institutos latinoamericanos, en el campo de la Metalurgia. de
T ransformaci6n.

b) Exposici6n y an~.Lisis del estado actual de ciertas Areas crfticas de ia
Metalurgia de Transformaci6n en los palses m~s avanzados.

c) Posibilidades de una estrategia comtln entre 103 diversos institutos Latino-
americanos para la investigaci6n en ciertas A.reas crfticas de la Metalurgia
de Transformaci6n. Medios de Ilevarla a cabo.

d) Mecanismos de cooperacifn entre Los diversos institutos latinoamericanos
que actdan en Metalurgia de Transformaci6n.

En consecuencia, Los trabajos de esta publicaci6n pueden clasificarse en:

1. Informes sobre Las actividades actuaLmente en desarrollo en Los institutos
latinoamericanos.

2. Informes sobre el estado, actual de diversas Areas de la Metalurgia de Trans
formacifn.I

3. Informes sobre investigaciones originales realizadas en institutos latino-
americanos.
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FOREWORD

This volume contains all the works presented at the First Latin American
Conference on Process Metallurgy and Metal Working, held in Buenos Aires,
during August 18-23, 1964. It was organized by the Department of Metallurgy of
the Argentine Atomic Energy Commission, with the co-sponsorship of the Depart-
ment of Scientific Affairs of the Organization of American States, the Instituto
Nacional de Tecnologla Industrial (INTI) (Argentina), and the United States Air
Force Office of Scientific Research, being its aim to analyze the possibility of
co-operation in the field of metallurgy research -among Latin American Institu-
tions- in order to develop a strategy elaborated from the study of the present
state of Process Metallurgy in developed countries, the programs being held:in
Latin America and the Institutions' own needs. With this purpose the Conference
included the following subjects:

a) Information and analysis of programs presently being developed in Latin
American Institutions in the field of Process Metallurgy and Metal Work-
ing.

b) Information and analysis on the present state of some critical areas of
Process Metallurgy and Metal Working in developed countries.

c) Possibilities of a common strategy among Latin American Institutions to
make research in some critical areas of Process Metallurgy. Means to
achieve this aim.

d) Co-operation mechanisms among Latin American Institutions presently

making research in the field of Process Metallurgy.

Therefore, the works published in this volume can be classified as:

1. Reports about the activities presently being developed in Latin American
Institutions.

2. Reports about the pretsent state of different areas of process Metallurgy
and Metal Working.

3. Reports about original research made in Latin American Institutions.
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IV. -"Plan de Actividades del Departamento de Metalurgia de la Comi-
si6n Nacional de Energra At6mica, Argentina"

-"'Plan of Activities of the Department of Metallurgy of the CNEA"

JORGE A. SABATO
(Departamento de Metalurgia. CNEA, ArgentinaW
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tria Metaldrgica"
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Industry (SATI)"

OSCAR WORTMAN
(Departamento de Metalurgia, CNEA, Argentina)
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-"A Review of the Metallurgical Research Activities in Chile"

DAVID FULLER
(Universidad Cat6lica de Chile)

VII. -"Algunos Comentarios sobre la Metalurgia Ffsica del Hierro y del
Acero"

7"Some Remarks on the Physical Metallurgy of Iron and Steel"
"H. PAXTON
lCarnegie Institute of Technology, USA)

VIII. -"Nuevos Aceros Americanos Ultra Resistentes"
-"New American Ultrahigh-strength Steels"

F. MORRAL
(Batelle Memorial Institute, USA)

IX. - "Racionalizaci6n en el empleo de aceros de construcci6n"
-"'Rationalized U.e of Constructional Steels" -

DIONISIO FARIAS
(Universidad Cat6lica de C6rdoba, Argentina) -

X. -"Materiales Met,.licos Celulares"
-"Cellular Metallic Materials"

S. IfPSON
(Frankford Arsenal, USA)
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XI. -"Criterios de Soldabilidad de Aceros"
-- Steel Weldability Criteria":"

A. COVARRUBIAS, J FAVA. E. AYARZA
(Universidad Cat6lica de Chile)

XII. -"Problemas y Desarrollos en el Procesamiento Primario de Meta
les Refractarios"

-"Problems and Developments in Primary Processing of Refractory

Metals"
T. E. COOPER V. DE PIERRE
(Air Force Materials Laboratory, USA)

XIII. -"Compactaci6n en Frro de Aluminio y sus aleaciones"
-"Cold Compaction of Aluminum and Aluminum Base Alloys"r

J.R.MERHAR. F.J.SEMEL
(U. S. Army Materials Research Agency, USA)

XIV. -"Templabilidad de Aceros de Construcci6n"
-"Hardenability of Constructional Steel"

"DIONISIO FARIAS J
(Universidad Cat6lica de C6rdoba, Argentina) -

XV. - "Fundiciones de Hierro de Alto Contenido de Silicio y Gran Resis-
tencia a la Corrosi6n para Plantas Qufmicas"

'-High-Silicon Iron Castings, of High Corrosion Resistance, for
Chemical Plants"'

G.GUIMA4AES N.SUGIYAMA IFT, S. ± l -

XVI. -"Algunos Problemas Relativos a la Corrosi6n de Metales"

"-"Some Problems Related to the Corrosion of Metals"

S. WOLYNEC I. METZGER
(I. P.T., Sao Paulo, Brasil)

XVII. -"Fabricacidn de Placas Porosas"
-"Fabrication of Porous Plates"

LUIS BOSCHI
(Departamento de Metal urgia, CNEA, Argentina)

XVIII. -"Nueva Teorfa para el Ctlculo de Esfuerzos en los Tratamientos U
Mecfmnicos"

-"A New Theory to Calculate Forces in Metal Forming Operations"
E. ABRIL

(Univ. de C6rdoba e Ind. Kaiser, Argentina) -
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XIX. -"Refinaci6n a Fuego y otras Soluciones para los Problemas Pre-
sentados por la Presencia de Impurezas en Cobre y Latones
A.ta '

-"Fire-Refining Process and other Solutions to Problems Arisen
from Impurities in Y. Cu and Brass"

H. J.DESTAILLATS, E. GERARDUZZI R.A. MORANDO
(Departamento de Metalurgia, CNEA, Argentina) -

XX. -"Determinaci6n de las Propiedades Residuales de Arenas de Mol-
deo"

-.. Determination of Residual Properties of Foundry Sands"

V. LO RE
(I. P.T., Sao Paulo, Brasil)

MI. -"Algunos Aspectos del Trabajado de Metales"
"-"Some Aspects of Metal Forming"

E. THOMSEN
(University of California, USA)

XXII. -"El Programa Coordinado de Trabajado y Procesado de Metales
de las tres Fuerzas Armadas"

-"tTri-Service Coordinated Metal Working and Processing Program"

N. L.REED
(U. S. Army Materials Research Agency, USA)

XXIII. -"Algunos Aspectos Tdcnicos del Programa de Trabajado de Me-
tales, Procesos y Equipos (M. P. E. P.) de los Estados Unidos de
Norte Amdrica"

-"Some Technical Aspects of the United States Metalworking,
Processes and Equipment Program (M. P. E. P.1)"

N. PROMISE L
(U. S. Navy Bureau of Naval Weap-ns. USA)

XXIV. -"Investigaci6n de Materiales en Apoyo de una Tecnologfa Avanzada"
-"Materials Research in Support of Advanced Technology"

S. VALENCIA - P.A.G. CARBONARO
(U. S. Army Materials Research Agency, USA)

XXV. -"Produ cci6n de E le ctrodos Rotativos de Cobre -Cobalto-Silicio"
-"Production of Copper- Cobalt-Silicon Rotating Seam-Welding
Electrodes"

S. DE SOUZA , L. CORREA DA SILVA
(I. P.T., Sao Paulo, Brasil)
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-AA Y . es rnn Aleanion da Cobre de Alta Resistencia al
Abiandamiento y AlIta Conductividad"

-"Fabrication and Pr-operties of a High Resistance to Softening and
High Conductivity Copper Alloy"

D.OBRUTSKY, M.SARRATE, O.WORTMAN
(Departamento de Metalurgia, CNEA, Argentina)

XXV1i. -"'Manufactura de Chapas No-Ferrosas"

-"Non Ferrous Metal Sheet Manufacturing"

F. MORRAL
(Battelle Memorial Institute, USA)

XXVIII. -"'Influencias de las Investigaciones sobre Materiales en la Optimi-
zaci6n de Disefflo"
-"Design Optimization Through Materials Research"

M. STEINBERG
(Lockheed Missiles and Space Co., UJSA)

XXIX. -"Trabajado de Metales con Explosivos"
-"tExplosive Working of Metals"

J. RINE HART
(Colorado School of Mines. USA)

XXX. -"Nuevos Procesos de Manufactura de Metales en los EE. UU. -

Posible tiplicacift en Pafses Latinoamericanos"
-"New Metal Manufacturing Processes in the USA of Possible Ap-
plication in Latin American Counteies"

F. MORRAL
(Battelle. Memorial institute, USA)

XXXI. -"1Colada Contifnua de Aluminio"
-"Continuous Casting of Aluminum"

J. CIARLO, R. MEILLAT
(C. A. M. E.- A.. Argentina)

XXXII. -"Estudio de Ia Colarninaci_6n de metales"l
-"Roll-bonding of Metals"

J. ALMAGRO, G. CUSMINSKY, C. A. MARTINEZ VIDAL
(Departamento de Metalurgia. CNEA, Argentina)

XXXIII -' t lnfluenoia del Efecto de Tankafo y Entallaura en la Resistencia. a
la Fatiga de Elementos Estructurales y de Ml.quinas"

-"The Effect of Size and Shape on the Fatigue Strength of Structural
and Machine Members"

R. KUGUEL
(Ins. Nacional de Tecnologfa Industrial, INTI, Argentina)
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XXXV. -ItEstrategia de la investCigacifn metaldrgica en Latino-Amdricall
-"Strategy of Metallurgical Research on Latin America"

J. SABATO
(Departamento de Metaldrgia, CNEA, Argentina) -

XXXV1. -"O0bjetivos de una colaboraci6n regional en mater! a de inovestigacidn
tecnol6gicall

-"Q0bjectiv,.s of Regional Collaboration on Technological Searching"
J. A. SABATO
(Departamento de Metaltirgia, CNEA, Argentina) -
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DISCURSO PRtON(JNCIADO POR EI, SEIROR PRESIDENTE DE
LA COMISION NACIONAL DE ENERGIA ATOMICA

CONTRA-ALMIRANTE OSCAR QUIHILLALTA EN EL ACTO INAUGURAL
DE LACONFERENCIA DE EXPERTOS LATINOAMERICANOS

EN METALURGIA DE TRANSFORMACION

Sefioros:

Me es particularmente grato dar a todos ustedes la maIs cordial bienvenida
a esta casa, que se honra con vuestra presencia.

En especial quiero destacar y agradecer la conc~urrencia de los seffores
Delegados Extranjeros y desearles, en nombre de la Tnstituci6n que presido e in-
terpretando el sentimiento nacional, la mds grata estada entre nosotros.

Esta Conferencia, quo se inicia bajo Los mejores auspicios, es una. expre-
si6n mds de la permanento prcocupacidn de la. Comisi6n Nacional de Energifi At6-
mica de la. Argentina, por Los problemas de la investigaci6n rnetaldrgica tan Tnti-
rnatnente ligados a la producci6ri y utilizaci6n de la Energfa At6micaval desarrollo
do la industria moderna y a la economfl de Los parses en desarrollo.

La Conferencia de Expertos Latinoamericanos en. Metalurgia de Transfor-
macidn que cornienza hoy sus tareas, constituird sin duda, por el concurso de tan
eminentes ospecialistas extranjoros y argentinos como los acd reunidos, y por la.
trascendencia do Los tomas a debatir, una. ccntribuci6n importante para el progre
so de esta moderna. ciencia.

Y pienso quo, aparte de Los adeLantos quo dejara en el terreno especifico do
la teenologfa metaLdrgica, servird para afianzar y proyectar hacia el futuro Los be-
neficios de una mayor comprensifn y de una mds tntima comunicaci6n entre Los horn
bres que tienen la alta responsabi lidad do orientar la marcha de esta nueva y apasio
nanto rama del saber humano.

Tal resultado es el mejor halago a que Argentina, como sede de la. Conte-
rencia, y la Comisifn Nacional de Energfa At6mica, com o organizadora, pueden
a spi rar.

Dcseo muy especiaLmente dejar expresado nuestro agradocimiento a Las
instituciones co-patrocmnantes: La Organizacidn de Estados Americanos, la Ofi-
cina de Invcstigaci6n Cientiffica do la Fuerza Addrea de los Estados Unidos do Am6
rica, ]a Ford Foundation y ci In~iituto Nacional do Tecnologfa Industrial de nues-
tro pars, quienos mediante su cooperaci6n, han hecho posible esta reuni6n.

Sefiorcs: formulo mi s mojores votos por el dxito de vuestra s deliberaciunes.
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DISCURSO PRONUNCJADO POR EL SEIROR GEPENTE DE TECNOLOGIA
DE LA COMMSON NACIONAL DE ENERGIA ATOAUCA, PROF. JORGE SABAT4?,

EN EL ACTO INAUGURAL DE LA CONFERENCIA DE
EXPERTOS LATINOAMERICANOS EN METAkLURGIA DE TRANSFORMACION

Sefloras y Seflores:

En enero de 1963 se efectud eni Bogot*4 (Colombia) la Primera ReuniOn de
Expertos Latinoamericanos en lnvestigacifn Teenol6gica. Convocada por la Orga.
nlzacidn de Estados Americanos a traves de su Unidad de Tecnologft y Productivi
dad y con la direccjCfu entusiasta y eficiente del Dr. Mdadmo Halty Carrere, esa
reunidn se propulso:

1. Ampliar el conocimiento, nutuo sobre Los trabajos de investigacidn
de las instituciones representadas y apreciar Las caracterfsticas y
volumen de sus actividades;

2. Encontrar Los medios para que a traves de una amplia cooperacidn
se implemente y baga mnds efectiva la capacidad de investigacidn
tecnoldglca en America, Latina;

3. Revisar las diversas dreas de investigaci6n en tdrminos del des-
arrollo econdxnico y social de los pafses latixicamericanos;

4. Estudiar Las relaciones existentes con las instituciones internacio-
nales de asistencia tecnica y proponer mecanismos mds dgiles de
cooperacidn;

5. Considerar Las posibiLidades de establecer sistemas prdcticos de
complernentacidn entre instituciones de bitercambio de investiga-
dores y en general de cualquier otro medio que pudiera reforzar la
operacidn y a-lcance da sus objetivos.

La Conferencia que hoy inauguramos es consecuencia directa de la Reunidn
de BogotA. Eiefebto~an ellase resolvi6 que era conveniente, la realizaci~n de confe
rencias reglonales para el anglisis de dIreas definidas: Teenologfa de ALimentos '
M~ateriales de Construcci~i, Maderas,. Metalurgia, Extractiva, Me talurgia de Trans
forniacidn, etc. El Departaniento, de Metalurgia de la ComisiOn Nacional de Ener:-
gfra At~milca fue designado coordinador para la, organizatifn de la conferencia co-
rrespondiente, al Area Witalurgia de TransformaclOn. Estamos pues, ahora, dando
cuxnplnilento, a esa resolucidn de BogotA. Y naturalmente esta Coaierencia respon
de a Las xnisnias inquietudes de aquella y se propane ldenticos objetivos, pero ahora
en relacidn directa con un campo especifico:.
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Conocernos mejor y definir con precisi6n el punto de partida:

Ello se lograrAt a travds de una exposicidn y an~lisis de Los progra-
mas actualmente en desarrollo en Los diversos institutos latinoamericanos
que operan en el canipo de la metalurgia de transf ormaci6ri;

2. Evaluar nuestras posibilidades de. investigaci6n original en rela-.
ci6n con Ins niveles mds avanzados de la discipLina:

Ello se lograrA a traves del andlisis de Los informes especiales quo,
sobre el estado actual de ciertas Areas crfticas de la MetaLurgia, de Trans-
formacidn, presentar~.n nuestros colegas de Estados Unidos;

3. Evaluar Las posibilidades de establecer prioridades en fu~nci6n de
Las necesidades v osibiLidades nacionales:

Ello se lograrl medianto el andlisis del inipacto, de la investlgaci6n
metaldrgica en la economfa do Los parses en desarrollo;

4. Establecer mecanismos de acci6n:

Ello se lograrl mediante el estudjo de Los medioE para establecer e
implementar la cooperacifn y colaboraci6n latinoamericana en MetaLurgia
de Transf or macifn.

Pero si bien es cierto que, pragmdticamente, esta Conferencia es conse-
*2uenc--a directa de aquella reuni6n de BogotA, filos6ficamente es otra expresift mds
tie! rvie!vo espfritu latinoamerw;1nq. de esta "ocacidn de integracifn regional quo tie-
ne su maniffestacifn rn~s concreta en el ALAIJC. La Metalurgia de Transformaci6n
of rec~e un nnagnffico campo de accifn pa-ra traducir en forma concreta. esa elevada
v. -caioie-r. Por una parte, porque la necesidad de establecer y desarrollar la indus
tr i~i me .,An-ico-metaldrgw(a es una de Las preocupaciones cardinales de todo plan de
desar-rollo nacional o regional: Los flhdices que miden el estado de la industria me-
tal~rizici de un pars son los mejores indicadores de su grado de desarrollo integral.
Pn, -tr-t parte, porque ]a Metalurgia de Transforynacifn como disciplina cientifico-
L.-(riolilgica estA en profunda revoLuci-6n:. gracia-s a la investigaci6n, nuestro conoci-
TnIernto de lo!ý metales adn do los mas domL'sticos como el hierro, el colbre y e z inc ,
ha a--rmentadil mnfs en Los ditimos 20 aftos que en el resto, de la historia do )a humarni-
da~d; ese nuevo conocimiento se traduce ya en nuevas tecnolog!las. Nuestros pafse.-
!i trwn.f cntonces la chance no sOlo de incorporar esas nuevas tecnologfas sino, a tra
v'~s de la investigavier, original, de c-rear ofras allli mds inodernas y eficientes.

Porqiue este es un proceso dim~mico en el que recidn se comienzan a recorrer Las
orimerp.ý- etapas y que ofrece entonces, para quienes tengan la vocacidn de grande
-;,;v I.-. h.fr-mosi oportunidad de ser actores del mismo, y no meros espectadores.
L)., a.hf 'tntonces la urgencia de qucrer establecer una estrategia y disefiar Los me
canm smos do su implementacifn.



Nuestros objetivos son, sin duda, ambiciosos, pero en el drama de los
pafses perifericos nio cabe otra actitud, como se demostrara acabadamente en la
reciente - - ferencia econ6mica de Ginebra, donde la declaraci6n latinoamerica-
na de Alta Gracia fud la verdadera gufli ideol6glca de un mundo que quiere termi
nar para siempre con la nilserla, la ignorancla, la opresi6n.

Y conquistaremos tan ambiciosor, objetivos en la inedida que tengainos
clara conciencla de que disponeznos del arma fundamental. En las palabras de
nuestro Martfli Fierro:

Para vencer un peligro,
Salvar de cualquier abismo,
Por exqperiencia lo afirmo-
M~s que el sable y que la lanza,
Suele servir la confianza
Quo el hombre tiene en sf mismo.
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PROGIAMA TECNICO - TECHNICAL PAPERS

I.
E.R. PARKER
(University of California, USA)

"Desarrollos Recientes en Materiales y Procesos"

Los procesos tratados en este trabajo son fundicidn y uni6n por soldadura
o adhes.vos. Los metodos nuevos de soldadura discutidos son por haz electr6nico,
por fricci6n, por ultrasonido, por explosivos y por LASER.

El creciente uso de resinas en uniones metglicas, especialmente resinas
epoxflicas, sus ventajas y limitaciones es discutido a continuacidn. Se hace notar
la falta de desarrollos .mportantes en los procesos de fundici6n, haciendose una
descripci6n somera del uso combinado de fundici6n y forJado y de la adici6n de
ferrosilicio a los moldes para hierro _odular para aumentar la grafitizaci6n en
secciones delgadas. En lo concerniente a nueos materiales el enfasis fud puesto
eL aceros e3tructurales de alta resistencia, en aceros tipo "ausforming" y
"maraging", en aleaciones de titanio de alta resistencia, en estructuras compues
tas de vidrio y resina y en vidrios tratados qufmica y termicamente.

I.

E.R. PARKER
(Univergiq,-of Uahforia,-XUBA)e.

"Some Recent Developments in Engineering Materiajs and Processes"

The processes covered in this paper are casting and joining by welding and
by adhesives. The new welding methods discussed are electron beam, friction,
ultrasonic, explosive and laser welding.

The increasing use of resins, specially epoxy resins, and their advantages
and limitations is discussed next. Th( lack of important developments in the field
of casting processes is pointed out while a brief mention is made of the combined
use of casting and die forging and of the addition of powdered ferrosilicon to molds
for nodular cast iron to increase graphitization in thin sections. In the area of
new materials the atention was focused on high strength structural steels, ausform-
ing and maraging steels, high strength titanium alloys, composite glass-resin
structures and chemically and thermally treated glasses.
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ALFONSO GAGGERO y BLAS MELISSARI
(Universidad del Uruguay)

"Desarrollo y Plan de Actividades del Laboratorio de Fundicidn del
Instituto de Tecnologra y Qufmica de la Facultad de Ingenieria y Agri-
mensura de la Universidad de la Repdblica Oriental del Uruguay".

En primer lugar se analiza el estado de la industria de fundici6n en el Uru
guay. Se concluye que la falta de asistencia tecnica adecuada crea muchos incon-
venientes que se podrfan evitar centralizando todos los esfuerzos en el Laboratorio
de Fundici6n. El gobierno de la Alemania Federal ha ayudado a desarrollar dichos
laboratorios proporcionando equipos y expertos. Las actividades presentes estdn
dedicadas al control de calidad de aren.s. de moldeo, a adaptar nuevos mdtodos a
las condiciDnes locales, a entrenamiento de personal, etc.

II.
ALFONSO GAGGERO and BLAS MELISSARI
(School of Engineering, University of Uruguay)

"Development and Plan of Activities of the Casting Laboratory at the
Metals Department of the Chemistry and Technology Institute of the
School of Engineering of the University of Uruguay".

The present status of the casting industries in Uruguay are analyzed first.
It is concluded that the lack of adequate technical assistance creates many incon-
venients which could be avoided by centralizing all efforts at the Casting Labor-
atories. The German Government has helped to developed those Laboratories by
furnishing equipment and experts. Present activities are now carried out in the
fields of molding sands quality control, adapting new methods to local conditions
training of personnel, etc.

****

II'.

LUI.2 CORREA DA SILVA
(I. P. T., San Pablo, Brasil)

"El Instituto de Investigaciones Tecnol6gicas de San Pablo y sus Contri-
buciones al Desarrollo de la Metalirgia en el Brasil".

Este trabajo describe, y justifica, los mdtodos de accidn, los recursos
empleados y las actividades pasadas del I. P. T. de San Pablo, Brasil, y especial' mente su Divisi6n de Metalurgia, en su caracter de instituci6n mantenida por el
Estado de San Pablo para promover y asistir t~cnicamente la industria brasilera.
Analiza el tipo de ayuda que el I. P. T. presta y seguird prestando a diferentes gru
pos industriales por medio de ensayos, andlisis, estudios especiales, investigaci6n,
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asistencia tdcnica. produccidn piloto. distribucidn de informacidn. enseflanza. etc.
Finalmente se discute el papel que instituciones de este tipo pueden jugar en pafses
en vra de desarrollo.

III.
LUIZ CORREA DA SILVA
(Technological Research Institute, I. P. T., Brazil)

"The Technological Research Institute of Sao Paulo and its Contributions
to the Development of Metallurgy in Brazil".

This paper describes, and justifies, the methods of action, the resources
employed and the past activities of the IPT of Sao Paulo, Brazil, and specially its
Division of Metallurgy, as an institution supported by the State of Sao Paulo to
promote and assist technically the Brazilian Industry. It analyzes the kind of help
that the IPT lends and will lend to the different groups of industries through testing,
analyses, special studies, research, technical assistance, pilot plant production,
dissemination of information, teaching, etc. Finally the role of institutes of this
kind in developing countries is discussed.

IV.
JORGE A. SABATO
(Departamento de Metalurgia, CNEA, Argentina)

"Plan de Actividades del Departamento de Metalurgia de la Comi Aidn
Nacional de Energih At6mica, Argentina"

Los laboratories del Dnpartamento de Metalurgia tienen tres funciones que
cumplir: asistir a la CNEA en todos los problemas metaldrgicos relacionados con
los proyectos atdmicos de la Repdlblica Argentina, llevar a cabo inv- "gaciones pu
ras y aplicadas en metalurgia nuclear, con algunos esfuerzos dedicados a metalui-
gia general ffsica, mecgnica, qufmica, de proceso, etc., y ayudar a la industria me
taldrgica del pars a solucionar sus problemas. Estas funciones se cumplen par me-
die de Laboratories, plantas pilotos y bibliotecas muy bien equipados, dictando cur-
sos en todos los niveles -de tdcnico a post-doctoral-, y a travds del SATI que se des
cribe en el prdximo trabajo.

IV.
JORGE A. SABATO

(Department of Metallurgy, CNEA, Argentina)
"Plan of Activities of the Department of Metallurgy of the CNEA"

The laboratories of the Department of Metallurgy have three main functions
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to fulfill: to assist the CNEA in all metallurgical problems related to the atomic
projects of the Country. to do pure and applied research in nuclear metallurgy
-with some efforts devoted to general physical, chemical, mechanical and process
metallurgy- and to assist the Argentine Metallurgical industry, in the solution of
their problems. This is accomplished by means of well equipped laboratories,
pilot plants and libraries, by offering courses at all levels -technicians to post-
doctoral- and through the SATI (discussed in the next paper).

V.
OSCAR WORTMAN
(Departamento de Metalurgia, CNEA, Argentina)

"Plan de Actividades del Servibio de Asistencia Tecnica a la Industria
Metaldrgica"

El SATI fud creado por un acuerdo entre la CNEA y la As-ciacifn de In-
dutriales Metaldrgicos para actuar como vfnculo entre el Departamento de Meta
lurgia y la industria metaldrgica. Debe cumplir dos propdsitos: dar a los cientr
ficos e ingenieros de. Departamento una oportunidad para enterarse de las posibi
lidades y necesidades de la industria y para que esta tenga la oportunidad de bus-
car las soluciones mos modernas a sus problemas tecnicos.

Los servicios ofrecidus por el SATI van desde simples investigaciones bi
bliograficas hasta programas de largo alcance pdra el desarrollo de materiales o
procesos. Aquellos problemas que pueden ser resueltos por ensayos rutinarios
en otros laboratorios del pats no son aceptados. Se fija un arancel de acuerdo a
servicios prestados.

V.
OSCAR WORTMAN
(Department ot Metallurgy, CNEA, Argentina)

"Plan of Activities of the Service of Technical Assistance to Industry
(SATI)"

The SATI was created by agreement between the CNEA and the Metallurgical
Industries Associativn to act as a link between the Department of Metallurgy and the
meta' kirgical industries. It must serve two purposes: to give the scientists and

ng- n-z=rs of the laboratories an opportunity to acquaint themselves with the pos-

sibilities and needs of the industry, and to give the latter an opportunity to search

for up to date solutions to its technical problems.

".-- - - ...........
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DAVID FULLER
(Univer sidad Cat6lica de Chile)

"?Breve Resefia de la Investigacion Metaldrglca en Chile"t

La investigacidn metaldrgica en Chile se Ileva a cabo, exciusivamente en lap,
universidades; especialmente en Las de Concepcidn, la de Chile y la Catdlica. Los
temas sobre los que la mayor parte de Las investigaciones se realizan son: arenas
de moldeo, fundicion con cubilote, soldadura de aceros estructurales, recuperaci6n
de hierro de Los sulfuros de hierro (un abundante desperdicio de la industria proce-
sadora de cobre) y ffsica de Los metales.

Vi.
DAVID FULLER
(Catholic University oi Chile)

"A Review of the Metallurgical Research Activities in Chile"

The metallurgical research in Chile is done exclusively 'j Universities,
speci~dly the University of Concepcidn, the Catholic University of Chile and the
University of Chile (the last two in Santiago). The areas where most of the research
is being done are: moLding sands and metal physics, cupola iron casting, structural
steel welding, and iron recovery from iron sulphides (an abundant waste product
from the copper processing industries).

VII.
H. PAXTON
(Carnegie Institute of Technology, USA)

"Algunos Comentarios sobre la Metalurgia Ffsica del Hierro y del Acero"

En primer lugar se hace un resumen de la termodindmica de Los sistemas
basados en el hierro ya. que, aunque la mayorfa de Las estructuras con propieda-
des de interds estdn marcadamente fuera de equilibrio, es necesario conocer Las
situaciones de equilibrio para entender mejor aquellas que no to son. En lo posi
ble se ha empleado un mdtodo atomfatico. Este resumen es seguido de un estudio
de la cindtica de crecimiento -controlada por nucleaci6n y difusi6n- de fases que
impliquen la formaci6n y transformlacidn de austenita en ace-ros. A continuacidn
se analizan Las tres fases principales en aceros: austenita, ferrita y martensita;
se dan ejemplos flustrativos de algux~ss de sus propiedades. Los agregados de fa
ses tales como perlita y bainita, y los productos de la descomposicifn eut~ctoideaI
han sido dejados de lado no porque su importancia sea poca, sino para mantener
la presentacidn dentro de una longitud razonable. Finalmente se hacen sugeren-
cias sobre posibles temas de investigaci~n.
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H. PAXTON
(Carncgic Ln-st'itfute ofL Technology, USA)%

"Some Remarks on the Physical Metallurgy of Iron and Steel"

First, a review of the thermodynamics of iron-base systems is presented
since, although most structures with desirable properties are very markedly not
in equilibrium, the equilibrium situations involved must be known in order to have
confidence in the previous knowledge. To the extent possible, an atomistic ap-
proach has been utilized. This review is followed by a study of the nucleation and
diffusion controlled growth kinetics of phaseb in steels involving austenite formation
and transformation. Next the three major phases in steels, austenite, ferrite aad
martensite are analyzed and illustrative examples of various properties are given.
The aggregate phases such as pearlite and bainite, and the products of eutectoid
decomposition have been neglected not because their importance is slight, but to
maintain the paper to a reasonable length. Finally some suggestions are made as
to interesting areas of research which may also be profitable.

V* ***

VITT.

F. MORRAL
(Batelle Memorial Institute, USA)

"Nuevos Aceros Americanos Ultra Resistentes"

El desarrollo de aceros ultra resistentes estA justifi.cado por varias razo-
nes. de disefio, metaldrgicas, y econ6micas. En el disefio de partes para aviones
y cohetes se necesitan grandes relaciones resistencia:densidad; en la tierra se
pueden bajar costos con reduccioues de peso; bajo el agua, se necesitan aceros
submarinos para resistir mayores presiones a grandes profundidades. El lfmite
de resistencia es la fuerza de cohesion entre los Atomos de hierro: 2. 800 kg/mm2.

Hasta ahora las investigaciones en este campo han inclufdo
1. Balanceado de la composici6n qufmica con adecuado tratamiento tdr

mico (aceros maraging)
2. Uso de secuencias adecuadas de tratamiento tdrmico y trabajado me

canico (aceros ausforming)
3. Posibles combinaciones de los metodos 1 y 2.
Las propiedades de los aceros del tipo 1 y 2 son dadas en forma tabular,

VIII.
F. MORRAL

"New American Ultrahigh-strength Steels"

There are several reasons-design, metallurgical and economic- for the
development of ultra-high-strength steels. In the design #f parts for, airplane and

-77-'~
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rockets, high-strength / density ratios are needed; on earth, low cost steels by
weight re .ction; and under water, s,,bmarine steels to resist higher pressures
at higher depths. The limit of strength is the binding force between iron atoms:
2.800 Kg/mm2.

Research so far has included:
1. Balancing the chemical composition, which will require suitable

heat treatment (maraging).
2. Using suitable work-heat treatment sequences (ausforming).
3. Possible combinations of the above. The properties of steel of the

first two types are given.

IX.
DIONISIO. FARLAS
(Universidad Cat6lica de C6rdoba, Argentina)

"Racionalizaci~n en el empleo de aceros de construcci6n"

En forma cientffica se analiza el problema del desarrollo de la industria
siderdrgica en America Latina. Se da dnfasis a la necesidad de importar aceros
especiaies en los pr6ximos afios y a la conveniencia de normalizar aquellos que
satisfacen los requerimientos de las industrias del pars. Se hacen notar las ven
tajas econ6micas derivadas de una correcta normalizacifn.

Tambien se discute el papel que les corresponde a las universidades e ins
titutos de investigaci6n en el entrenamiento de personal de todas las categorfas.

IX.
DIONISIO FARIAS
(Catholic University of C6rdoba, Argentina)

"Rationalized Use of Constructional Steels"

The problem of the development of the steel industry in Latin American
countries is synthecidaLy'; analyzed. Emphasis is placed in the need to import
special steels in the next years and in the necessity of standardizing those which
satisfy the requirements of the industries of the country. The economic advantages
derived from a correct standardization are pointed out.

The role to be played by Universities and research institates in training
personnel at all levels is discussed.
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X.
S. LIPSON
(Frankford Arsenal, USA)

"Matc.iaies Metglicos Celulares"

En primer lugar se discute un mdtodo para la producci6n de metales celu-
lares. El proceso consiste en preparar un molde refvactario, Ilenado con granos
soiubles de granulomnetrfa correspondiente al tamafio y forma de poros deseados
e infiltrar el agregado soluble con el metal ifquido. Despuds de lavar con un sol-
vente adecuado el metal tiene una estructura de celulas huecas interconectadas que
corresponden a las formas y tamafios del agregado soluble. La densidad aparente
del cuerpo metdlico puede ser controlada entre un mdximo de aproximadamente un
tercio de la densidad base y un rnfhimo del orden d& un quinto de la densidad base.
Se presentan datos sobre las propiedades ffsicas y mecdnicas de los materiaieso
Se demuestra tambidn la posibilidad de altbrar la geometrMa celular extruyendo
lingotes fundidos. Se hace una revista de !as aplicaciones potenciales de estos ma
teriales.

X.
S. LIPSON
(Frankford Arsenal, USA)

"Cellular Metallic Materials"

A p'ocess for the production of cellular metals is described. The process
consists of preparing a refractory mold, filling the mold with soluble granules
which correspond to the size and shape of the pores desired in the metal, and
infiltrating the metal into this soluble aggregate. After leaching with a suitable
solvent, the metal has a void structure of interconnecting cells which correspond
to the shape and size of the soluble aggregate. The apparent density of the metal
body can be controlled from a maximum of approximately one-third of its base
density to some lower density in the order of one-fifth the ba'se density. Data are
presented on mechanical and physical properties of the materials. The possibility
for altering the cell geometry by extrusion of cast cellular billets is demonstrated
Potential applications for material of this type are reviewed.

XI.
A. COVARRUBIAS, J. FAVA y E. AYARZA
(Universidad Cat6lica de Chile '

"Criterios de Soldabilidad de Aceros"

La soldabilidad de un acero se deriva de su capwidad para resistir el ciclc
termico sin pdrdidas apreciables de sus propiedades mecAnicas. Los defectos mfts
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comunmente introducidos por soldadura se pueden clasificar en cuatro grupos: ra
yaduras debajo del cord6n, fragilidad de la zona afectada por el calor, rajadura
del cord6n y porosidad. A continuacifn se analizan Los ensayos mils comunmente
utilizados para evaluar c6mo dichos defectos afectan !As soldaduras en aceros.
Finalmente se presentan Los resultados encontrados en estudios realizador con
aceros del tipo A-212, grado B, para tanques a presi~n.

XI.
A. COVARRUBIAS, J. FAVA and E. AYAR ZA
(Catholic University of Chile)

"tSteel Weldability Criteria"?

The weldability of a steel derives from its ability to withstand the welding
thermal cycle, without appreciable loss in mechanical properties. The common
defects introduced by welding are classified hi four groups- cracks under the seam,
brittleness of the heat-affected zone, cracking of the seam and porosity. The dif-
ferent known tests to evaluate steel weldments as affected by those defects are
analyzed next. Finally, thp results of the experiments made with pressure vessel
steel type A-212, grade B, are presented.

XII.
T. E. COOPER, V. DE PIERRE
(Air Force Materials laboratory, USA)

"Problemas y Desarrollos en el Procesamiento Primario de
Metales Refractarios"

Luego de un resilmen del estado actual de la tecnologfa de Los metales re-
fractarios este trabajo presenta algunos de los resultados mils importantes obterni
dos en el fu-ndido y extrusi6n primaria de metales refractarios en el lAboratbrlo
de Procesado Experimental de Metales; del Laboratorio de Metales de la Fuerza
Adrea de Los EE. UU. El prop6sito es indicar el progreso realizado como asf tamn
bien sugerir la aplicaci6n general de Los resultadcs al procesarniento metaldrgico
de otros materiales. De todos Los factores que controlan la calidad del Aingote sd
lo se consideran aquellas variables que afectan el tamaiio de grano y la rajadura,
del lingote. Una tecnica nueva muy dtil ha. sido desarrollada para medir Las car-
gas sobre matrices de extrusidn. Con ella se pueden de terin-in-it Las condiclones
6ptimas de extrusion y se nuteden predecir cuales serdn LAs condiciones adecuadas
de extrusion para una aleaci 6n de la que se conocen propiedades meednicas perti-
nentes.
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XII.
T. E. COOPER and V. DE PIERRE
(Air Force Materials Laboratory, USA)

"Problems and Developments in Primary Processing of Refractory
Metals"

After a brief review of the status of the refractory metal technology the
paper presents several of the more important accomplishments of the Experimental
Metals Processing Lab of the A. F. M. L., in the melting and primary extrusion of
refractory metals. The purpose is to indicate the progress that has been made in
primary processing and also to stimulate thought as to the general application of the
results to the metallurgical processing of other materials. Of all the factors con-
trolling ingot quality only those variables affecting grain size and the problem of
ingot cracking are considered. A new and extremely useful technique has been
developed to measure die loads during extrusion. With it, optimum conditions for
extrusion can be determined and predictions can be made as to the proper extrusion
conditions for an alloy, from appropiate mechanical property data.

XII!.

J. R. MERHAR y F.J. SEMEL
(U.S. Army Materials Research Agency, USA)

"Compactaci6n en Frfo de Aluminio y sus aleaciones"

El objetivo de la investigaciCn descrita en este ,rabajo fue desarrollar tdc-
nicas para mejorar las propiedades mec~nicas, espec'almente ductilidad, de pDizas
hechas de polvos de aluminio y de sus aleaciones fabricadas por mýtodos convencio
naies por compactaci6n en frfo y sinterizado, de manera que dichas tecnicas puedan
ser aplic-das a procesos de producci6n industrial. Se presentan resultados satis-
factorios obtenidos con polvos de aluminio del t±)o 1100. En cambio con aleaciones
s6lo se reproducen los resultados obtenidos con Al. 1100 si se usa una mezcla de
pol,-os elementales en vez de polvos prealeados.

XIII.
J.R. MERHAR and F.J. SEMEL
(U. S. Army Materials Research Agency, USA)

"Cold Compaction of Aluminum and Aluminum Base Alloys"

The objective of the research described in this paper was to develop tech-
niques to improve the mechanical properties, especially ductility, of aluminum and
aluminum base prealloyed powder compacts, fabricated by conventional cold com-
paction and sintering operations which can be made applicable to a production pro-
cess. The satisfactory results of experiments made with 1100 aluminum powders
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are presented. For alumnum base alloys the compaction characteristics oi 1100
powders are reproduced when a mixture of elemental powders is used instead of
prealloyed powders.

V.
DIONISIO FARIAS
(Universidad Catdlica de C6rdoba, Argentina)

"Templabilidad de Aceros de Construccln"

Este trabajo presenta los resultados de una serie de experimentos llevados
a cabo con el prop6sito de determinar los pararmetros de templabilidad de los ace-
ros aleados mds usados en la Argentina.

Se intentan establecer las bases tdcnicas y cientfficas de la determinaci~n e
interpretaci6n de templabilidad y ditmetro crftico ccn el fin de ayudar a los usua-
rios en la selecci6n de los acerors ma.s adecuados y en su manipulaci6n durante los
diferentes procesos tecnol6gicos a que son sometidos. Las curvas Jominy fueron
determinadas con especfmenes templados y templados y revenidos a diferentes tern
peraturas. Los resultados fueron comparados con los obtenidos usando el calcula-
dor de aceros de Calvo Rod6s.

XIV.
DIONISIO FARIAS
(Catholic University of C6rdoba, Argentina)

"Hardenability of Constructional Steel"

This work is the summary of a series of experiments performed with the
purpose of determining the hardenability parameters of alloy steels most commonly
used in Argentina.

An attempt is made to lay down the technical and scientific bases of harden-
ability and critical fiameter determinations and interpretations, in order to help the
users in the selection of the most adequate steels, and in their handling during the
different technological processes. Jominy curves were determined for specimens
quenched and quenched and tempered at different temperatures. The results were
compared with those obtained using the Steel Calculator by Calvo Rodds.
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XV.

Gi. GUIMIARAES, N. SULIYxA-.M-
(I. P. T., San Pablo, Brasil)

"Fundiciones de Hierro de Alto Contenido de Silicio y Gran Resistencia a
la Corrosi6n para Plantas Qufmicas"

En primer lugar se dan ia composici6n qufmica, las propiedades ffsicas y
mecdnicas, y las caracterfsticas de resistencia a la corrosi6n del hierro fundido
con alto contenido de silicio. A continuaci6n se describen los experimentos lleva
dos a cabo en el IPT. Los estudios se concentraron en el desarrollo de tecnicas
correctas de fundiciOn, desg'• sificaci6n del metal y tratamiento tdrmico de la fun
dici6n para reducir los efecto. de tensiones residuales.

Xv.
G. GUIMARAES and 'T. SUGIYAMA
(I. P. T., Sao Paulo, Brazil)

"High-Silicon Iron Castings, of High Corrosion Resistance, for
Chemical Plants"

Chemical composition, mechanical and physical properties and corrosion
resistance characteristics of high-silicon cast iron are sumarized first. The ex-
periments carried out at the 1PT are described next. Studies were concentrated
on developing sound casting techniques, degassing of the metal and heat treatment
of the castings to minimize the effects of residual stresses.

XVI.
S. WOLYNEC e I. MET ZGER
(I. P. T., Brasil)

"Algunos Problemas Relativos a la Corrosi6n de Metales"

Se describen algunos casos estudiados en el IPT. Las descripciones estan
precedidas de un anAlisis te6rico de los mecanismos de corrosi6n correspondientes
a cada caso. Los casos estudiados implicaban los siguientes mecanismos: corrien
tes "stray" de carlos enterrados, corrosi6n bajo tensi6n en refuerzos de hormig6n,
"crevice corrosion" de chapas de acero inoxidable y corrosi6n intergranular debida
a 1a precipitaci6n de carburos en tubos de acero inoxidable.

XVI.
S. WOLYNEC and I. METZGER
(I.P.T., Brazil)

"Some Problems Related to the Corrosion of Metals"
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Some cases studied at the IPT are described. The descriptions are pre-
#,Pdp~d hu a thpnrptica1 anta1ua4s of +h V ,4clfiho,%*a _f ^_ 0 4%ALL UALV ..VA "A%&S

roIo of -.- _h &crrsio of conrt renoreens
case. The cases studied involved the following mechanisms: stray current cor-
rosion of underground piping, stress corrosion of concrete reinforcements,

crevice corrosion of stainless steel sheets and intergranular corrosion due to
carbide precipitation in stainless steel tubing.

XVII.
LUIS BOSCHI
(Departamento de Metalurgia, CNEA, Argentina)

"Fabricaci6n de Placas Porosas"

Este trabajo describe la fabricacidn de placas filtrantes porosas hechas

por sinterizado umzecto de polvos de bronce, sin compactacifn previa. Las pro

piedades mrs importantes de los filtros son expuestas: capacidad filtrante, pre
sidn de rotura y microestructura. Tambidn se describe una atm~sfera reducto-
ra producida burbujeando gas natural en metanol. Los mdtodos usados en este
trabajo son facilmente adaptables a operaciones industriales.

XVII.
LUIS BOSCHI
(Department of Metallurgy, CNEA, Argentina)

"Fabrication of Porous Plates"

This paper describes the fabrication of filtering porous plates made by

direct sintering of bronze powders, without previous pressing. The most im-
portant properties of the filters are reported: filtering capacity, bursting pres-
sure and microstructure. A reducing atmosphere produced by bubbling natural
gas through methanol is also described. The methods used in this work are
easily adapted to industrial operations.

XVIII.
E. ABRIL
(lniversidad de C6rdoba e Industrias Kaiser, Argentina)

"Nueva Teorfa para el Cdlculo de Esfuerzos en los Tratamientos
Mecgnicos"

Este trabajo presenta una nueva teorfa para el cdlculo de fuerzas y poten-

cias requeridas en operaciones de formado de metales. La teorfa se basa en ar-
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gumentos termodindmicos suponiendo que el trabajo realizado entre el estado ini-
cial y el final depende solamente de esos estados salvo que se realice trabajo re-
du'dante. E'st as def-'^-' co. o cuaquier tra-bajo sobre ei znfino necesariv pa
ra conseguir un cambio de forma dado, p. e. : trabajo de fricci6n. La teorra se
usa para calcular la-fuerza de estirado en operaciones de trefilado de alambre.
Los experimentos realizados para verificar la validez de dichos ctlculos han dado
resultados que indicar1kn que los mismos serfan mds aproximados a las fuerzas
medidas experimentalmente que aqudlias calculadas con f6rmulas propuestas con
anterioridad.

XVIII.
E. ABRIL
(University of C6rdoba and Kaiser Industries, Arg.)

"A new theory to calculate Forces in Metal Forming Operations"

This paper presents a new theory for the calculation of forces involved and
power required in metal forming operations. The theory is based on thermodyna-
mic arguments assuming that the work spent between initial and final state depends
only on those states unless redundant work is performed. The latter is defined as
any work over the minimum necessary to achieve a given change of shape: e. g..
friction work. The theory is used to calculate the pulling forces in wire drawing
operations. Experiments to check the validity of those calculations have yielded
results which would indicate that the calculated forces are in better agreement
with the measured forces than those calculated with previously proposed formulas.

XIX.
H. J. DESTAILLATS, E. GERARDU ZZI, y R. A. MORANDO
(Depa, tamento de Metalurgia, CNEA, Argentina)

"Refinaci6n a Fuego y otras Soluciones para los Problemas Presentados
por la Presencia de Impurezas en Cobre y Latones ALFA"

Se describe una instalaci6n de mediana capacidad para refinar a fuego co-
bre, y el empleo de cloro gaseoso conjuntamente con el cl~sico m~todo de oxida-
ci6n para eliminar impurezas. Se propone y se describern los ensayos realizados
con agentes gaseosos para reducir el cobre oxidado y las ventajas que su uso su-
pone en instalaciones pequefias. Se detallan tambi~n los efectos del agregado de
U en latones alfa conteniendo Pb como intento de neutralizar los efectos perjudi-
ciales del mismo en el trabajado en caliente.

XIX.
H. J. DESTAILLATS, E. GERARDU ZZI, and R. A. MORAkNDO
(Department of Metallurgy, CNEA, Argentina)
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"Fire-Refining Process and other Solutions to Problems Arisen from

Impurities ino( Cu and Brass"

An assembly of medium capacity is described for fire-refining of Cu. It is
proposed theuse:of .chlbrfnetgas in conjuction with the common oxidizing method in
order to eliminate impurities. Experimental tests are described using this method to
reduce oxidized copper showing the advantages its use has for small plants. Details
are also given on the effect of U addition tooU brass containing Pb in order to neu-
tralize its damaging effects during hot-rolling.

XX.
V. LORE
(I. P. T., Brasil)

"Determinaci6n de las Propiedades Residuales de Arenas de Moldeo"

Con este trabajo se intent6 desarrollar an mdtodo de ensayo para determinar
las propiedades residuales de arenas de moldeo despues que dstas han estado en con
tacto con el netal lrquido. Estos ensayos, llevados a cabo en probetas adecuadas,
permiten entender el comportamiento de la arena cuando se estl Uenando el molde.
Las caracterfsticas de las arenas depuds de haber sido expuestas a la accifn del
metal lfquido pueden ser usadas para orientar el control de la adici~n de aglome-
rantes y aditivos a las arenas de moldeo. El mdtodo desarrollado ha permitido es
tablecer correlaciones con resultados de otros mdtodos de ensayo.

XX.
V. LO RE
(Technological Research Institute, Brazil)

"Determination of Residual Properties of Foundry Sands"

This work is an attempt to develop a testing method to determine the residual
properties of molding sandb after they have been in contact with the liquid metal.
These tests, performed on suitable specimens, help to understand the behavior of the
sand while the mold is being filled. The characteristics of the sands after having
been exposed to the action of the liquid metal could be used to orient the control of
the addition of agglomerants and additives to molding sands. The method developed
has permitted to establish correlations with results from other types of testing.
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XXI.
E. THOMSEN
(University of California, USA)

"Algunos Aspectos del Trabajado de Metales"

Se presenta un corto resdmen de los principios de la deformacifn pldstica
y se demuestra que las caracterfsticas de trabajado y los Ifmites de formabilidad
dependen primariamente del estado de tens: onem. Consequentemente se introduce
una clasificacion de los procesos de trabajado basada en dicho concepto. Se dis-
cuten varios metodos para obtener soluciones aproximadas a problemas de forma
bilidad y se dan resultados comparativos para un problema de recalcado. Se de-

muestra ademls que el tratamiento de los problemas de formabilidad no es com-
pleto si no se examina cuidadosamente la ecuaci6n energetica y se tiene debidamen
te en cuenta cada tdrmino. Finalmente se sugiere que la predicci6n de fuerzas y
energfas solamente no es suficiente y mAE interes se le debe dedicar a la posibili
dad de predecir, entre otras cosas, las propiedades mec~nicas, el acabado super
ficial, los defectos de trabajado, etc.; por lo tanto se concluye que su dediquen
mds investigaciones al estudio con modelos en los que todos los pardmetros de for
mabilidad y corte puedan ser evaluados.

XXI.
E. THOMSEN
(University of California, USA)

"Some Aspects of Metal Forming"

A short review of the principles of plastic deformation is given and it is
shfown that forming characteristics and forming limits depend primarily on the
state of stress. Accordingly, a classification of the major forming processes
based on this concept is presented. In addition, several methods of obtaining
approximate solutions to forming problems are discussed and a comparison for
an upsetting problem is given. It is shown further that a treatment of forming
problems is not complete unless a careful. examination of the energy equation is
made, and every term of the equation properly accounted for. Finally it is sug-
gested that in practice the prediction of forces and energy alone is not sufficient
and more thought must be given to the possibility of predicting among others,
mechanical properties, surface finish, forming defects. It is suggested there-
fore that more research be directed toward model studies in which all of the
important parameters in forming and cutting processes can be evaluated.

_-. . _ - '
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XXII.
N. L. REED
(U. S. Army Materials Research Agency, USA)

"IEl Programa Coordinado de Trabajado y Procesado de Metales de
las tres Fuerzas Armadas"

El Programa Coordinado de Trabajado y Procesado de Metales de las Tres
Fuerzas Armadas, Ejdrcito, Armada y Aviaci6n, es descrito indicando su ampli-
tud y las areas de makror interds en el esfuerzo general coordinado que se estd ha
ciendo para explotar de manera pr~ctica los resultados de las investigaciones b~si
cas. Ademls de exponer la filosoffa del mdetodo de ataque de log; problemas de tra
bajado, tratamiento y fabricaci6n de metales, se da informacifn corcerniente a gru
p05 de tareas seleccionadas.

XXII.
N. L. REED
(U. S. Army Materials Research Agency, V~ A)

"Tri-Service Coordinated Metal Working and Processing Program"

The Tni-Service Coordinated Metal Working and Processing Program of the
Army, Navy and Air Force is described to indicate scope and areas of emphasis in
the over-all coordinated effort now being made to exploit in a practical manner the
results of fundamental research. In addition to presenting the _pljlosophical approach
to the working, treating and fabrication of metals, information an selected tasks is
reported.

XXIII.
N. PROMISEL
(U.S. Navy Bureau of Naval Weapons, USA)

"IAlgunos Aspectos Tdcnicos del Programa de Trabajado de Metales,
Procesos y Equipos (M. P. E. P. ) de los EE. UU. 1

El programa tiene dos caracterfsticas basicas: primero el objetivo es el
desarrollo de tdcnicas y equipos que se adapten al comportamiento especifico del
materiai, en vez de tratar de modificar el material para que sea "trabajable" en
equipos o bajo condiciones que fueron desarrolladas para algo distinto. Segundo,
es necesario examinar detallada y bdsicamente las caracterrsticas de deforma-
ci6n del material y nuevos conceptos sobre fen6menos que podrfan ayudar a encon
trar nuevos equipos y nuevas condiciones de procesamiento. Se describen ejem-
plos especificos de fen6menos y coailportamientos metdlicos que deben ser consi-
derados cuando se busquen nuevas tdcnicas de procesamiento: reduccion de las
fuerzas de trabajado y de fricci6n por medio de la aplicaci6n de vibraciones ultra
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s6nicas; aumento de la ductilidad por aplicaci6n de altas presiones hidrost~lticas;
reducciOn de las fuerzas de friccion y de expansion en libs matrices e cxt.r u i.n. I
extruyendo de flufdo a flufdo; mejoramiento de la formabilidad controlando la tex
tura; aumento de la format iidad trabajando en condiciones de "superplasticidad"
a temperaturas cercanas a una temperatura de transformaci~n de fase, eto,

XXIII.
N. PROMISEL
(U. S. Navy Bureau of Naval Weapons, U. S.A.)

"Some Technical Aspects of the United States Metalworking, Processes
and Equipment Program (M. P. E. P. )"

The program has two basic features: first, the objective is to develop tech.-
niques and equipment wvhich are adjusted to the characteristic behavior of the
material, instead ol trying to modify the material to be "workable" in equipment or

under conditions which have been developed for something else. Second, it is neces-
sary to examine thoroughly and basically the deformation characteristics of the
material and new concepts of phenomena which might help in ciesigning new equip-
ment and new conditions for processing. A description is presented of some
specific examples of the phenomena and metal behavior which must be considered
in looking ahead to new processing techniques: reduction in forming and friction
forces by application of ultrasonic vibration; increasing ductility by applying high
hydrostatic pressure; fluid to fluid extrusion to reduce friction forces and hoop
stresses in dies; control of texture to improve formability; taking advantage of
the so called superplastic conditions near a phase transformation temperature to
improve formability, etc.

XXqV
S VALENCIA y P. A. G. CARBONARO
(U. S. Army Materials Research Agency, USA)

"Investigaci6n de Materiales en Apoyo de una Tecnologfa Avanzada"

Este trabajo describe investigaciones cuyo objeto era estudiar la fenomeno
logfa de procesos para optimizar Las propiedades de los materiales y promover la
tecnologfa de la producci6n mAs econ6mica de componentes militares. Se descri-
ben en detalle: un estudio de crecimiento dendrftico y segregaci6n durante la soli
dificaci6n, llevado a cabo con la ayuda de microsonda y microradiograffas, con el
prop6sito de sentar las bases para tecnicas avanzacias de fundici6n que permitan
obtener estructuras mls homo rneas; estudios sobre trabajado de precision para
desarrollar un mdtodo para formar interiormente elementos tubulares; un estudio
de difusi6n a temperaturas debajo de la de fusi6n (uni6n en estado s6lido) para
desarrollar mrtodos de union positiva de materiales que son diffciles de fundir:

--- • W•,i• • .- __-,.-- -
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una investigaci6n de la aplicaci6n de mdtodos de alta potencia (:high-energy rate")
,on,"" tie,, ",. ^n. . k La fnrmacifn de nmtales; v el corte 4e metales a altas
velocidades utilizando herramientas cerdmicas modernas. Se incluyen los mate-
riales y aplicaciones especfficos y una discusi6n sobre las mejoras econ6micas que
resultan de la investigaci6n bdsica y aplicada.

XXIV.
S. VALENCIA and P. A. G. CARBONARO
(U.S.Army Materials Research Agency, USA)

"Materials Research in Support of Advanced Technology"

This paper reports on selected materials research studies covering proces-
sing phenomenology with a view of optimizing materials properties and establishing
technology for more economic production of military components. Described in
detail are: a study of the dendritic growth and segregation during solidification,
with the aid of the electron beam microanalyzer and of macroradiographs, to pro-
vide a basis for advanced casting techniques for improving homogeneity of the
structure; studies in precision forming for providing a method for internal con-
touring of tubular shapes; a study of diffusion at sub-fusion temperatures (solid
state bonding) to develop positive bonding of hard-to-fuse weld materials; investi-
gation of the application of high-energy rate to the forming of metals; and the
removal of metal at high velocity utilizing advanced ceramic cutting tool materials.
The specific materials and applications, with a discussion of the economic impro-
vemenz resulting from the basic and applied research, are included.

XXV.
S. DE SOU ZA y L. CORREA DA SILVI.
(Instituto de Pesquisas Tecnologicas, Brasil)

"Produccion de Electrodos Rotativos de Cobre-Cobalto-Silicio"

El prop6sito de este trabajo era ayudar a la industria local (brasilera) e
impedir la dependencia total de la importacidn. Se desarrollaron tdcnicas para:
fundir anillos de dimensiones 6ptimas para su subsiguiente forjado, forjar los
anillos hasta sus dimensiones finales y tratar tWrmicamente los mism'is hasta que
adquieran la dzreza deseada (hasta 200 BHN). Se muestran fotomicrografias de
especfmenes fundidos y forjados y fundidos, forjados y tratados tdrmicamente.

Xxv..
S. DE SOU ZA and L. CORREA DA SILVA
(Technological Research Institute, Brazil)

"Production of Copper-Cobalt-Silicon Rotating Seam-Welding Electrodes"
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The purpose of this work was to help local industry and avoid total depend-
ence on finportation. Techniques were developed to: cast rings of the optimum
dimen 3ions for subsequent forging, forge the rings to final shape and heat treat
them to the required hardness (up to 200 BHN). Photomicrographs of specimens
cast and forged and cast, forged and heat t reated are giv3n.

XXV'.
D. OBRUTSKY, M. SARRATE y 0. WORTMAN
(Departamento de Metalurgia, CNEA, Argentina)

"Propiedades de una Aleanion de Cobre de Alta Resistencia al Ablanda-
miento y Alta Conductividad"

Ciertas aleacioi1 es de cobre y zirconio tienen una combinaci6n de propieda
des adecuadas para aplicaciones en electrodos de soldadura de punto a temperatu-
ra- moderadas. Parecen ser superiores a las aleaciones mIs comunes de Cu- Cr
y Cu-Ag. Especfmenes de diferentes composiciones fueron preparados y sus ca-
racterfsticas de envejecido fueron doe;rminadas por dilatometrfa, dureza, conduc
tividad, fuerza termoelectrica y resistencia a los esfuerzos de corte. Los tllti-
mos fueron hechos en probetas tratadas. idrmicamente y deformadas. El andlisis
de los resultados permiti6 calcular una energfa de activacifn para el proceso de
envejecimiento del orden de 23. 000 cal/mol. Electrodos hechos con !a combina
cion dptima d.e propiedades se han comportado excelentemente en aplicaciones in
dustriales.

XXVI.
D. OBRUTSKY, M. SARRATE and 0. WORTMAN
(Department of Metallurgy, CNEA, Argentina)

"Fabrication and Properties of a High Resistance to Softening and High
Conductivity Copper Alloy"

Copper- Zirconium alloys have an adepaate combination of properties for
spot welding electrode applications at moderate temperatures. They seem to be
superior to the more common Cu-Cr and Cu-Ag. Specimens of different composi-
tions were prepared and their aging characteristics determined by dilatometry,
hardness, conductivity, thermoelectric power, and shear-sLrength measurements.
The latter were made on hea'. treated and on deformed and aged specimens.
Analysis of the data yields an activation energy for the aging process of about
23, 000 cal/mol. Electrode. made under the optimum combination of properties
have shown excellent performance in industrial applications.

* *
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XXVI'.
F. MORRAL
(Battelle Memorial Institute, USA)

"IManufactura de Chapas No-Ferrosas"

Tres tdcnicas de interds para la nianufactura de, chapas no-Iferrosas son:
fundicifn semicontfn~ua, fundici6n de tochos delgados, y metalurgia de polvos. '
Ellas son consideradas en este trabajo on relaci6n a la fabricaci~n de chapas de
metales y aleaciones comunes. Se djsct~vten tambidn las caracterrsticas mectni
cas y metaldrgicari de los productos.

XXVII.
F. MORRAL
(Battelle Memorial Institute, USA)

"Non Ferrous Metal Sheet M~anufacturing"

Semicontinuous casting, casting of thin slabs, and powder metallurgy are
techniques for producing sheet. The use of them, and related processes, to
manufacture sheet from common metals and alloys and from unusual metallic
materials is considered in this paper. Metallurgical characteristics and mecha-
nical properties of the products are discussed.

XXVII.
M. STEINBERG
(Lockheed Missiles and Space Co, USA)

"TInfiuencias de las Investigaciones sobre Materiales en la Optimizaci6n
de Disefio"l

La transici6n de construccieai de aviones convencionales a proyectiles y na
yes espaciales ha estimulado el desarrollo de materiales estructurales para altas
temperaturas y 'ba fabricaci6n de estructuras livianas. Se dan ejemplos de c6mo
se puede llegar a resultados err6neos en la optimizacifn de diseflo si no se usan
los parg-metros adecuados. Se discz-te el t.. ncepto de diseflo generalizado de sis-
temas para determinar planes de investigaci6n y desar: ollo de niateriales reales.
Dos Conceptos de diseflo de protecei6n tdrmica para estructuras de re-entrada son
examinados -sistemas por absorci6n y por ablacidn- y se ha,ýen las cctisideracio-
nes sobre Tnateriales pertinentes al disello de protecciones termicas para estructu
ras de re-entrada. Se discute un material compuesto basado en fibras refractarias
con un ligante inorgdnico desarrollado por Lockheed para sistemas de proteccifn
termica. Tambifth se analizan los problemas relacionados con metales refracta-
rios con capas protectoras. Se eescribe el uso del an~lisis paramdtrico de cape.-
cidad de componentes y materiales versus capacidad de misiW para el desarrollo
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deunacarcazaparaunmotor cohete y se ilustra coD una comparacifn entre carca--
zas hechas de aceo, titanio o filamento de vidrio bobinado. Como ejemplos de
otros materiales d,'sarrollados con propiedades especfficas o con una combina-
ci6n de propiedades para satisfacer los requerimientos de ambientes de proyecti.
les o naves espaciales se citan aleaciones de Be-Al con una buena combinaci6n
de m~dulo, resistencia, ductilidad y peso y materiales para toberas de cohetes.
o sea "materiales a. medida".

XXV III.
M. STEINBERG
,'Lockheed Missiles ana Space Co., USA)

"Desigp Optimization Through Materials Research"

The transition froin conventional aircraft construction to missiles and
spacecraft has spurred the development of high temperature structural materials
and the fabrication of light weight structures. Examples are cited of how mislead-
ing results can be obtained in design optimizations for minimum weight if improper
comparison parameters are used. A discussion is given of the generalized design
of systems concept for determining actual materials research and development
Two approaches in the design of thermal protection systems for reentry structures
are examined -absortive and radiative systems- and materials considerations are
given for the dcsign of thermal protection for reentry structures. A compos)t,"
based on inorganic bonding of various refractory fibers, developed by Lockheed
for thermal protection systems is considered. The problems related to coated
refractory metals is discussed. The use of a parametric analysis of component
and m Aterials capabilities against mission capability to develop a rocket motor
ease is described and a comparison of steel, titanium and glass-filament wound
cases is given. Beryllium-aluminum alloys with a good combination of modulus,
strength, ductility and weight and materials for rocket nozzles are other examples
of materials developed with specific properties or combination of properties to
meet the requirements of advanced missile and spacecraft environments or, in
other words, "materials designed to order".

XXIX.
J, RINEHART
,Colorado School of Mines, USA)

"Trabajado de Metales con Explosivos"

Aunque no es de esperar que este mdtodo reemplace a otros mas conven-
(.aonales, su uso estA ahora firmemente establecido en muchas plantas de proce-
s,..,.o de metales. Los procesos en los que ha sido mas general y efectivamente
adoptado se dividen en dos categorfas: aqudllos en que los procesos pueden llevar
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se a cabo s6lo en las condiciones extremas y exdticas generadas por medio de ex-
plosivos; tales como el endurecimiento de aceros al manganeso, compactacian de
ciertos polvos o contornos convexos; y segundo, aquIllos en los que el trabajado
del metal s6lo puede hacerse a costa de mucho tiempo, esfuerzo y dinero. Como
ejemplos de la segunda categorM se dan la producci6n de puntas de proyectiles-
cohete o de vagones tanque para ferrocarriles. Estas operaciones pueden Ilevar
se a cabo por mdtodos convencionales pero la construcci(n de las prensas y ma-
trices requeridas para producir dichas partes s6Lo se justifica si se espera produ
cir una gran cantidad de piezas. La producci6n c,, po-mas partes por medio de ex-
plosivos es relativamente barata y simple, ya que Las matrices y tanques usados
son faciles de hacer. Mientras la formaci6n con explosivos juega un papel muy
significativo en parses de tecnologia avanzada como los EE. UU., pareciera que
deberA jugar un rol adln mis importante en sociedades menos avanzadas tecnol61f
camente donde el progreso se ve muchas veces impedido por falta de costosos bie-
nes de capital. Debido a que el trabajado por expiosivos en general requiere poco
desembolso de capital, dichas tA.cnicas son ideales para suplir tal falta. Aparente
mente no hay raz~n alguna para que un pars como Argentina no desarrolle y utilice
estos nuevcs mdtodos y tdcnicas para resolver algunos de los problemas de trabaja
dc de metales que enfrenta.

XXIX.
J. RINEHART
(Colorado School of Mines, USA)

"Explosive Working of Metals"

Although it cannot be expected to replace most conventional metal working
operations, explosive working of metals has now become firmly established in many
metal processing plants. The processes where it has been most effectively and
widely adopted fall into two categories: those in which the process can only be
done by utilizing the exotic and extreme conditions generated by explosives, such
as work hardening of manganese steel, compaction of metal powders, or the
production or re-entrant contours; and second, those in which the working of the
metal could be accomplished by other means but only at 3xcessive expenditure of
time, effort, and money. The sizing of missile noses, or the production of a rail-
road tank car fall into thc second category. These operations could be performed
by conventional methods, but construction and procurement of dies and presses
required to produce these latter parts are only economically feasible when a large
number of production parts are anticipated. Explosive forming of a few parts on the
other hand is relatively inexpensive and simple since the dies and tanks required
are relatively easy to fabricate. While explosive working is playing an extremely
significant role in the highly technologically developed ccuntries such as the United
States, it seems destined to play an even more important role in less technologically
advanced societies where progress is being hampered by the lack of expensive
capital equipment. Since explosive forming, in most instances, requires relatively
little capital outlay, the techniques are ideally suited to making up for this lack.
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There appears to be no reascn why a country such as Argentina should not avail

itself of these new explosive working methods and techniques to solve some of the

metal working problems which it is now facing.

XXX.

F. MORRAL
(Battelle Memorial Institute, USA)

"Nuevos Procesos de Manufactura de Metales en los EE.UU. Posible

Aplicaci6n en Parses Latinoamericanos"

Tradicionalmente, en la industria metalhrgica de los EE. UU., la tenden-

cia ha sido hacia el uso de grandes equipos con grandes tonelajes de producci6n de

chapa, alambre y productos similares. En este trabajo se ha intentado hacer una

evaluaci6n de tdcnicas viejas y nuevas con las que se pueden fabricar las partes
arriba mencionadas en una escala m~s reducida y econ6mica.

XXX.
F. MORRAL
(Battelle Memorial Institute, USA)

"New Metal Manufacturing Processes in the USA of Possible Application
in Latin American Countries"

Traditionally in the U. S. metallurgical industry, the trend has been to larg(

equipment and tonnage to manufacture sheet, wire, and similar products. An
evaluation of new and old techniques which make possible fabrication of the above
mentioned products on a smaller scale and economically, was attempted.

* ***

XXXI.

J. CIARLO y R. MEILLAT

(C.A.M.E.A. Argentina"
"Colada Contfriua de Aluminio"

Sn Este trabajo describe el desarrollo de un sistema Properzi de Colada Con-

tfnua, incluyendo el horno basculante, rueda de colada enfriada con agua, trenes de

laminado de alambr6n de aluminio y equipoo bobinadores del mismo. El equipo ha
estado trabajando eficientemente durante el altimo aflo. El alambr6n se usa en IL
fabricaci6n de lfneas de transmisi6n electrica.

- •• ..MOM



D-25

XXXI.
J. CIARLO and R. MEILLAT
(C.A.M.E.A., Argentina)

"C ontinuous Casting of Aluminum"

This paper describes the development of a Properzi Continuous casting
system including tilting furnace, water cooled casting wheel, rod rolling trains
and rod coiling devi1es. The equipment has been working very efficiently during
the last year. The rod is used in the manufacture of power transmission lines.

XXXII.
J. ALMAGRO, G. CUSMINSKY y C.A. MARTINEZ VIDAL

(Departamento de Metalurgia, CNEA, Argentina)
"Estudio de la Colaminaci6n de metales"

Las tdcnicas de colaminado desarrolladas en los laboratorios de Metalur-
gia de la CNEA son el tema de este trabajo. Los mecanismos bdsicos fueron in-
vestigados en primer lugar y, como resultado, se determinaron los parlmetros
importantes para una producci6n industrial. Experimentos en planta piloto confir
marrm la validez de las predicciones. Este metodo se utiliza ahora para producir
los elementos combustibles del primer reactor argentino experimental y para la
producci6n de is6topos (con un flujo de 1016 n.p. s).

XXXIl.
J. ALMAGRO, G. CUSMINSKY and C. A. MARTINE Z VIDAL
(Department of Metallurgy, CNEA, Argentina)

"Roll-bonding of Metals"

The roll-bonding techniques developed at the laboratories of the CNEA are
the subject of this work. The basic mechanisms were investigated first and, as a
result, the important parameters for industrial production were determined. Pilot-
plant experiments confirmed the validity of the predictions. The method is being
used now to produce the fuel elements for the first Argentine experimental and isotope
production reactor (with a flux of 1016 n.p. .).
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XXXIII
R. KUGUEL
(Iistituto Nacional de Tecnologra Industrial, INTI, Argentina)

IttT I L I` -c d ar dhoy E ta ld----•- -__! I-_ T,%_ _!_ _-__ ..... -"- I-_• I _ ... .. 1-_ei t ne a a l a
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tiga de Elementos Estructurales y de M.quinas"

Se ensayaron probetas de aleaci6n de aluminio y de acero. Se observ6 un
decrecimiento en la resistencia a la fatiga con un aumento en el volumen de aqulla
parte de la probeta que es sometida a altas tensiones. Se encontr6 en relaci6n li-
neal entre el logarftmo de dicho volumen y el Jogaritmo de la tensi6n m-a.xima. La
pendiente de dichas Ifneas parece ser la misma para todos los materiales ensaya-
dos dentro de la banda de dispersi6n entre el 10 y el 96%. Debe tenerse en cuenta
que ei anAlisis precedente puede usarse para predecir el corrportamiento a la fati
ga de partes de maquinas y estructuras a partir de los resultados obtenidos con
pequefias probetas de laboratorio. Tambi6n se determin6 una relaci6n experimen-
tal entre los factores de Concentraci6n de tensiones real y te6rico.

XXXIII.
R.KUGUEL
(National Institute of Industrial Technology, INTI, Argentina)

"The Effect of Size and Shape on the Fatigue Strength of Structural and
Machine Members"

Steel and aluminum alloy specimens were tested. A decrease in fatigue
strength with an increase in the volume of that part of the specimen which is highly
stressed u as observed. A straight line relationship between the logarithm of that
volu,±ie and the logarithm of the maximum stress was found. The slope of those
lines seems to be the same for all materials tested within the 10% and 96% dis-
persion band. It should be pointed out that the preceeding analysis could be used
to predict the fatigue behavior of structural and machine components from results
on small laboratory specimens. An experimental relationship between the theo-
retical and real stress concentration factors was determined.

XXXV.
J. A. SABATO
(Departamento de Metalurgia, CNEA, Argentina)

"Estrategia de la investigaci6n metahlrgica en Latino-Amnrica"

Esta sesi6n se dedic6 a discutir el impacto de las investigaciones metalr-
gicas en ia economfa de los parses en desarrollo y la posibilidad de establecer prio
ridades en la investigaci6n metaldrgica en relaci6n a las necesidades y posibilida-

des nacionales.
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xxxv.
J. SABATO
(Department of Metallurgy, CNEA, Argentina)

",-?S .ateg. g' . " , , T T i"n oyiA mg-i4pI

This session was devoted to discuss the impact of metallurgical research
on the economy of developing countries and the possibilityolirstablishing priorities
in metallurgical research in relation to national needs and possibilities.

XXXVI.

J.A. SABATO
(Departamento de Metalurgia, CNEA, Argentina)

"Objetivos de una colaboracifn regional en materia de investigaci6n
tecnol6gica"

Esta sesi6n fud la dltima de la Conferencia. El Prof. Sabato resumi6 lo
conseguido por la Conferencia y agradeci6 a los conferenciantes en nombre de la
CNEA. Representantes de diferentes parses agradecieron la hospitalidad de los
organizadores y los felicitaron por el exito de la Conferencia. A continuacifn se
llev6 a cabo una discusifn sobre c6mo usar los servicios de organizaciones inter
nacionales para promover reuniones y cursos tdcnicos.

XXXVI.
J. A. SABATO

(Department of Metallurgy, CNEA, Argentina)

"Objectives of Regional Collaboration on Technological Searching"

This session was the last of the Conference. Prof. Sabato summarized the
accomplishments of the conference and tbAnked the attendees in the name of the

CNEA. Representatives of the different countries thanked the organizers for their
hospitality, and congratulated them for their success. A discussion followed on
how to use the services of international organizations to promote technical courses
and meetings.
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"SOME RECENT DEVELOPMENTS IN ENGINEERING

1•AfAr1rnAI q ANT'P) PROCESES,

by Earl R. Parker

I ntr odicti on

The purpose of this paper is to describe briefly some of the recent techno-
logical advances in materials that are of interest to physical metallurgists and
engineers, The subjects selected for inclusion are new methods, new processes,
or now material,.

Of major concern to the users of materials are joining processes. New
methods, some of them exotic and far removed from current commercial prac-
tices, may soon find important applications. Most of those considered are in the
early stages of industrial application; they are not merely laboratory developments,
although they are not far removed from this stage of evolution.

Casting processes have not received adequate attention in the research and
development areas. Very little basic work on solidification processes is being
done in universities; governmental research support is very small, and the work
being done in industrial laboratories is generally concerned with current production
problems.

In many modern engineering structures, high strength and light weight are
basic design requirements. There has been an intensive effort, particularly in the
United States, to develop materials of all kinds (metallic, ceramic, and organic)
that are substantially stronger than available commercial materials. The status of
this work is briefly reviewed; the high strength alloys that have recently become
available are described. The future of composite materials is also discussed, as
are the current, and rather spectacular, developments in the production of high
strength glass.
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The ininino proc,-,.,, ,on•s•dered her,,- are confin.. to the newer .... A ..V.. .

in( nts in welding and adhesives; mechanical joints are not considered. In met'Vih
joints these include electron beam, friction, sonic, explosive, and laser welding
and in nonmetallic joining methods, organic adhe-si~us bonding. The newer metal
lho methods are relatively expensive, hence, they are only used in specialized ap-
plications where conventional welding or brazing techniques do not provide sat;-
factory joints. Adhesives are being used for similar applications; LhL-.y are also
finding increasing use as replacements for mechanical bonds. In many cases,
adhesive bonds are actually stronger and cheuaper to make than mechanical joints.
The most important advanoes in joining methods today are with adhesive materials.
All metallurgists and engineers should be fully aware of the properties and pctential
uses of adhesives. Each of the above-mentioned joining methods will be discussed
in detail in the following sections.

Electron beam welding(l, 2 ) must be done in vacuum at a pres-
sure of less than one micron of mercury. This imposes serious limitations on the
general use of this method, but it also has the great advantage that contamination
by air is avoided. An additional advantage that sometimes accrues is that volatile
impurities in the metal evaporate during welding because of the vacuum environment.
The low level of contamination is especially desirable in the melting and welding of
refractory metals.

Electron beam welding methods nave ,,een developed in England, France,
Germany, Japan, Russia, and the United States. The electroi beam is accelerated
with a potential ihat varies from 10 to 150 kilovolts, and the b- am is focused into a
small cross-section to obtain a high energy density necessary for a tiny molten zcne.
A unique characteristic of this kind of welding is that the depth-to-width ratio of the
weld zone is high. Commercially available equipment produces welds with depth-to-
width ratios of four to one, but machines have been built that can produce deep
narrow welds with ratios of 20 or more. Another advantage is that little weld
shrinkage occurs and distortion is minimal. A sketch illustrating the elements of
'In electron beam welding gun is shown in Fig. 1. Photographs of welds made with
h'gbh I.-d with loe power density beams are shown in Figs. 2 and 3.

Electron beam welding processes were developed in an effort to avoid the
•ma 11 ý, mount of contamination that occurs in well shielded inert gas welding of
re:actix, metalI. Aithough only a few parts per million of oxygen or nitrogen may
be present in the inert atmosphere, these gabes can have a serious adverse effect
on the properties of the weld metal. Also, similar amounts of oxygen and nitrogen
are often present in the metal being welded le -ause of contamination thaL ox•.urred
(iJvi-g the vamuuir arc melting of the ingot (under pressures of 5 to 50 microns of

mercury). In many applications the normal impurity level is not particularly
delitoý -. us, but for ceitain critical applications, higher purity is essential. The
cle( Iron beam process produces substantially higher purity welds than does con-
ventinnwl inert gas arc welding, and this is the reason that the process was developed.
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In its present state, electron byeam welding can only be dlone on components
that will fit into vacuum chambers, the largest of which are of the order of 10 feet
in length, 5 feet in width, and 6 feet in height. Welding can be done equally well in
:Invy p.ositon, and so tooiing and positioning of the work is simpli'ed. The gun can
be maintained stationary while the work is moved, or the gun can be mounted on a
movable carriage. Electron beam welding must.... r s , rsly nnrA-

led. Programming is accomplished by continuous path numerical control or by a
simple analog system. The progress of welding can be followed optically through
windows in the vacuum chamber or by clotx I circuit television.

Applications of the electron beam technique include micro-circuitry welding
in the electronics industry, general fabrication, joining of heavy structures, and
the repair of castings. Very tiny objects, such as 0. 003-inch wires an( 3heets can
be electron beam welded, and miniaturized components can be encapsulated by sheet
material welded with this process. In the larger sizes, a wide variety of thicknesses
and kinds of materials, including dissimilar metals, can be joined. A single electron
beam machine can weld foils, or it can be used to join plates several inches thick.
Although current usage is generally restricted to foils and to plates less than about
3/4 inch thick, the method can be used to join plates several inches thick in a single
pass, and with travel rates of several feet per minute.

Frictioi welding is a fusion process for joining metals, but it differs
from other processes in that the heat is generated by friction. In its simplest form,
one of the pieces to be joined remains stationary while the other is rotated at a high
speed with one enQ held against the stationary piece until a welding heat is reached,
then the rotation is sý.opped and the pieces are pressed together during the subsequent
cooling period.

The friction welding process has been explored most thoroughly by the
Russians. V. I. Vill (3,4) has made a comprehensive study of the process.
Zakson and Voznesenskii (5) evaluated the general parameters of power and heat
incident to friction welding, and the specific analysis of these factors for friction
welded thick-walled steel pipes was reported by Gel'dman and Sanders (6). Industry
in Russia has found considerable use for this process, but as yet it is used very
little in other countries. Among the first technical studies reported in the United
States were those ot Hazlett (7, 8) and Hollander (9). Hazlett friction welded a
number of dissimilar metals as well as plain carbon and low alloy steels. Cylin-
drical bars ranging from 1/4 to 5/8 inch in diameter were welded and tested.
Joint efficiencies of 100 percent were obtained with AISI 1020 and 4130 steels.
Identical results were obtained with zirconium-zirconium, 304 stainless steel-304
stainless steel, 2024 aluminum-2024 aluminum, magnesium-magnesium, nickel-
nickel, zirconium-304 stainless steel, zirconium-1020 steel, and 2024 aluminum-
copper, but satisfactory welds of copper-copper and nickel-magnesium could not
be made. Sound metallurgical bonds were obtained, except for the combinations
noted, but brittle zones were present in some cases, and these limited the ductility
and toughness of the metal at the junction. As the advantages of this process have
become more widely known, its use has gained headway, and more widespread future
use is to be expected.



Ultrasonic welding is a process for joining metals using vibrational
energy, but without the aid of heat, fluxes, or filler metals. The pieces to be
joined are clamped together with a low static pressure. The static and cyclic loads
are applied through a welding tip much like that used in resi-'tance welding. The
vibrational energy is applied for a few seconds. The sonic coupling system is
shown schematically in Fig. 4. Strong bonds can be made without causing signifi-
cant distortion of the pieces being joined, ancl the "cast metal zone" characteristic
of fusion welds is absent, or at worst, very small.

Welding is achieved by applying a shearing action btc"ween the.l parLs being
joined. The shearing movement is small and a normal force is necessary icr good
bonding. The sonic frequencies employed range from 5, 000 to 75, 000 cycles per
second.

Strong bonds can be made between like pieces of most of the common alloys,
and many dissimilar metals can also be joined successfully. Examples of metals
that have been welded are stainless steels, titanium alloys, aluminum alloys, copper
alloys, copper to silver, copper to nickel, copper to zinc, and titanium to i,.olyb-
denum. One very attractive feature of this process is that cold-worked mctals amt
:dloys can be jointd without destroying their high strength properties; because no
heat is used recrystallization does not occur in the weld zone.

The process is best suited to the welding of thin sheet material, such as
aluminum foil, and is currently being used to ). limited extent for such applicatioicL.

Expl osive welding is a new technique for joining in v.,iiich plates of
metal are lof ced together by an explosive charge in a manner that produces al ih.-
crease in surface area while the plates are held in contact by a pressure apiprCach-
ing a million pounds per square inch. This is a cold welding process; the temi!,r-
ature of the surfaces being joined need not rise above about 300 0 C, although it is
possible with technique variations to produce very high surface temperatures.
Weld joints as str-ong as the parent metal can be produced by this technique.

The best welds are made when there is a small angle betvecn the plates,
and the welding is done in vacuum (1/!00 atmosphere). Joints made in air arc E:oL
as strong because the air acts as a cushion when the plates are brought togetih.er,
and the aWr becomes very hot as it is compressed (of the order of 10, 000oc),
oxidizing some of the metal and contaminating the weld.

A sketch illustrating the nature Mf thce e.x-plosive welding set-up used by
Davenport (10) is shown in Fig. 5. Wien the ep-.Tlosive is detcnatcd, the top plate
is accelerated to a velocity approaching 1000 feet per Lecond. As it strikes the
othcr plate, the material is squeezed forward, making a small jet or ripple in the
surface. The coihýact point moves along the interface as the plates move together.
hVhen the ;rate at i~hich the contact preint moves is sub-soiic, material has time to
Move, r'pples like those shownm in Fig 6 form, and the resulting joint is strong.
Rij.pling pr(duces a several-fold increa.se ii. the surface area, creating new surfaces
thaial 'iond readily.
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Rippling also provides a mechanical strengthening effect by virtue of its

In many instances, it is not possible to use an angle between the surfaces
to be welded (e. g., welding of concentric tubes, or joining of large areas of flat
plates). However, for the formation of strong joints, rippling is highly desirable,
and this effect can only beý p. .3iu,.(,d when the contact point moves slower than the
sonic velocity in the plates. Detonation velot.ities in commercially available
explosives are six to seven millimeters per microsecond, and sonic velocities in
m'tals are only fcar or five millimeters per microsecond. Thus, to produce rip-
piing during the welding of parallel surfaces, --peeial explosives having detonation
vclocities less than thr(;e or four millimeters per microsecond must be used.
Such explosives are not readily available.

The separation distance of the plates is also important because the moving
plate must travel a certain minimum distance before reaching maximum velocity.
In most instances, the separation distance is a few millimeters. if plates are
spaced closer than the desirable minimum, or even if they are in contact, welding
can be achieved, but the amount of explosive used must be increased as much as
five-fold.

Applications for explosive welding are limited because of the potentially
dangerous materials used and because of the geometric limitations of the process.
Explosive welding is advantageous for welding materials together over large sur--
face areas. L is especially suited for cladding of plates, rods, or tubes.

La s e r w e 1 di n g is the newest of the welding processes. The word
"laser" was created by using the first letters of the words, "light amplification by

stimelated emission of radiation". A laser is a device that emits coherent (i. e.,
in phase) light waves in a paal iel beam having little or no divergence, in contrast
w~ith ordinary emitters which radiate incoherent (out of phase) light spherically.
The uses of lasers fall into Uhree general categories: '(1) scientific research,

t2) :,mmin! cations, (3) for concentrating energy in a small area for technologheal
or military purposes. Tremendously high energy densities can be attained with
lasers. The first laser material, the pink ruby, is still used as the light emitter
in applications such a, welding where high energy densities are required.

A laser "s a device that amplifies light by means of stimulated emission of
radiation. The iaser is used as a source of radiation, ýhe particular laser of con-
cern in welding being the ruby laser which is a cylindrical single crystal of A1203
containir.g about 0. 05 percent of chromium. The crystal is usually about one centi-
meter in diameter and may he 2 to 20 centimeters in length. The ends of the
cylindrical crystal are ground optically flat and parallel, and one end is coated so
that it becomes a highly refiective surface. "he ruby is irradiated by a flashlamp,
usually in the form of a concentrically wouni helical tube, which is intermittently
operated for millisecond p'riods with a higb energy pulse, tor example, 2000joules.
Commercial welding units are available witt, IF. joules, 3 millisecond pulses, at a
rate of 1200 pulses per hour. A schematic illustration of a unit i5 shown in Fig. 7.
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A laser concentrates or "a: Plifies" light energy hundreds of times in that
thc intensity of the output flash is many times greater than the intensity of the input
light used to excite the laser. The same general principle as that used in fluores-
cent lights is involved, namely, the excitation of atoms by a light of a shorter wave
length, and the subsequent re-emission of longer wave length light by the excited
atoms when they return to their normal state. In the case of the ruby laser, the
chromium atoms are the emitters. They absorb green light and thus make the
ruby look red. Green light from the external exciting source raises the energy
leve- of the chromium atoms. When these excited atoms return to their normal
state, they emit light of a longer wave length. The difference between the action
of a fluorescent material in a lamp and a laser is that the atoms in the fluorescent
light emit randomly in all directions, with each quantum of radiation being inde-
pendent and out of phase with all others emitted at the same time. In the laser,
the actioa is different. The excited atoms tena to remain in the excited state until
triggered by some external stimulant. The light quantum emitted from the first
atom returning to the normal state travels down the ruby crystal, and as it passes
other excited chromium atoms it~stimulates them to discharge their stored energy
in phase with light from the first atom. "The ends of the rod are paral.el an~i coated
with a highly reflecting substance so that the beam, once triggered, is reflected
back and forth, triggering more and more excited atoms, until it reaches a high
enough intensity to pass through the thinly mirrored surface n one end of the rod.
The burst of light leaving the crystal is coherent (i. e., of a single phase and fre-
quency), and is in the form of a narrow beam that does not diverge.

Laser light can pass through transparent substances without affecting them.
It can be used to melt metals encapsulated in glass or plastic, or more impres-
sively, laser beams have been flashed into the eyes of patients having detached
retinas to weld the retina back in place. The beam passes harmlessly through the
transparent portion of the eye and is absorbed by the retina, "?welding" the detached
unit back in place.

The power output of a commercial unit may seem small for welding metals,
but 10 joules output for one millisecond can cause the surface of iron, copper, or
aluminum to boil. The reaction pressure of the vaporizing metal also can be used
to produce laser "drilling". Lasers can be used for welding fine wires to each other
or to foil, an application of considerable importance in the manufacture of micro-
electronic devices. Laser welding is just coming into use; it is certain to find
numerous specialized applications.

Ad he s i v e s are assaming a major role in matei ials technoloo--. Within
the past few years, adhesives have reached the stage of development wl adhe-
sive bonding has replaced many riveted, bolted, brazed and spot welded joints. In
modern supersonic airplanes, over 75 percent of the skin is joined to the framework
with adhesives. In the automotive industry, adhesives are used to attach panels,
glass, steel reinforcing sections, and trim; over 25 pounds of adhesives are used on
some automobiles. In the electronic industry, adhesives are used to bond metal
parts to circuit boards, and conducting adhesives may soon be used for making

"soldered" joints.
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In the metal industries, adhesives are used to join castings, extrusions,
-and sem**. par-s'. Axubleive ubed is "lock-washersu for nuts

for bonding sheets of metal in curtain-wall building construction, and experiments
are in progress involving the use of adhesives in place of stitches both in the
clothing industry and in surgical techniques, such r ' the joining or closing of blood
vessels.

Adhesives stick to surfaces primarily by virtue of Van der Waal bonds, the
weak forces responsible for the wetting action of a iiquid when placed on a solid.
Bonding energies a1,e of the order of one kcal/mol, in comparison with chemical
bonds which have energies of the order of 100 kcal/mol. Stich bonds, weak as they
are, are sufficiently strong to account for the strength of adhesively joined parts.

Good bonding requires good wetting, An adhesive that does not spread on a
surface cannot flow into surface crevices and will form a weak joint. Whether or
not a liquid will spread on a solid depends upon whether the attractive force of the
liquid molecules for each other is greater or less than the attractive force between
the liquid molecules and the solid. The forces holding like molecules together is
called cohesion; for unlike molecules they are called adhesion forces. On an
energy basis, the thermodynamic work of adhesion is equal to the surface free
energy of the solid, FS, plu' e surface free energy of the liquid, FLP minus the
free energy of the interface betwee. i the liquid and the solid, FSL, or
WAdh = FS + FL - FSL"

In the same terms, the work of cohesion can be considered as the work
involved when a layer of liquid spreads over another layer of identicai material, or

WCoh. = 2 FL

A liquid will spread on a solid if the spreading coefficient, Sp is greater than zero;

Sp= WAdh-VCoh= FS-FL- FSLN 0

or FS i FL + FSL

Surface free energies of metals are generally high. They are difficult to measure,
and reliable data can only be obtained at temperatures near the melting point.
Measured values range from a few hundred to more than a thousand dynes per centi-
meter, as oiompared with 72 for water, 47 for epoxy resin, 46 for nylon, and even
lower values "3r polyethylene, polystyrene, and teflon.

The increased use of adhesives has resulted from developments that have-
occurred recently. About seven years ago a new class of substances, called epoxy
resins, became available. They are far superior to most cf the older adhesives,
and the success of this group of compounds has stimulated extensive research in
many laboratories. The epoxy resins are formed by mixing two materials that link
together because of a spontaneous chemical reaction. The result is a long-chain,
cross-linked polymer that is solid and strong, lik? bakelite.
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The hardening process involves the transformation from a liquid state to a
toUtJ', hard solid. The reaction is promoted by the addition of chemically active
reagents variously known as curing agents, hardeners, activators, or catalysts.
Son~e a,.entz promote hardening by catalNtic action, while others react with the
resi 1, molecules. In some resins, curing may take place at room temperature,
but in most cases, heat must be employed, c'ther by an exothermic reaction or
from an external source. The nature of the molecular structure of enoxy resins
is shown below. The basic epoxy resin mcleculc is characterized by the reactive
epoxy or ethoxyline groups

O\
-C - C-

which act as terminal linear polymerization points. The terminal structure of the
long-chain epoxy resin molecules is shown at the top in Fig. 8; the central brack-
eted portion consists ci a number, n, of the units shown in the lower part of the
figure, linked together to form the central part of the molecule. The numuer, n,
may vary. When it is .cro, the molecular weight is 340, and the softening tem-
perature of the cured resin is about 400C. When n = 4, the molecular weight is 1056
and the softening temperature is about 110oC. The mechanism of polymerization
is shown in Fig. 9.

Epoxy resins may be used for a variety of applications such as castings,
encapsulating, sealing, an6 lightweight foams, but one of the most important usages
it. for adhesives. Depending upon the formulation, the amount and kind of filler,
ailuent, or resin modifier used, the resin may be rigid or flexible. Some epoxy
resins are stable for long times at 1750C, and for short times up '.o 300oC. Shear
strengths in lapped joints can be several thousand pounds per square inch with
pure epoxy resins; filler materials increase the strength. Value, of shear strength
on steel-to-steel bor.ds as high as 10,000 psi have been reported. An additional
feature of merit is th-.at epoxy bonded joinLt- cxhibit a much gcreater :csistarice to
laLi6ue than spot welded or riveted joints. Improved perlormance is asured \-;'Lh
future development, and ever expanding usage of epoxy rozin adhesives is clearly
foreseen in parts now joined by welding )r mechanical means.

New or improved casting processes for metals, -hileof
.,reat commercial importance, are receiving relatively little attentio, . One of the
most promising current developments is the combination of casting and die for&ing.
Pre ductility of high 6trenth steel and aluminum castings, cast to fit into final
forging dies, can be substantially improved by a final hot forming operation.

A new technique for improving nodular iron castings is being explored.
Thin sections in nodular castings often cool so fast that cementite forms, rather
than nodular graphite, and unsatislactory castings result. In some recerftexperi-
ments, powdered ferrosilicon has been added to the mold before castiung, and this
washes into the thin sections, dissolves, and increases the graphitization rate in
Lheise regions. Considering the technological importance of castings, this field is
badly nelected by metallurgical research groups.

-l--Y,---w---



1 9-

LIi TRAHIGH STRE NGTH MATERIALS

Ste eeIs have traditionally been used for ,tructural applications requiring

high strength. However, even the strongest of the newer steels are being chal-
lenged from several sides by equally promising nonferrous materials. For example,

titinium alloys have already proven to be superior in certain applications, and glass

comp)osites have suirpassed steels in both strength a•nd reliability in others.

Substantial progress has been made in recent ,,cars in steels of all kinds,
and further improvcmecrts are to be expected in the immediate fututc. For example,

structural carbon steels, such as ASTM A7, A373, and A36, with yield strengths

between 32, 000 and 36, 000 psi, have been available for many years. High-strength

and high-strength low-alloy steels (A242, A440, and A441 ) suitable for use as
stonrger substitutes for carbon structural steels, have yield strengths ranging

from 42, 000 to 50, 000 psi in the as-received condition, and are suitable for weld-

ing with conventional techniques. Even sti onger grades of structural steels that

can be welded are the heat treated USS T-1 steels, that have yield strengths ini excess

of 901 000 pPi and are available in thicknesses up to six inches. Modern designs of

buildings and bridges often incorporate all of the above mentioned grades of

structural steel in a single structure (11).

The upper limit of tensile strength in bulk pieces of commercially available

steels has been extended to nearly 500, 000 psi by the "Ausform" process developed

by the Ford Motor Company. Ausforming consists of cold-working a steel in the
austenitic state, but at a subcritikal temperature, prior to quenching to form

maitensite (12). A wide variety of steels can be Ausformed. Alloys that are very

slow to decompose at temperatures near 1 0 0 0 oF are especially suitable. The

process consists of he-ting the steel into the austenite range, cooling it to about

1000OF rapidly enough to avoid decomposition, and then deforming it by rolling,
forging, or other processes until the cross -section is reduced 70 Lo 90) percent.

After deformation, the steel is quenched to form martensite, and then it is tem-

pered at a temperature of 900OF or less. A typical alloy that responds well to

this process is the H-11 steel (5. 0% Cr, 1. 3% Mo, 0.5% V, 0.4% C). Properties

attainable with this steel in the Ausformed state are shown in Fig. 10, along with

those resulting from a conventional beat treatwent. One characteristic of

Ausformed steels is that they have exceptionaAy high notch toughliess combined with
high strength and moderate ductility. Also, the fatigue limits of these steels are

the highest ever determined for bulk material.

Another omtstanding development is the "'Maraging steels". They are es-

sentially carbonless alloye, and hence are not truly steels; they are iron base
alloys that, after quenching, harden upon aging to tensile strength levels as high

as 300, 000 psi (13). A typical composition consists of 15% nickel, 9% cobalt, 5%
molybder v n, and 0. 5%,; titanium. The treatment consists of heating to above the

critical tfp,,nr; t ore (about 1500oF, followed by air cooling to room temperature.

Quenching is 'i" -ecessary and so full hardness, produced by subsequent aging at

about 900 0 F. can be obtained in pieces of any thickness.
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At tensile strength levels of 250, 000 to 300, 000 psi, Maraging steel., have
about twice the ductility of conventional alloy steels. Furthermore, their notch
toughness at high strength levels is excellent. Welding can be done before aging
without causing adverse effects.

High-strength titanium alloys are also finding important
uses. Alloys 6A1-4V (6% Al, 4% V) and 120 VCA (3% Al, 13% V, 11% Cr) are
examples of outstanding materials. Some properties of these alloys are given in
the following table:

Charpy

Yield Yield % VrNotch,
Alloy Condition Strength, psi Strength, psi Elongation ft. lb.

6A1-4V Annealed 125, 000 135,000 20 25

6A1-4V Heat-treated 147,000 164,000 20 17

120 VCA Annealed 135, 000 145,000 23 6

120 VCA Heat-treated 185,000 203,000 5 1.5

Titanium alloys can outperform aluminum alloys in some supersonic air-
craft applications. Aluminum alloys cannot be used for leading-edge skin surfaces
when speeds exceed about 1400 miles per hour because of aerodynamic heating.
Titanium alloys retain their strengths at higher temperatures, however, and can be
used as skin material for supersonic planes with speeds up to about 2000 miles per
hour.

It is of interest to examine where technology now stands with respect to the
theoretical upper limits of strength. The ratio of attained to theoretical strengths
is only about 0. 3, and so there is still plenty of room for advancement.

Composite glass-resin structures have replaced metal parts in a
number of important applications, including large rocket motor cases. Glass
fibers are extremely strong, with tensile strengths exceeding 500, 000 psi. Glass
can be made in continuous fiber form, and wound on mandrels into useful shapes.
The fibers are subsequently bonded together with resin. The glass fibers carry the
load, and the resin provides impact toughness. In filament-wound cylinders, hoop
stresses exceeding 80, 000 psi can be sustained, and the strength-to-weight ratio of
about one million exceeds that of aluminum or titanium alloys. Lower cost fiber-

glass structures are in common use in applications where high strength is not
necessary but light weight, toughness, and corrosion resistance are des.rable.
SmaUl fiberglass boats (up to about 25 feet in length) are one good example. There
are indications that fairly extensive use may be made of fiberglass structures in
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the automotive and other indust, it- , in the not too- dibtant future. Composites are
the most promising class ol maturials under current development.

Gl a s s in bulk iorn1 hatv 1A t 11 '-Ul jk,,*ly Ceonsidered as a structural
material tecause of its brittleness. hfowevecr, there are indications that brittle
substances such as glass can be ubed ý,ucccsitully at very high stress levels.
Tensilo strengths of the order of 1, 000, 000 psi have been reported for glass fibers.
The problem of making large structure- (4 glass strong has been at least partially
solved in recent years by methtxib that are not applicable to ductile metals.

Cracks in giass stairt from suifacc flaws, and surfaces cannot be protected
from abrasion when in scrvice, Consequntly, the approach to high strength has
been to place the surface in a state (it high residual compressive stress. Pre-
stressing of surfaces is an old art, but its full potential has never been realized.
Numerous experiments have established that glass behaves elastically up to stres-
ses of the order of one-half million pounds per square inch. Thus, it is theoretically
possible to induce favorable residual btresses of this magnitude in surface layers.

Several methods for prestressing glass have been devised. The three
general processes in use are: (1) chilling the surface layers of hot glass, (2) en-
casing a hot glass object in another glass having a lower coefficient of expansion,
and (3) diffusing a large ion into the surface layer. The first method is the oldest.
It is accomplished bý cooling the surface layer below the temperature of the interior.
This causes a tensile stress to develop in the surface and the glass, which is still
above the softening te nperature, ýAill flow under the action of the stress. The
surface layer is thus stretched so that it is longer than it should be to fit over the
unstretched core of material, but nevertheless, it must remain in physical contact
with the interior portion during and after cool rng. When thermal equilibitium is
finally reached at ambient tpmperature, the surface layer is forced to occupy a
smaller area than it wou-d if it were free from the core. Thus, there is established
a surface compressive stress, the magnitude of which may reach a value as high
as 20, 000 psi. Fracture cannot occur by sarface flaw growth until the service
stress exceeds the residual stress.

In the second method, a glass object is coated while hot with a thin layer of
another glass having a higher coefficient of expansion. While the temperature is
above the softening point of either glass, flow can occur to relax any stress that
might develop. At lower temperatures, however, the interior portion contracts
more with decreasing temperature than does the outer layer, and this causes sutr-
face compressive stresses to develop. It is theoretically possible to induce higher
stresses in glass objects by this method than by the surface chilling process, but is
more complicated to execute and more difficult to control. However, this principle
has been used with gTeat success for strengthening ceramic bodies, Glass coating
of pclycrystalline ceramic objects to produce superior strength is receiving in-
creasing attention. Greater differences in coefficients of expansion exist with
glJass-coramic composites than is possible or practical to attain with glass-glass
structures, and so higher surface stresses are possible. It is within the realm of
possibility for such stresses to rcach 500, 000 psi, but such high values have not



yet been realized. The future promise is great, however, because even at this
early stage of development, tests on bulk samples having strengths of 240, 000 psi
have been reported (14) and dinnerware with a strength of about 40,000 psi is
already in commercial production.

An ion exchange method has also been developed for providing surface
compressive stresses (i5). This process involves the exchange of small lithium
ions by the larger sodium or potassium ions in a surface layer several thousandths
of an inch deep. The exchange is made over a period of several nours at about
4000C, a temperature too low for stress relief, Products already in production
have flectural strengths in service that exceed 50, 000 psi.

There are good reasons to believe that bulk glass objects having tensile
strengths of several hundred thousand pounds per square inch will soon become
available.

I
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DESARROLLO Y PLAVN DE ACTIVIDADES DEL LABORATORIO DE
F~fNDJCION DEL INsTrrUTO DE T¶L"CNOL(Y3IA Y QWRTUICA DE r.A

FACtILITAD DE INGENIFRIA Y AGRIMENSURA DE LA UNIVERSIDAD
Th~' CS A "~ 1'. VT? wT ý V -.--ý A

xJz,&u ldrxt OR~IENTAL~ DE~L URtUGUAY

por

Alionso Gaggero y Bias Melissari

1. Necesidades do z.seso-aITr.ren~o tdcnico v control do laboratorio_para La
Industria de la 1Fundicidn de Met~ales en el Uroguay.

1. 1. Situacidn actual do la Industaria do la Fundicifn de MetaLes.

Es dtffcil concrotar con cifras la situacidn de la industria de la fundicift
en el Uruguay. Los datos oficiales ml-s reclentes que hemos podido obtener sonl
Los quo suministra ]a Direccifn do Indus~trias, datan de 1960 y son muy incomple
tos. No obstanto, a los efoctos de dar itua idea de la inagnitud de esa industria
en el Uruguay, proporcionaremos a~gunas cifras a las que henios Ilegado recu-
rriendo a diversas fuentes de informacidn y- condensando los prilneros resulta-
dos de un relevamiento tWcnico de fundic~iones que inicid nuestro Departaniento
hace aliguos moses y esperamos proseguir hasta conciuirlo, pues resultard muy
util para la labor que nos proponemos restlizar.

Es muy protiable quo una vez conciufdo dicho censo Las cifras que se obten
gari scan distiintas de las quo daremos ahora, pero eon toda seguridad no modifica
r~n la idea quo con ellas daronios acerca de la magnitud. do la industria do la fun-
dicidn en nuestro pafs.

Los datos so refieren exclusivamente a Montevideo y sus airededores, gi-
ganle cabeza industrial del pars, dentro do lo que puede l~amarse gigante en un
paffi pequefto, de industria nietaltirgica afin incipiente, quo corece de recursos na
turales econdminianiente- convenlontes para sustentarla.

Existen unos 30 establecimientos donde so funden metales ferrosos, inclu
vondo ontre ellos 5 p.,erten~cientes a organismos estatales. Esos estabiecimien-
tos dan ocupaciftn a 700 obreros, si computanmos como tales Los quo trabajan en
11 propio taller do fwiduicin, en moideo, fusidn, rebabado, etc., peor dejanios de
lado todos los quo so cIc01pa n cl a terminacitin do las piezas, maquinado, ensani-
blado, etc. La producelfn global puede estiniarso en 10. 000 toneladas anuales do
fuwidifn6n, acero y aleaclones ferrosas de todo tipo. En esos estabiecimientos hay
cerca do 40 hornos do cubilote, cdn una capacidad de produccift total do 55 tonela
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das por hora, do,, converltldorcs, un horn~o Siem~ens Martfh y cuatra hornos olde-

tricos de arco do diversos tipos para la produccidni do fundicidn y acoros especia

Si dejamos de lado arquellos establecimientos que prcducon lingotes de
acero paira lamlnacidn, quo emplean para ello lingoteras metglloas, Ia mayor
parto fabrica piezas colando en moldes de tierra arcillosa excepcicmalniente sintd
tica, con un control de laboratorio que s~lo se ileva a cabo en tres de los estable-
cirnientos mas importantes.

La gran mayorth, de las fundiciones do forrosos son dirigiclas por personas
del oflojo coni larga. experiencia, siondo muy pocas las quo cuentan con el asesora
miento de un tdcnico do nivel universltario.

Hay airedodor de 100 establecimientos donde se funden plezas de metales
no ferrosos, incluyendo alguxios dcmdc osta operacidn se hace adenids de la fundi

id~n de ferrosos. En la mayorr de los cafsos se trata de pequaftos taileres don-
do trabajan rnonos de 5 obreros. En total ocupa, exciusivamente en La parte do
fundicidn, cerca do 500 obreros y se estirna Ia produccifn total en 4000 toneladas
anualos de aleaciones no ferrosas.

En su gran mayorfIa estos talleres estan niuy poco tecnlficados, trabajan
con tierras naturales con una preparacif Onmuy elemental y sin control algumo de
laboratorio. Sin embargo, existen alg,'nas fandiciones donde so trabaja con tierra
sintdtica controlada, c mocluso con mdtodosl mdquinas y matoriales de moldeo es-
peciales, mds avanzados. En algunois estabiccimientos se fabrican plezas por el
proceso de inyeccidn, existiendo en el pafs alreddfdor de una docena do mO-4uui:8
para fundicidn por inyecci6n. En 1o quo respecta a Ia fusidn, Ia gran mayorfa Ia
Ileva a cabo en hornos do crisol do pozo o volcables, a gas oil, pero hay algunos
hornos oldctricos de induccidn en funcionanijento en las fundicionos del pafs.

Las condiciones tWcnicas de trabajo do ostos tallores son sintilares a las
de las fundiciones de hierro y acero.

Creemos habor dado con estos datos una idea do Ia niagnitud actual de Ia
industria do Ia fundicidn en el Lruguay. Como podra obsorvarse, es limitada en
cuanto a produccidn, y mds adn en cuanto q su desenvolvimiento tdcnico. La pri
mero se explica porque doblw servir a un mercaddo consiumidor restringido, La ox-
portacidn en las cotidiciones aetibales es prdceticamento Iniposible y .puedon verse
m'icbos talleres falbrlcando pie-7as sirni1g~re, C'onkpitlendo on una plaza ya satura
da, lo quo fiamaeinte resullta en un encarccimfrento notable por La inroensa varne-
dad de piez-as y la- oequefia cantidad de cada una do ollas quo dobo fabricar cada in

dustrial.

* ~~Evidentemente esta situacidn dificulta el pWe~o ~nico de Las fundicio-
nesq. Es diffbil hacer comprendc-r al industrial., aprewiado por los problernas de
abatimieiito de costo, ]as ventajas quo puede reportarle una .;nversifn a relativa-
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mento largo plazo ccino lo ser' M ima maaror tecniiicacidn deou ein L~proL'a.

*i. I1nc(,1'\cakenLcs derivadois del .flbuliciente asesoramiento tdcnico y
ccnrWai de lahoratoriu exi~Lonte eiu Ias fundicioneis.

La- ihadacui4da asistericia. Ldcuica do la rnayorta de las fundicionos da lugar
aiia ,erie tie probic~mis. No n~e exnpleani los materiales imas adecuados tanto paý

-a CA r~uldeo como para lx tusi&t, fo qtie da lugar a un enearecimiento y unfa cali-
owc qu~e no es sleropre la indi deseabie. Esto as aplicable a Los materiales de

tr(.1000, la carga de los hornos do fusidn, Los matoriales agregados al metal fundi
GO0, etc.

El elevado porcerntaje cie iuiezm; do recliazo nos ha-bla de los perjiucios que
j~rovcoca la comibinacidn de la serie de factores,

El perjuicio eectntmico se agrava oespuds de un ccnsiderable trabajo roecl
nico &cdjre las piezas, luego del cual so observan "Los defectos que con la pieza tal
coino sale de la Wudidcidts no so denotan.

El control doe laboratorio posibilita el mantonimiento, do an nivel de calidaC'
i~iaccesible de otro nod--;, por lo que ýa carencia del mismo atenta. contra la cali-
dad que debe e.-igirse a la produccidi., de twa industria, progresista. En aquellos
lugares do-ide ýýatualnspnte be prac-Lica pueden ob~ervarse resultados satis-factorios,

1.*3. Necesidad de centrali,7ar el asesoramiento tdcnico do laboeatorio a Las fun-.
dicionos y conveniencia de des-arrollar a esos efectos el Laboratorio de
F~uidicidn del Departaimento de Metales del Instituto de Tecnologra y Qufmi
ca dJo la Facultad de Ingenierfa y Agrimensura.

Demotstrada la convenlencia de dotar a las f!nidicicnes de un adecuado ase-
Lboramiento tdcnico de lahoratorio, surge la necesiciad de centralizar el mismo en
algfuna inistitacift pdblica o privada capacitada para ello.

No es posible exigir que cada taller tenga su equipo y persona capaz de ase
sorarla. Hicinfos notar la grai, cantidad de pequeflas enpresas que existen, en Las
cuales resulta- obviamenter antiecondmica la contratacidn de un tdcnico. En Los es-
tablecimientos que cuentar, con vicho Wdcnico, pocas veces se justifica la inversidn
que sigiiifica un costoso equipo de laboratorto y ademds Los problemas de produc-
cift ocupan la mayor parte del tiempo del tdcnico, impididndole encarar con la
tranquilidad suficlento Los problemas quo no ILegan a detener la produccidn pero la

afectan desde el punto de vista de la calidad o la econom-r.

Centralizando la labor de asesoramionto, es mins posible contar con los me
dio, sulicientes como para poder disncaer de un equipo huinano y tecnico especlali
zado, que pueda. trabajar con mgs tranquilidad en Los probleinas quo so le planteen.
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En los Pafees inidustrializados es posible dejar librada era tarea a la 214-
ciaLiva privada, no as! en el nuestro donde eso signffica inevitablernente Una fuer

te~~~-. ---e~ a ylarg I-a--, prevla un-,- canmpaffta de orientaci~n del industrial
y jerarquizaci~iu del organismo asesor, que ningdn particular estari'a dispuesto a
emprender.

Por tal tnotivo es que debe cumplir esa tarea un organisino piblbico, que
cuente con antecedentes en ese tipo de trabajo y diIspcrga del material humano y
de Laboratorio lInpreschidibLe para, ello.

El Institato de TecnoLogfa y Quflnlca do la Facultad de Ingetiierfh. y Agri-
mensura redne Las condiciones nds adecuadas para, prostar el asesoramiento td 'c
Moco que requieren Las fundiciones, a travds de su Departainento de MetaLes.

El Instituto de Tecnologfa y Qufrnica tiene, adenifts de Las Labores docen-
tes que cuniple, con las disciplinas afiWes a sus, funciones, la, risidn de prestar
asistencia tecnica a la ixidustria a travds de sus cuatro delartamentos: inetales,
cergrnica y pLdsticos, textiles y productos celuldsicos y ang1isis tdonicos.

En ese sentido, tiene ya, una, larga tradicidui de coLaboracidn con industria.
les y tdcnicos quo a t61 se, dirigen pa~ra buscar datos bifoliogrdificos referentes, a In
probleina, pedir recomendaciones o ensayos adocuados, etc.

El Departamento de Metales, quo estaba equipado fund.arrentalmente para
la reaLizacidn de a~gunos trabajos metalogrdfico:3 y do tr.atamientos tdrnAic~os, re
sultaba as! el indicado para, prestar la asistencia, te-cnica que Pud~eran requerir
las fundlciones, siompre quo so consiguiera dotarLo del Laboratorlo, de Fundicidn
necesario para eLLo.

2. Asistencla Tdcnica recibida de la Aepgblica Federal do Alemanla,
para el desarrollo del Laboratorlo de Pundicidn.

2.1. Gestionos realizadas para ol dosarrollo del Laboratorlo do Fundlcidn que
dieron lugar a la prestacidn de Asistoncia Tecnica, por parte del Gobierno
de la Repdblica, Federal de Aleniania.

Desdo su creaci~n , el Departamonto de Motalos tratd por todos Los iL.-.%dios
de poder disponer do un laborastarlo para estudiar probleinas de fwxlici6n, y coni-
tar con personal entronado para poder trabajar con ese laboratorio. A esos efec
tos so insisti6 ante Las autoridades universitarias en procura de Los inedios neca--
sari as y se establecid un contacto, con alunmos do los estableclimientos IndB impo~r
tar~tcs del raino a los efectos do sondear la colaboracidn que eflos podrfan prestar
en caso do conicretarse en algd~n momento osas aspiraclonos.
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Los probletnas ecwidiricos y i-i~s iecetvladcs IrAE zprcoiaiiatee- del Lnstitdto
al cual perteacco el DefsartamcitLo lac~coi pLr~g-ado lot, proycctots. SMio se Pudo
c.o; i ar coý. la c ý--lb o-,-q(!i-61 d e un 1-, 4.1-fJAC.-, Lo dou IOdl equIpu de ±wtayo de
ti~rras de n.-I.lc~co cel- el cual ci j.-crb~nal cel Pcpartamrezito hizo algwias experien-
Wias et 050 camlpo.

A los efecto5 de acelerar eli1. roc -so do detsarrollo del Laboratorio se soli
cit,, por hitermediu ce b01 of~ e1LaLeiei t'cro parb,, la cooperaci~n de Or
gavflimios Iiiterinacioitalob y jtaC;Ot * (Ic g-rai. (-c-rarrollo iWfL trila que sue-len pres
L.r t.c.1aLoraci~ii ei, ebAob a0.

Reopoi'diclido a Iseed' pfido, el C3oLderi o Cie ]a 1.'Cpdbiica Federal de Ale
ma-a1Ja, rosolvid djoitar oqtij (, 1 ara ci e.LLwibio do tiorras do moldeo para fundicifn
do i-retaleL, y eliviar dor, expcrtor quo vonidrfaln a cnLronar al personal do laborato
rio en el einpleo dlei l ibiro y Liu aplicac--&- a lob, problc-nias P"-oionaies.

Duraij 1'3 un viaje que realizeara a E,; ropa el J eie- (oe Departarnento de Meta
les,) tuvo oportwaicad 00 coi'ocer a two deC toz expcrto,ý, ei Dr. Neumann y discutilr
con 61 acerca del equipo quo el Gobierno alcrn~k r'royectaba enviar. Si bien no fud
posible conteniplar algunas sugerencias realizadas en esa oportunidad, este inter-
cambio Mi lugar a una importainte amnpllaci6n en la donacidn efectuada y la mits
ampia colaboracidn del experto, en los probleinas quo desde aquf le planiteanios.

2.21. Equipo doriado por el Gobierno Alem~n ta~ra la instalacidn de un
iaboratorio do crtnay o do tierrab do mroideo.

A 103 efoctos de tener una idea do ia,ý po~ibiidades del equipo que donara
el Gobierno Alemdn al Laboratorio de Fundicidn, detallareinos los elenientos que
lo componeri.

1. Aparato para dotorminacidn rapida do humodad, cor, ldrnpara infra-
roja.

2. Aparato para deterininar contenido de materiales finos, con agita-
dor, calef actor y soporte.

3. Aparato para hacer el andlisis granulomdtrico de arenas, con vibra
dor y cmnco tamices.

4. Compactador para la preparacidn de probetas ejifltdricas.
5. Aparato para el ensayo do permeabilidad.
6. Aparato para ensayos do resistencia, con mordazas para conipre-

bidyF y codte.

7. Aparato para determinar la resistencia a la traccidn en verde.I
8. Aparato de Enslin para deternilnar la hinchabilidad de arcillas.
9. Aparato para la determinaci6n de gases producidos por los materia

los. do i,1ioldeo, con un horno do combustidn para temperaturas hasta
I 4QO00C, plr6wietro terno-.eldctrico, navecillas y tubos de coinbus-
ti6n do porcelana.
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10. Aparato G. Fischer para la determlnaclin del dres supOrficial on-
peifica do arenas do base.

11. Aparato G. Fluchor para determinar la capackdad do abworclia do
agua do arenas do base.

12. Aparato mira inedida do dare-a- de tiW-1Aa~ doAW moldeo.

13. Consist6znetror Haake, para hacer determinaclonoo Me~Ian (reals-
tencla, viscooidad, etc. ) de distintos matorlales.

14. Estufa lion regulacldui automittlca do tomperatura bast& 3000C.
15. Horno, do inufla de alta tomperatura, hasta 20000CO con transfor-

mador y accosorlos do control, do 40 MW
16. M.ioroscopla binocular.
17. Mezcladora ele laboratorlo para tierrax sLuttticas y do noyas, ocW

cidad 4 kg.
i8. Mezcladora do taller para proparacldn do hasta 50 1 do tierra, con

vagoneta dd transporto.
19. Molino, do Muelas G. Fischer tipo Simpson para laboratorio.
20. Dalanza do procil~ai tipo, treliouchot con capacldad 200 g.
21. Balanza do precisidn tipo trebouwhet con capacidad 5000 g.
22. Juogo completo do tainicos, do acuerd-o a la norma DIN 1171.
23. Extractor do muestras.

El equipo croeemos quo todavfli puedo ampiarse, atn dentro do la donacldn
alewama, puev los inismoB expertos solicitarcs el cnvfo do diversos dlaposltivoo
quo agregados a los aparatos ya raolbidos permiten la ejecuclda do una eerie do
anaayos importantes para el estudio do materiale. do necklmo,, como, ser resisto!n
*cia a la flexldni, peruieabilidad en soco,, poruteabilidad an callentev etc.

Con motivo, do no haber sido todav1& fabricado, para, su comerclaltzAcldn,
no puiximos recibir el aparato, para doterminar la resistencla en dmodo, do tierras
do moldeo, on verde. No obstais.e loo' oxpertos trajerom consigo uni aparato costs-
trumdo y enipleado on las labmctorlos do Glossorel. Institut do AachenL por xw
creadoros, al s~lo efecto de ontrenar al personal on e1 emplco del mismo, cont Is
poislbIlIdad do quo so logre e1 envtb del aprato una you quo so usacuetro disponi-
ble an el comerclo.

Es importanto pcxier aqut do manilfiesto quo oste aparato so ample% para do
termn3iar una propledad quo corrientemente, en l~a bibliograffk y l~a tdcalca. ameri-
cana, no se crupica. El concepto, I& deternulnaciW y ]a in~ortancia do ca& propAR
dad on el estudlo, do las tierras do moldeo tiono origen on Ian labotraorlos de1
Glessoreilastitut, do doudc- proceden los dos oxpertoo envisdos por .l Gobierno
Alemgn.

2.3. Programa desarrollado, por lov expertos aleunanes.

La labor desarroiiada pcfr los expertos alemanos Dr. Ing., F. Neumann y
Dipl. Ing. H. G. Tramnp fud para noisotroB do gra~n interes y utilida. ft el breve



perrmxlo tie t-ma (Jiciaro)xt wi curtwlo biertcnvo, puf-ierof a purit' alginos in~s-
VtA"mej'Loa., .oi~t'rolaro!' two. el eqaipo, n~os in~striyerozi en algivios aspectos espe-
uAulev OeiI'j--r u* jai;~odl:,jiLarpncnai, nos ayudaron y orientaron en la puesta
on~ xarclha del laborator) o y vinitaron algtwais fundicionef! ei-. MoA1~exideo W ro
poriaonaroiý LamLidiefl io~rmxaci~i cieraffica niuy valiosa extractada de 1of. mdS re-
oci.'teb LTra.bajo~i. Lobre odoxi acpaGllot) re-Aizdi 'en!c i Ahimania y em especial en el
Gim;:,crei Ji..diL4 de Aachmr.

El curidAlo dictitdo vers6 toh~re "IMAteririleo do Mol0doo para k'undicidn., Elus
Pro;.iedade j Enamyoifl. Unti-ui nario ckiq~ie-ntA~io ae los teinas desarrolladv2 es

1*o 1'ro ie:,i Oe iat.; ami)ar, aglormr~i.-ites y' su enesayo.
2. Propiedadeý. 6a laýb Lilerra:_ de rnokleo con aglo.merante arcilloro y

L~u er'iayo.
J)60(4ob t ,a piczaz. funididab ocanmicmadL por C.1 material de M.ol

deo.
4. Yia~erialez: d,- ;enAdeo con agloyrieraitte i'o arcilloso y especia-les.

L. ~ 1 Adiv- -La hz. Ulaer s de i'iokieo, -eaadores, revestimici'
tOES.

6. Con-Aliaci&i: (to lnf; ri~todo:- do c-'-tayo( ~'rndE.~ iane

De~pertarox'i mv x',o i.L,!erd, ey-tre los te~l'az tratadcs aigurno r-oro los
.,P). Lr'3&C0loa~ii.Ls a contirmvici6i por 'Pa. de e~elnplo: dentro del Captfbilo 1 se puFso
c;Lpe(uial diifasi6 en la oe~errninacidu de area superficial especifica mediaL'te el en-
,;avo do aisorci6ii de azavl de inatiler'o y sa viniealaotit~ i el contenido de montino
rilouiita en la a•ia.

By, ci capftlto f. se iv-trodujo el ecomcepto den~mimbado "reslateacia en haine
00" do la6 tierrar3, ce mincder', es decir la z-etistezicia a la tracci~n de la Rlamxada
zo-.)a de condemnaci&Cz q6 zaC la zoa mIns d~bil. del inolde y caya resisteocia hitere
sa por tanto obtener coio fliMice ae susceptibilidad a los defectoe.

ksteres6 tambift n erose capftulo el estudio de los efectos de la activaclid
,ja carboitaito do sodio fsobre laE r'ropitedades de las tierras de moldeo y en espe-
cial tiol..re la "resistencia- en hlmedo" que perniite determiniar el grado de activa-
cidn de UL!J tieri-a y establecer el agregado de carbonato de sodio requerido para
lograr la acti vacift 6ptizia.

Eu el ca .ttijlo .; Ee prer~tM especial atenci6n a los defectos derivados de la
c.qa-d, de lIa derra d6 enoldeo y su vincalacidn con la. "Resistencia en hdmaedo"l
y lob esfbuerzo.- tIe compjresi&i

En ell capft~ilo, 4 (eE4ertaror. aebpecial binterds en el pdblico asistente algu-
iiaL. iin!orracione.. ,;O~ve p~roceSOS e.~,pcialeeu, por ejemplo sobre el rnoldeo coy,
area-mi. oan ceronw'.o p,(,;tJiaiCe, el procebo (le enidurecimiento con C02, proceso
Ci-oning, proceso 51 aw,, vidtodos a cera perdida, etc.
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id (A2. ,~iio fubrol e,,, .ct31Lal!-crste i~~'t~&~ crcc i3l dctI(;O tie Laf. furtdicio

:-CL, CfOb~ rofeE:lonaleE y estudianWL-.

Se co,.icO coi. uria ariltctncia que, dada la fdlde y crpccializacidr. del teuma
4,Zrip (10C IC4 AlC-ýj; -lec.'~iv e ur Im-rvir o; ua durai'te 1 ~b

p-ext cur 't.ideram~e elev'ada.

L~os tdcaicos de la industria encontraron surnamonte intcre~aŽ. AL el cu,-r~o,
Ocl, c_ý1 poxiicron toxuar ;&,)evas ideas y que lefc perxnit~i6 conocer md'&cidos y eWeiu-
dioý, que i.o le~c eran faix~i~are-e y quf3 en algunoz cacos C-on de muy recle.itc rcali
ZaCiM-z, L-cLIy-er.do alguno.s trabajos indditos todavft.

5ic reciiizd tanmbif. uia clase pr~ctica de;-..oralidva e;, ci Jai-o~ratorio cC1i_:o
CO11I..LCJ~Odel cur.-illo.

El Dr. Neumara.- dictd adexnls una confermctia lsobrc £w~id,' ei. doml e ell~
!AlicLc quc de,,4pertd up, iýwwiderable interes.

La tarea £w:.daxental desarrollada por nuestros di rVtidoEit, vfttalites coi..
UljrL ei, trab'ajar er nuestro laboratorio conjuntamente coit tre,. docentos y un, o;-

,Lidlaiate becario ce Luerstro frtstituto, entreiidndonoc en el exrplec Oel Pnuevo labora
ýOric.

Be iLdiciaron. Lanrbida e.,tadios sobre uma. tierra natural empleada en alguiwa,
:iitdlclitcez.; L~obro u~aa Lieri-a tintetica que preparamos con jtwa beiitc;*ita iuipcrta.
cia c,ý vuso un ulha f a'cdicitii. local.

Se hiciercon taxnbidi, algunos estudios prelirninarcw- cobre una arcflla Monxt-
mror.floi-Attica, extraftia de uri yacirniento nacional. Los primrncro rezultados obtexi
doc. -mI aleittadoroc p'zeE muestra muy buenas propieclade.-, supceric'res. a las de la
L.ex 'ciita importada, ensayz.da, y se logra una marcada activacifn ccx carbonate cc

Progza&_,na de AsL..,e.cia Tdcnica a la, Thduk~trla por el Laboratorio de
7 ndlcid'i de Metales

El I±'stltuto do TecntolcrgIf y Qufn31ca al cual pertenece este L!aboratorio,
(gc.barruAla [,a f aue-icier furidainentalmente on los siguientes canxpos: a) docencia;
it) frv~~c ;c) realizacidn de los ensayos que so le solicitan; d) asesorarnienI tLo en prohlmcas eispceiales, particularmente aquellos que rcquieren esfudios y tra
bajocs d#. iabaratorio para ,or dilucidados.

Todaz, etau u-txJalicdace,_ de zu activ-ktad permiten prcbtar asistencia tescni-



ca a la industria nacional directa o Indirectamente.

Nos proponemos desarrollar esas actividades en el nuevo Laboratorio dan
do natural mente especial dnfasia por el inomento a aquellos aspectos de la tdcni-

(1d,, la Fundicidn para cuyo estudlo estamos mejor equipados en la actualidad.

Por ese motivo pensames iniciar trabajos referentes a materialos de mol
deo pa ra cuyo estudio contamos fundamentalmente con el Jnstrzimental donado por
(-I Gohiorno de ]a ReptIblica Federal de Alemanla.

Pasamos a describir el plan de trabajo estructurado sobre estas bases.

:i.1. Estudlo de Las tierras de moldeo empleadas en el Uruguay.

3.1.1. Examen en Las condicionos de utilizaci6n.

Unas pocas fundiciones del Uruguay poseen algunos aparatos de ensayo de
tierak de moldeo con los cuales pueden efectuar determinaciones do humodad,
r~esi 8tencia y permeabilidad do las tierras en las condiciones do utilizaci~n . En
esas Jundiclones es convoniente quo esos ensayos do control sean efoctuados en
sus propbios laboratorios.

La rnayorila do las fundicionos de nuestro pars no poseen este tipo do apara
tos. En ese caso nuestro laboratorio podrfa tomar a su cargo la realizaoi6n do
los ensayos do control quo se le encomiendon modiante el pago do tarifas apropia-
das.

Si bien pensamos quo varias fundiciones del Uruguay podr!~n bonefiolarse
c on la instalacl6n do un laboratorio elemental do control do tierras do moldeo pa-
ra ]a cual prestaremos asesoramiento, debe tenerse on cuenta quo para muohas

~equoftas fundiciones no so justifica la inversl6n respootiva y en ciertos casos no
se t'uenta, con personal iddneo disponible para efectuar los ensayos do control. En
estos casos pueden rocurrir m~s econ6micamento a of ectuar esos ensayos en nues
tra Facultad en la, forma ya mencionada.

Por otra parte considoramos quo nuestro Instituto debe tomar iniciativa en
efectuar un ostudio do las caracterfsticas predominantes en Las tierras actualmen
to utilizadas para moldoar en nuostras fundicionos.

Los primoros onsayos realizados muostran quo on muchos casos las tie-
rras utilizadas no son apropiadas o son ompleadas apartdndose mucho do ]as con
(Ii o.iones 6ptimas, sea por el emploo do arcillas inapropladas, o no activadas ade
Cluadamente, o por el uso, do tiorras oxcosivamonte arcillosas, o do granulome-
ti-ta inapropiada, o por un contenido do hurnedad oxcesivo, eto.

3e tratard de rolacionar las caracterrsticas quo so determinen con los d(- -
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fectos que sic observan crn las piezao fundidas y de indicar las correccione~i quo
puedan hacersei a~. los materiales de moldco (even tualinente uu sustilticidu tvt?1) Y/o
1%.r tnrxiiicaclotkeu aconsejablev en los mdtodoti de prep irjCidp para mejorar aquc-
fla-- ea-rau cIrhr.icat; y a~vitarF Io6 delet;.Lot comiguiefltOs.

Para cumpllr con el propdafto enxlsciado concurrirepaus a lac- 1rifcipale.Li

fiaidiclones, ccii las cua.Iev ya hemos esta±blec-'do contacto en muLchoo3 ca$OL-,o,: ef
eofcto, y procoocreinor- a l~a extraccl6n de wuer~ras apropiadaL de laro tierrar- de
moldoo on uso eni cocidicionczo que per-nltan co;-servar ou htnredad hasta el riom-(
to del ensayo. Tratareraos tnambidn die efectua~r in situ Medidae do dureza de .c--
ties confeccionados con esa tierra do mc~e de poseer datoo; vincula-dos al grado Cie
co.-niactaclftn de l-a tier-ra en las ccildicic-ne.,- Oe u~llizaclOd, cosa quo influye comi~
aerablcmente sobro iaus proplodades meclnicac, perineabilidad, etc. , teniendo e~i
cuent~a quo los en~ayos se efectaan habitualmente en el laboratorio en condiciones
do compactacidn standard.

Lan muostrac tal como se retiran de las, fundicloner- orien sometidas Li fr.
ptrdlda dc tieznpo, a deterninacionero de hurnedad, permeabilidad, clensidad apa-
rcnte, con compactado L-tandard, resistencia a la compresift, al corte y a l~a trac
di~n, y resistencia. a l~a tracci6n on httmedo en cuanto podamos contar con el apara,
to respectivo.

Se dard preferencia al eotudio de las tierrav empleadafs para moldes en ver
do, que requieren caracterftticas m~s diffbiles de log-rar, Se ha observado una
oxcesiva tendencia a tra-bajar on seco con lae consiguientes mayores den~cras y
coc-tos en muchot; casos en que el trabajo en verde aeri rerfectamnente fL-cl.-blle
Lal ve-z dobido a qua las tierras onipleadas en verde no pofsean lac carac.-errstlcaa
tdiecuadas y dca lug-;r a1 defeclos que hayan desalentado con respecto a tiu exnpleo.
Trata-remos do cotixrr-ular azn mayor uso de nioldes en verde denmostrando la potsibi
lidad de logr-ar tlerra:ý qtc perinitan prescindir sin inccoivenientec del c-ecado del
xmolde en muchob casoL- epn que actualmcnte se on-,t efectaando.

3. 1.2". Examien do conotitucidn y otras deterininaciones quo no requicrep eniplear
la~s tierraEs en las condiciones de utljlzaci~i.

Sobre las muestrar; obt~enidaE en las fundiciones so realinar~1n poeterior-
meneto en el laboratorio determilnaciones de contenido do "arcfia"l (o me's bien di
cho de partfcuias finas, do rnenos de 0. 02 mm).

Sobre )~a fraccitin do arena sepa~rada on ose ensayo so eliectuardn determi-
nacionos do distrflbuciftn granuiom~trica, fuperficie especifica, grado de angulari
dad, absorcifn do agua, obxservacift de forma de granos al microscopio, compo-
sicifn qufmica (perdlda al rojo, sflice, d.xldo de hierro, CxIdo Cie calclo, etc.)

Sobre l~a fraccifn de I"arcililal so cfectuardn dotermilnaciones de composi-
ci6n qufinica y dc- ad.corcidn de azul do medileno.



Se c~;Ladiaidni los componedtes dc iao tierras hint~ticas y do Iat: r-"l1rales
toparando prevIanic-ite Ias fraccionos conpotientes do cfLa ditima.

0. 1. 3. Ei.Ldjo del comportamiento de iar, tiorras de xnoldeo mind utsadas en dis-
ii;,iasi -ondicionies y czl distiiniaE; miodificacionez,.

JhtcreLba estudiar el cfecto do diversas variables sobre las propiodades de
las ticrras de moldco utilizadas a fin do emploarlas on condicionos dptirnas.

Asfrpor ejexnplo para las tierras quo sc emplean on verde on conveniente
ccristruir curvas do propiedados (rosistencla a la compreb6~n, al corte, a la trac
ci6ni en verdel, a la traccidn "en hdmodo" en cuanto so disponga del aparato pama
esta ciisayo, pormeabilidad, densidad aparcinto con compactado standard) en fun-
ci6n~ C4l contenido de humodad, paramdtricarnento de los tiempos do amaiiado en
ci inolhiio niezclador. Un rcsultado inmediato do estozi:, eb~tudioe serfli la deterwin
nacidn del corntenido do hurnodad dptimo y ci tienipo do ainasado coiuvenicrite.

lIraeresa tairibidn ostudiar ci efecto del conteviudo do arcilla, do la graDiLo1
metrra, tipo y for±ina de grano do ita arena, grado do compactaci6ii, etc.

Otro aspocto quo noB Droponemos estudiar es el efecto do la activacifn,
cor-. car',onato de sodio por ejemplo, sobre !as dirjt~ir~as propiodader;. EEnto cstu-
dio podr-A realizarse ei. ifiucbo mejorer, condiciornes on! c~amto dispoiwaino& del
aparato para deterininaci6n do resistencla "Ier hidredo" con ai cuai- so deter mina
eficaznicnte la activaci~n de la arcilla.

-Estudios con-o ios mcncionados iinpiican tin volunien 'Ci traý,a~o expqeriinen
tal corividerable quo insimairlr. mucho tiemrpo, por lo cuzal se tratard de realizar
aquellos estudios quo eiL cada caso pretnonten. mayor Lritcrft en rolaci&~ OG las
coi~diciories de trabajo qle. prevalecen eii lars fnimc~ilones es'tucliadas y cor.1 ci Uipo
prodowninainte de defectoo debioos a ias tierras, tratar~do do determainar las c0-
rreccioiies, agrcgaeos, etc., quo sea mds cor~venier'te establecer en las tierras
de moldoo en uso.

3.1. 4. Estudio do defectos vinculados a las tierras de inoideo y su. corroceidn.

Gran parto c;e Ion defectoE quo L~e proCucen en ias piezaE, fundidaE; y quo
dan lugar a imporknitos pdrdidas ecoiidndcas, se deben a inadecuadas car-teterf-c
ticas de las tierras do nioideo.

Por ose ii.otivo cc'Pvercidrd ofectuar on cada caso un cuidadoso examion y
clasificacidn do los defecto& que so obnervan sobre las piezas fu~sdida.- tratando
die detornininar suiv cau aas i1.as probabics y onsayando rnodileaclcoies er iao tic-
rras toriedentos a tu corroccifn.

Para estos entudiion- ,,c fundirdn tainbifn pie zas deo ;'sayo con miodeios cf;
pecialeon conio ion cuploados en ei Giesseroil k-s~ti!t do Aachen, dise&-adm, riara
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~uI.' I.rL L~e i~ci~ca a producir defector, cc las tierras de mnoideo, cc! L cs
w-L~ecr.J.inrd lai mayor o mnexior forrnaei6r, co costras (incdida cim cm2:) dI t-~,

t-L de r".ta" (,!ucdidai en~ cm), etc. Sc ncxdrA cxperiaieitar asf el efccto (to . '

dO' I-aiic L.Lruduc ida- cii !a tierra sobre lai tendenclca a la F~roduccidi. (le Ccricc-

So in-vcstig'ard aof cl effocLo do parlmetros tales conic cl tatnafjo y tipo dc
arena ernpioada, ou grade cc angularidad, )a huineda-d do la tierra, su cnek
de arcilla, su preparacift (ticinpo de ama~sado, etc. ), el aggregado de aditivob ,-
r;no carbdn, bibtmen, ctc.

. .E~tudio do ýaclweiEAor, do m-atcrivJoic apropiados para Moldeo.

Ei rAucstro rafr. prxieomhia ci c-riplco do tierras nainralec, oderido rnuty 11-
niitacua Ia ut!ihizaclitl (c tLcr.rar, sintdtiaca.

En eir--tc ,u cto, vebermor. crstudigr en primer t~r-irnc jar. caracterdsotica-0
'Je lar, act~ialer. fle-lte do arrcvir4oui.amie.-io de laL cicce or&aidcsoo m),

L~ri~'le y 3Upo;ilde vqcjora por oportvuiars modtf.czcvccr. Debexroz tarnbi n ir-
vestigar otrosi yacirnientozi do !.Žejorefs ea;-actcrfstiar. o de meior abicaciM rerrocc
to a los centros de consaino, cosa quo j~o~rd hacerim en base a la colaborac-i6i, q~~c
puoda prestar el instituto Geol6fico y a ]a ayuda. do =n colaborador tdcni-4o delIn.i
tuto que posee exp~erlencia ei la bdsqueda do niateriales de este tipo cn base a datob
geoldgicos.

Estas tierrar5 Daturaleb en general sor- xpropiadac para trabajar en seco.
Scgdn ya se ha exp-resado, e-v nuestro, pafs existes una exagerada tendencia a traba
jar en seco; en realidad. entro las piezas usualmente producidas en nuestras fun-
diciones serfan rruy pocab las que exigirfa.n trabajar en seco. Pero para poder pa,
,jar a fundir en verde gran parte de los trabajos que actualmente se funden en seco,
E~e requaeririh contar cor-, tierra que cumpliera, requisitos mucho mds estrictos que
las tierras naturales hey or., uso. Serfa por Io tanto necesario modificar convenier
tewente esas tierras o encontrar yaciiniento-s de inejores propiedades, o emplear
tierra sintdtica.

Ent general consideramos que para trabajoe ei' verde de clerta dificultad y
para evitar inconveniontes cuando se moleea a m~qvina, rierfa preferible el emnpleo
do tierras, sintdticas.

En el Uruguay existe abundancia de arena sllfcea de buena calidad, que es
uno de los ingredientes bdslcos para esa5 tier-ras sinteticas, y en general no pare
ce necesario, realizar mayores investigaciones en reiacifn con este material.

En cambio, es rnuy poco lo que so conoce en cuanto a arcilias nacionaleL;
apropiadas para este uso.
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En alguna fundicift local so tLrabaja con tiorra sintdtica empleando bentopi
ta ftnportaaa.

Sin embargo en aigunos ensayos preliminaros efectuados en nuestro labora
tu; ic, F~obre unia arei'lia iLaciozuai que habit sido identificada anteriormente Como
unmt bentcnita con un elevado porcentaje de montmorillonita, pudo comprobarse quo
se lograban excelentes propiedades tecnoldgicas, especialinente, activ~ndola con
carbonato do sodio, y quo presumiblemente se trata do un material muy apropiado
para emplear en fundici6n.

Considoramos do gran intertns invostigar yacimientos do bontonita de la me
Jor calidad posiblo, as? ccm-o dc arcillas caolinfticas, illfticas, etc., tratando do
enccontrar yacimiertos pr6ximos al ccntro consumidor quo es basicamente Montovi
deo.

La1 bdsqueda de yacimientos so orientarl en base a datos geol6ticos. Las
muestras cxtrafdas serdn ensayadas en nuostro laboratorio determindndose su ca
pacidad de adsorci6n. de azul de metileno Como un primer mnecio do apreciar su
contonido en montmorillonita. Sc hardn ademdts los ensayos tocnol6gicos do per-
meabilidad, resistoncia, etc. , ornpleando mezclas con una arena silfcea standard
dc granulometrfa, angularidad, etc., bion determinadas.

En algunos casos que presenton especial inter~s podran ofoctuarse estudios
do estructura cristalina mediante difracci6n do rayos X con el concurso del Depar-
tamento del Estado S6lido del Instituto do Frsica quo posee el equipo y especializa-
ci6n requerida para ello.

3.3. Control do calidad do piezas fundidas y asesoramiento para su mejoramien
to.

Cualquier persona, firma o, entidad puede dirigirse a nuestro Dopartamen-
to, y medianto el pago do derechos de ensayo convenientemento, tarifados, ser
auxiliado en la comprobacifn do calidad do piezas fundidas.

Do la observaci6n do defectos superficialos visibles Como costras, colas
do rata, fisuras, dosprondimientos do molde, sopladuras, etc. , so puedon extraer
ciortas conclusiones quo orientari en la determinaci6n do la causa do estos defec-
t~os.

En ciertos casos scrd aconsejable la realizacidn do un ensayo no destruc-
tivo, inspeccift con partfculas magndticas, radiogrdficas, ultrasonidos, etc. , en
cuyo caso so dirigird al interesado al J-nstituto do Ensayo do Materiales do nuestra
F~icultad, quo so ocuparA do estos traba jos. So aconsejarft tambidn con respecto a
'as determinaciones qurmicas que convenga realizar, las cuales pueden ejecutarso
en el Departamento do Andlisis Tdcnicos do nuestro Instit-uto.
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Se (1arrIn tambidn lab indicatuirice- uecek~aviat: Iara lumiir probeta~r, adccua-
daL3 para los eiwa~yo8 mccednicosi quo jxuedcn efectuarbo en el Jnbtituto do En'a-yo dc

Ein algw'cot caso;. inttwcsa seecionar la pie?,a y obscrva.r suo flefectos inter
nos za;: comao conr"acciusvi, pre~ioa.i~ por gatses, )Iy(dusiones de escoria. et

a simpJm vhisa y .-on a,-7u(ia (1-A tnici Lnicupifl inctalog-r~tico. hntereý-ia taffibidl Mu-
cha! v oc b cerv_-r la ebtAl uctur z nettogr~tica verificanido por ejemplo el fi;ýo
Lie grafito obtenido en ana tuLadici6I g-ýi.i,, I.-. ot.zencift dc una fundicift perlftica,
etc. Este tipo de actividaxi va la cumple en la iz-tualidad nuestro laboratorio.

Los ostudios nienciotvaiios conducoii a l~a formulacifn (de recomnridacio:A.er
P~enerale~s tendientes a corregir 'to-, (efeeLos ohcr.:rvadots mod ificaiido It compo.d-i
ojidn o la eAtructara, actuando ,,(br~c lot- m!,ateriale.- de moldeo ernplea~doE, laJfor
ma de aliimentaci&n de la. pieza, lot, dezi oxdaittes y deogasificantes a eioplear, etc.

En algunos casos se tratard do dar reconiendacionets especificas entrando
asf al esbuido de probloinas especiales a que se hace referonicia en 3.7.

0.5. Preparacidn do alcaciones especialcs.

Disponomos de uiia pequeha pianta piloto equipada con dos hornos I
talentados con gas. Peciv a la~s lmirnueioneE do nuestro equipo actual, po.
jpreparar en poqueha escab. a.1gurtd.-. aloaciones, er~Ludiando mdtodos de ale"
(je~st k0cdacidn, desga.iificac-i6n, etc.

3.6. Estudio do procesos especiales.

Ciertos procebos especialesi son mnsuficientcmentoc conocidos en nuestro
medio por lo cual con~sideramos do interds estudiarlos y realizarlos en escala ex-
perimental con el fin de poner a punto las tdcnicas respectivaLb y luego difundir su
conocimiento en nuestro ainbiente.

En esto sentido podrfai experimentarse por ojomplo el moldeo con arenas
con cemrento portland, el proce.-o de eiidurecimiento con anhidrido carb6nico, el
proceso Craning o shell molding, el proceso Shaw, etc.

,,.7. Estudio de problerna.b e.,peciale~.q

Uno do loS ancto de _aistericia decnica. rn~t directa se presenta cuando
una fundicidn no& platate:i u~n iproletria espec~ial c~vucran, c-, ouya rebiolUCidn pcoda-
inor cmnplear las her-ramnicnas de quo dispenonomob actualmente.

El problema PiAit~eadO pucue Ler per ejcmplo la eli-miracift de un defecto



dc pcnctracifn del molde, quo ocurre en ciertaspiezas, la obtci'ci6i. de 1ioyo, !.jipo
CO.., par-. ana pieza dada con suilciento resistencia pero, con adecuada, colalisbili-
dad, etc.

Algunos de estos problemas especiales dardn lugar a una investigmcin Lai,
Lduite des.±rrollada en el laboratorio, quo eni algunos casos serd conmpleirtentadl4 conl
experienciatt. a la oscala do planta piloto.

3.. Asesoramiento para la. ixistalacift de laboratorios de control.

No es de interA~s efectuar Los ensayos de rutina, o, de control que lab propi,:L
fUndiciozies de irna cierta iniportancia paedan realizar por sf misnias. En este
senitido tratai c mos de estimular la creacidn de pequeflos laboratorios do control
de tierras de moldeo en 14L propia planta, reducidos al menos a las deterininacio
nes mds frecuentes de huinedad, permeabilidad y rosistencia.

A este fif isesorarftmos en la seleccidn o instalacidn del equipo y en la
puesta en marcha del laboratorio.

3.9. Capacitacifn de personal tecnico.

Proyoctamos desarrollar cursillos te6rico-prdcticos sobre distixitos aspec
tos de la tdcnica de la fundicidn destinados a profesionales y tecnicos de la indus-
tria y tambien a estudiantes de nuestra Facultad y a maestros de la Universidad
del Trabajo, centro de formacifn tecnico-artesanal de, nuestro, pafs.

Por ese medio, pensa nios que se prestard una asistencia W~cnica directa,
en lo quo tieno que ver con la f ormacidn especializada del personal superior dc la:;
industrias y tambidn indiroctamente, se actuard en el xnismo, sentido, contribuyendo,
a la for macifr. de nuestros futuros profesionales en el campo, que interesa a esa in
dustria y a la, foriuaci6n de aqaudlos que, tienen a su cargo la preparacidn de los
tdcnicos que deben practicar la artesanfa de la fundicidn y actuar en contacto di-
recto, con ella.
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0 INSTITUTO DE PESQUISAS TECNOLOGICAS DE SAO PAULO
E A SUA CONTRIBUICQAO PARA 0 DESENVOLVIMENTO

DA METALURGIA NO BRASIL

por Luiz C. Correa Da Silva*

1. INTRODU4QAO

A verdadeira liberapao dos parses pouco desenvckhidos somente se farm.
pelo incrernento substancial da sua producao, e da sua produtividade. Mesmo nos
parses essencialmente agrfcolas isso sornente serb. possrvel ap6s ser atingido, urn
nivel rnrnimo de industrializapao, muito, acima do que prevalece hoje para a
maioria das napoes. A industrializapao depende, sabidamente, da utilizapao in-
tens iva dos conhecimentos acurnulados da tecnologia dos rnateriais e processos
industriais. Assim sendo, as instituipoes devotadas a prornopao, do progresso
tecnol6gico, e muito especialmente os Institutos de Tecnologia, estao destinadas
a desempenhar urn papel essencial na industrializapao dos pafses em desemvol-
virnento, como 6 o caso da quase totalidade das napoes Latinoamericanas.

0 Instituto de Pesquisas Tecnol6gicas de Sao Paulo (I. P. T. ) teve (e con-
tinua a ter) urn papel. desisivo na industrializapao do Brasil. A contribuipao da'
Divisao de Metalurgia do I. P. T. para o progresso da metalurgia brasileira foi
especialmente importante. Visto que as condigoes e os problemas que existem
nos outros Parses da Arndrica Latina sao semeihantes as que prevalecem no
Brasil, parecem interessante a presentar a expcriencia do 1. P. T. , que poder6.
ser dItil noutros Pafses. A16m da simples apresentanao descritiva da instituipao
procuroa-se, a seguir, fazer uma an~.lise sistemd.tica da motivapao e da apao, da
mesma, corn o objetivo de reunir elementos que possam vir a constituir as bases
de urna "filosofia' ou "ipolitical' para os In~stitutos de Tecnologia dos parses em
desenviolvimento.

A anO lise do papel de uma instituipao corno o 1. P. T. precis a ser feita
decornpondo o problema nos seus elementos e exarninando seus v~.rios aspectosI

*Chefe da Divisao de Metalurgia do InstitLto d~e Pesquisas Tecnol6gicas - Sao
Paulo, Brasil; e Professor das Disciplinas de Siderurgia e Ffsico-qufrnica
Metaldrgica da Escola Politdcnica da Universidade~de Sao Paulo.
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de diversos pontos de vista. Isto 6, particularmente importante quando se obser-
yam as dificuldades e erros de compreensao, das L.egftimas finalidades e atividades
cie instituipoes desse tlpo, nos pafses em desenvolvimento.

A ,n-cAA---. AV -- n dados aimere objetivos, a Jutfcaia 08
rn6todos de trabal~ho e os recursos ou meios de que urn Instituto, como, o 1. P. T.
pode lanpar mao. Deve tambem considerar os aspectos tdcno-cientfficos, ad-
ministrativos, financeiros, operacionals, hist6ricos, geogrftficos, nacionais e
sociais da apao da entidade.

E o que se tenta fazer a seguir, numa ar.Alise geral do problerna, exem-
plificada quando oportuno, corn informavoes sobre a Divrisao de Metalurgia (DI-
MET) do 1. P. T. Esta 6 analisada como uma estrutura (organismo, entidade)
que usando cert~os mejos (recursos, fatores) de acordo corn certos mdtodos (mo
dos de apao) opera (trat'alha) para atingir determinado'3 objetivos (resultados,
prop6sitos).

2. OBJETIVOS DO I. P. T.

Os objetivos de uma entidade como o 1. P. T. precisaln ser cuidadc~samente
analisados. Caso contrdrio, hA. o perigo de dirigir as atividades para dire poes jim-
proffquas ou injustificg~veis. Tais objetivos sao de diversas ordens: objetivos
ditimos, mediatos e imediatos.

2.1. Objetivos ditirnos

Os objetivos it-ilimos do I. P. T. se reumen corno segue: contribuir para o
progresso rdpido da t6cnica e da inddstria no P ifs.

Nao resta ddvida que a DIMET do I. P. T. ve.in cumprindo esta sua missao
primordial. Nao, faltam provas disto. Exemplos serao detaihados no correr
deste, trabaiho.

2.2. Objetivos mediatos

0 desenvolvimento industrial requer numerosos fatores para efetivar-se:
rnatdrias primas; transportes; energia; mao de obra especializada; conheci-
mento tdcnico ("know-how"); financiamento; leis e regularnentos favorgiveis;
capacidades de planejamenw, organizapao. e admimistrapao.
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Os Institutos de Tecnologia podern contribuir eficazmente para que se tor-

nern disponfveis diversos dos fatores acima.

OInstituto de Peosquisas TecnVi Leas (I. P. 27.), entidade aut~rquic?- do
Governo do Estado de Sao Paulo, 6 urna instituipao que visa prestcte, direta Uu
indiretamente, ampla assistencia a inddstria e a ingenharia, no Estado e no Pairs,
prociurando, atravds da divulgacao e da apllcapao dos mais modernos conheci-
mentos clentfficos e tecnol6gicos, contribuir para o seu desenvoivirnento, orlen-
tando-:3e sempre pelo princfplo da precedencla dos interesses da coletividade
sobre os de pessoas ou empresas.

Os objetivos mediatos da DIMET do I. P. T., ou sejani. os objetivos inter-
rnedidrios que precisa atingir para cumprir a sua missao, decorrern do que acirna
se disse e sao os seguintes:

a. estiznular e apolar o desenvolvimento da indilatria metaltirgica nos seus
diversos setores e estAgios (Fig. 1).

b. auxiliar no desenvolvion~zTo das inddstrias rnecanlca, eI-trica, qufmica e
de construfao civil naqullo em que as mesmas dependam. de tecuologia
metalurgica (Fig, 2).

A incblstria rnetaldlrgica de urn Pafs novo requer, para se edesenvolver,
urn apoio tecnol6gico eficaz aos seus mdItiplos setores e estagios, exigindo a
existencia de equlpes de especlalistas devotados a captapao de '%niow-how" jA.
existente em outros pafses ou a crlapao de "know-how" pr6prio para aplicapao
local.

Sabidamente, tambern as indtlstrias que dependern diretamente da utilizrpao
de materiais met,.Iicos (vide Fig. 20) necessitam, de apoio semelbante. A experien-
cia do 1. P. T. mostra que as consultas e apresentapao de problernas por parte destas
sao pelo menos tao nurnerosas quanto por parte das erapresas propriarnente meta
ldrgicas. As suas preocupapoes dizem respeito especialmente a: caracterfsticas
dos materials metAlicos corn vistas a sua aplica4;ao; comportamento dos rnaterials
metdlicos no processarnento e fabricaqVo dos rnais variados produtos; problernas
de contri;le das caracterfsticas de modo a assegurar urn born comportamento em
servipo; etc.

2.3. Objetivos irnediatos ou diretos

Os objetivos diretos e irnediatos da DIMET do I. P. T. sao os seguintes:

a. atuar corno "antenall para a captapao de "know-how", especialmente o
existente em parses mais avanpados, divuigando no Pals, de formna eficiente
as ,caracterfsticas e aplicapoes dos processos e materials rnetaldrgicos.
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b. desenvolver "know-how" pr6prio atravds do estudo sistem~tico, te6rico e
experimental, dos problemas metalirgicos de especial intoresse local,
visando a sua soiugao.

C. atender as 'ýolicitapoes da indtlstria dando-Ihe a assistencia, tdcnica cabivel
e pertinente, sob todas as formas; apropriadas.

d. colaborar na. formapao de metalurgistas capazes que, atrav~s do prdprio
I. P. T. ou trabaihando diretamente nas empresas, possam atacar e re-
solver problernas importantes da inddstria local relativos a extrapao,
refino, transformapao, tratamento, controle e aplicapao de metais e ligas.

e. colaborar na constituipao e nas atividades das entidades devotadas ao in-
terc,,qpbi'- de informapoes e experiencias tdcnicas e industriais.

Para bern caracterizar a apao de un Instituto de Tecnologia como o 1. P. T.
6 preciso lembrar que a engenharia 6 a arte de aplicar a ciencia para a produpao
de bens ou para a prestapao de servipos; e que a tecnol6gia 6 o conjunto de conhe
cimentos sobre materials e processos industriais, resultantes da aplicapao da
ciencia ou de seus mdtodos. No c Lso particular da tecnoiogia metaldrgica, pode-
mos definrla como sendo o conjunt. de corihecirnentcs resultantes da aplicapao da
ciencia a produ~pao e uso de pepas e materiai metfil icos.

Os setores da metalurgia como ramo da ciencia, da engenharia e da tecno
logia estao esquematizados no Quadro I.

Em tfltima and.lise o objetivo direto e imediato de uma Divisao ou Departa-
mento de Metalurgia dove ser o de aplicar os conhecimentos e os mdtodos cientifi
cos no estudo dos processos metaldrgicos e dos materiais metdlicos, visando re-
solver os probiemas encontrados na industrializapao do Pal~s.

3. JUSTIFICATIVA

No Rtem anterior respondeu-se a questao: "o que se visa?". Nesta justi-
ficativa procura-se responder a pergunta 11porque ?". Porque uma entidade e~statal
engajada eni atender as necessidades tecnol6gicas mais prementes e imediatas da
indds.tria local?

I Sao numerosas as razoes que justificam a entidade e a sua apao: a falta de
tradipao tecnol6gica e industrial, a necessidade de uma r~pida mas segura indus-
trializapao, a imprescindibilidade- da tecnologia para o progreso industrial de
qualquer napao (avanpada ou nao), a predominancia de ernpresas de pequeno e



QUADRO I1- Ramos da metalurgia como ciencia e tecnica

a) Ciencia dos metals (estudo dos principais, caracterfsticas e
fonomenos fundamentals)

a. 1. Frica dos metalAs (estrutura e propriedades fundamen
tais);

a. 2. Ffsico-'qurmica metaldrgica (termodinamica e cindtica
das reapoes metaldrgicas, inclusive as que se dao em
estado s6lido);

b) Metalurgia dos processos (estudo dos processos industriais);

b. 1. Metalurgia extrativa e de re~firzo (siderurgia e metalur
gia extrativa dos nao-ferrosos);

b. 2. Metalurgia de transformap~ao (laminaipao, forjamento,
fundipao, solda, pulvimetalurgia, tratamentos, etc. ).

c) Metalurgia dos materials ou metalografia (estudo sistemAtico
dos metais e ligas utilizados industrialmente, principalmente
visando a sua aplica~~ao).

C. 1. Metalografia ferrosa;
c. 2. Metalografia dos nao-ferrosos;
c. 3. Estudo dos problemas especiais de aplicapao de pepas

ou materials metAli.-os.

medio porte, a exiguldade de recursos financeiros e humanos que torna pratica-
mente impossivel agrande maioria das empresas empreender estudos especials
es pesqulsas tecnol6gicas.

Essas razoes aconseihani e. atd exigem que o Estado assuma a iniciativa,
da formapao, e da manutenpao de instituipao apropriada, dotada de recursos
(meios) adequados. Desnecessftrio se torna chamar a atenpao para a potenciall-
dade de uma tal medida e a decisiva influencia que pode ter para estimular,
apressar, e assegurar a industrializapao, de uma jovem napao. Ainda aquf a
experiencia do I. P. T. de Sao Paulo, e muito especialmente de sua Divisao, de
Metalurgia, 6 evidencia insofismAvel em favor desta asserp~ao.

0 Governo do Estado de Sao Paulo, ao criar o I.- P. T. como, instituipao
independente em 1. 934, e ao dot~.-io corn importantes recursos em 1. 940 e em
1. 945, tomou uma decisao acertada. Os investimew (,s e despezas com a ins-
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tituipao, forami mais do que compensados indiretamente, atrav6s do seguro, surto
industrial do Estado, para o qual o I. P. T. contribuiu decisivamente. Ais contri-
buiftnnesiqe o 1. P. T. fez -o desenvolvimento da - talurigia brasilei'ra feorairr au-

merosas. A tftulo de exemplo, e visando dccumentar a justificapao, da criapao do
Instituto, podem ser citadas as seguintes:

- Estudo e solupao de problemas da implantapao da metalurgia do chumbo,
do cobre, e de outros metais, n~ao ferrosos no Brasil.

- Pesquisas sobre a sinterizapao, a pelotizacao e a redupao dos mindrios de
ferro brasileiros.

- Introdup~ao, e divulgapao das modernas, tdcnicas de fundipao no Brasil, hem
como a produpao em pequena escala de pepas especiais de ferro fundido,
nao-ferrosos e apos.

- Fornecimento a nossa inddstria, especialmente durante a ilitima guerra

mundial, de pepas e ligas especiais (ferrosas e nao-ferrosas).

- Irnplantapao da metalu~rgia do p6 no Brasil.

- Estudo, e divulgapao das propriedades, tratamentos e aplicapoes de apos e
ligas nao-ferrosas, de acordo corn os interesses da nossa indtlstria. meta-
ldrgica e inecanica.

- Estudo de problemas metaldrgicos especiais, corn diagnose das causas de
fracasso, dos mdtodos de produpao ou das razoes de comportamento em
servipo. Esta colaborapao foi especialmente importante para a implantapao
da iriddstria mecanica e da automobilfstica.

- Colaborapao decisiva na instalapao e funcionamento de entidades de interesse
pdblico como: Associapao -.!rasileira do Metais, Instituto Brasileiro, de
Side rurgia, etc.

- Formaipao de especialistas em numeroscos setores da metalurgia, inclusive
por est~gios no exterior, visando atender as necessidades impostas pelo
progresso industrial do Pars. Numerosos e hem conhecidos, sao os tdcni-
cos que, saidos do 1. P. T. , ocupam hoje posipao de destaque na inddstria.
brasileira.

- Introdupao no Pars da moderna metalurgia como ciencia e como tdcnica (ou

ranio da engenharia).

- Criapao de urn esprrito de colaborapao tdcnica acima dos interesses par-
ticulares ou pessuais, visando apenas o progresso da metaiurgia nacional.
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4. METODOS

Examinar Os metodos de acao da DIMET do 1. P. T. (tipos de trabaihos que
executa, servipos que presta e atividades quo rnantdm) 6 responder a pergunta:
ttcomo? 11.

Para isto 6 necess~.rio considerar: o car~.ter, o alcance, os tipos e os
setores da sua atividade. Esta consiste semp re no estudo de caracterrsticas e
problemas de processos e rnateriais rnetaldrgicos visando a transmissao dos co:,
nhecimentos adquiridos a coletividade, por todos os meios possrveis e eficientes.

4.1. Car~ter das Atividades da DIMET do I. P. T.-

As atividades de uma ertidade como a DIMET do I. P. T. podern ter car~.ter
predorninantemente cientffico, t~cnico, industrial, economico, associativo, did~.tico,
etc. A grande rnaior.,a de suas atividades, pordrn, 6 de carAter erninentemente tdc-
nico (ou t~cnol6gico).-

As atividades de carAter puramente cientffico sao restringidas deliberada-
mente, dadas as lirnitapoes dos recursos hurnanos e rnateriais corn que conta a
DIMET e a premencia dos problemas de carAter tecnico. A trtulo de an.±ugia:
num Pars onde a mortalidade infantil atingisse Indices alarmantes nao se conce-
beria que o esforpo principal de urn instituto de pes;quisas rn~dicas fosse devotado
ao estudo fundamental da natureza das c~lulas dos tecidos; o estudo, o preparo e,
at6, a simples aplicapao de vacinas cei-tarnente dec'eria ter prioridade. Assim,
urn instituto de tecnologia nurn Pars corno o Brasil deve forposarnente devotar o
maior dos seus esforpos a ajuda irnediata a indgstria, para que esta se implante
e evolua corn seguranpa e eficiencia. Na DIMET do I. P. T. as atividades de cardi-
ter cientifico tern sido restritas ao rnfniro necess~.rio para servir a meihor exe-
cupao, da tarefa principal, a de estimular e ajudar a industrializapao. Fatalmente
deverrao assumir as atividades de car~.ter cientffico urna crescente irnportancivL,
pordm sempre sem perderdce vista que, para urn Instituto de Tecnologia a ciencia
nao 6 urn fim mas sirn urn rneio.

As atividades de carAter tecnico ou tdcnol6gico, como jA foi dito, predomi
nam. Essas atividades sao de diversos tipos, como se verl mais adiante, mas
visarn precipuainente contribuir para a rnaior produpao e produtividade da indiistria
rnetaltdrgica brasileira, fornecendo-1he dados e informapoes tdcnicas e resolvendo-
ihes problernas. Por 6bvio que parepa esta finalidade, que justifica a pr6pria de-
signapao dos Institutos de Tecnologia, mesmo assirn precisa ser repetida enfatica
mente, para que nao se cornetarn erros. 0 "glamor"t dos grandes triunfos cientr-
ficos (energia nuclear, transistores, lasers, supercondutores, sat~lites artificiais)
levarn os espfritos rnenos crfticos e objetivos a julgar que nos pafses emn desenvol-
virnento o progresso rApido se lograrA atravds da pesquisa cientrfica ou fundamental.
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Este terrrvel erro de julganiento vein sendo cornetido em muitos parses e mesmo
no Brasil temos dele exerinlos v~trios. Esta 6 sem dcivida urna questao que deu e
darA sempre margem a muita polernica, infelizmente, mas oncde 6 inais necessA-

As atividades de car~.ter propriamente "industrial" devem ser, natural-
mente, reduzidas num Instituto de Teonologia. No entanto, particularmente nos
estdgios iniciais da industrializapao, atividades desse tipo podem ser essenciais.
Assim sucedeu na DIMET do I. P. T. que, por volta de 1. 940 equipou-se em esca
la se mi- industrial, para introduzir no Brasil as corretas t~cnicas de fundipao do
ferro e do apo (para citar urn s6 exemplo). Dessa iniciativa resultou para a
DIMET e sua equipe t~cnica uma grande forpa moral: a conciencia de estarem
trabaihando em condipoes de "'superavit" tdcnico evidente em relapao a inddstria,
em instalapoes modernas e nitidarnente de tipo industrial. Aquele preconceito
que os homens que labutam na inddstria normalmente sentem em relapao, aos ho-
mens de laborat6rio foi, assirn, destruido quase totalmente. Mesmo hoje, quan
do a inddstria, local jd se desenvolveu enormemente, a manutenpao de algumas afti
vidades de carater industrial se justifica (vide mais adiante, neste trabalho), e vi
sa atender as.necessidades diretas da indcistria local (fornecimento de certos ma-
teriais especiais) e, indiretamente, a fornecer oportunidades para estudo objetivo
e pr~.tico de certos problemas.

As atividades de car~.ter econornico (estudos de inve~timeti os e custos)
nao cabern in ma instituipao como o I. P. T. Quando rnuito cabe uma atenpao oca-
sional a certos aspectos de fatores economicos quando influirem decisivamente
na escoiha de urna solupao t~cnica. Corn o avanpo da inddstria local, pordm, paý
rece aconseihavel a rnanutengao de urn economista corn a tarefa especrfica de
collier dados e analisar os aspectos economicos mais salientes das solupoes in-
dustriais, de modo a orientar o rurno dos trabaihos do 1. P. T. e, mes mo, acon-
seihar a indiistria metalilrgica local.

As atividades de car~ter associativo, embora possam. parecer secund~.rias,
sao na realidade extremarnente importantes. 0 Instituto de Pesquisas Tecnol6gi-
cas tern colaborado, de forma decisiva para a organizagao e o funcionarnento de en
tidades (corno a Associapao, Brasileira de Metais, Associapao, Brasileira de Nor-
mas Tdcnicas e o Instituto Brasileiro, de Siderdirgia) e iniciativas, (cursos, congres
sos, reunioes) de interesse coletivo. A existencia de uma equipe de auto nfvel e
desinteressada possibilita urna cooperapao eficaz. a tais iniciativas, assegurando-
Ihes o exito e urna orientapao objetiva, acirna dos interesses de grupos ou pessoas.

As atividades de carater did~tico nao sao pr6prias a urn Instituto de Tecno
logia, por~rn, num pars novo 6 irnpresciridfvel que tais Institutos colaborem na
formapao de especialistas e no ensino prdtico de alto nr'vel. 0 1. P. T. sistem~.ti-
camente colabora ccrn a Escola Polit~cnica da Universidade de Sao Paulo (na qual
se originou) possihilitando a realizapao de certas aulas prdticas e aceitando assis
tentes-alunos. Tamb~n colabora em cursos de especializavao organizados pela



111-9

A. B. M. e aceita estagiiiios (engenheiros ou t~cnicos) da inddstria.

4.2. ~-- "&,L~c dan Utv~a do 1.P.T.

E importante considerar o alcance no tempo e no espaco das atividades de
urn Instituto como o I. P. T.

No que diz respeito ao alcance n-) tempo, o I. P. T. procura dar malor aten
pao as atividades que possam. ser dteis a curto prazo. Dadas as limitapoes dos
recursos humanos e materiais corn que conta a instituipao, face as necessidades
prernentes da indristria local e face as condipoes que prevalecem no Pars, 6 forvo
so atribuir prioridade aos trabaihos que visam atender a necessidade mais pre-
mentes e que buscain solupoes a curto prazo. A manutengao de atividades de estu
do e pesquisa que somente-podem frutificar a longo prazo deve ser limitada a
alguns poucos casos de extrerna importancia.

Quanto ao alcance geogrdfico das atividades do I. P. T. pode-se dizer que,
embora o Instituto seja uma entidade mantida pelo Governo do Estado de Sao Paulo,
nao hd nenhurna restripao regional de suas atividI Jes e sao atendidos todos os in-
teressados, de qualquer pondo do Pafs.

0 alcance social das atividades do tipo que o I. P. T. exerce sao evidentes
e nao o discutirernos.

4.3. Tipos de Atividade da DIMET do I. P. T.

Diversos sao os tipos de atividade ou de servipos prestados pela DIMET.
Para atingir os seus objetivos a DIMET, como todo o I. P. T. , realiza ensaios.
andlises especiai.,, exarnes, estudos e pesquisas; presta. assitencia tdcnica a
industria; mant~m uma pequena produvao experimental de rnateriais para aten
der a pedidos da indilstria local; promove a divulgapao de processos e materiais:
colabora no ensino prdtico especializado e em atividades associativL3 de interesse
coletivo.

A enfase num ou noutro grupo desses diversos tipos de atividades tern mu-
dado corn a evoluvao da instituipao, necessdria para atender as solicitapoes de
uma ilulgstria progressista. No Quadro II estao indicados os principais perfodos
da vida cia DIMET do 1. P.T.
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QUARO11- eiJoos da evolupao d3a DN~rIME o .r

Perfodo Atividades principals

Atd 1932 Primeiros estudos de metalografia e propriedades
mec~nicas, noC Laborat6rio de Ensaio de Materiais
da Escola Polit~cnica de, Sao Paulo.

1.932- Ensaios, exames, interpretapao de p'copriedades e
1.940 comportamento em servipo de pepas e materials
lo. perrodo, met~licos.

1.940- Demonstrapao e adaptapao de processos metalurgi-
1.950
2o.perfodo cos e materiel met~licos. Divulgapao.

1. 950- Intensa assistencia t~cnica as inddstrias metalurgi-
1.960 ca de transformapao, mecanica e eldtrica, que se
30. perrodo implntavam especialmente no Estado de Sao Paulo.

Fornecimento de grande nilmero de tecnicos alta-
mente especializados e que, assumirarn posipoes de
lidera~npa na indd1stria.

1. 960 em Pesquisas tecnol6gicas e estudos especiais visando
diante a solupao de problemas importantes da inddstria me

talcirgica brasileira.

ENSAIOS

A realizapao, de ensajlos (mecanicos, ffsicos e qufmicos) que caracterizem
mate riais e pepas metdlicas 6 uma das finalidades mais 6bvias da DIMET. E a
mais antiga atividade e aquela por onde (I mais f~cil comeepar o trabaiho de ajuda
ao desenvolvimento industrial. A realizapao dos ensaios pode visar: verificapao
de adequagao de urn material para. certla aplicapao, verificapao de obediencia a
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normas e especificapoes, verificapao da existencia de peculiaridades das caracte
rfstlcas que possam lanpar luz sobre comportamento faiho em servipo, coiheita
de informapoes gerais vlsando o estabelecimento de especificapoes racionais, etc.

A Seccao de Ensaios Mecanicos (atualmer.,e ligada a Div'isao de 'Meeariica)
jd. emitiu centenas de milhares de Certificados Of Iciais relativos a caracterrsticas
mec~twicas de metais.

ANALISES ESPECIAIS

As an~.Iises usuais, pelos diversos processos hoje em dia usados nos mo-
demns laborat6rios sao, no I. P. T., ext~cutadas na Divisao de Qufmica. Em ca-
sos especiais, por6m, julgou-se mais apropriado faze-las na pr6pria DIMET. E
o caso da determinapao do teor de gases (H, N, 0) dissolvidos em metais. Essa
determinapao, por fusao a vacuo ou por extrapao por difusao, 6 executada atual-
mente na Secpao de Frsico-quifmica Metalurgica.

EXAMES

Exames especiais, particularmente os exames micro e macro-grdficos,
sao efetuados sobre pepas e materiais metdlicos com a finalidade de: determinar
a hist6ria pr6via (m6todo de fabricacao ou condipoes a que os materiais ou pepas
tenham sido submetidos anteriormente); determinar as causas de ruptura ou faiha
em servipo; verificar se a micro e a macroestruturas estao satisfat6rias para
uma dada aplicapao; determinar se o material se enquadra em normas ou especi-
ficapoes determinadas; etc. Este trabalho 6 feito principalmente pela Secpao de
Metalografia que jA. executou dezenas de milhares de exarnes desse tipo, inclusive
cerca de 72 em 1. 963. Pretende-se, no futuro pr6ximo, utilizar mais frequente-
mente as tMcnicas que usam raios X para determinapao de macro e micro-estrutu
ras, fases, presentes, estado de tensao, orientacao preferencial, etc. 0 uso da mi
croscopia eletronica tamb6m deverd ser incentivado.

ESTUDOS ESPECIAIS

Em numerosas oportumidades a DIMET 6 chamada a opinar sobre proble-
mas importa~ntes ou diffceis, que exigem apreci~vel estudo e as vezes, experimen
tapao para permitir chegar a uma solupao. Nestes cases o volume de trabalho re
querido 6 muito major do que o que corresponde aos ensaios, ý.,.ý.ises ou exames.
Interv6m entao em alta.dose a experiencia e o discernimento da equipe da Divisao.
Sem chegarem a ser pesquisas propriamente sao, no entanto, trabal~hos cia mals
alta importancia como por exemplo: estudo da viabilidade do emprego de dado
processo ou t6cnica na. inddstria brasileira; obtenpao e apreciapao de inuformapoes
inclusive experimentais, referentes a um determinado processo ou material, vi--
sando sua aplicapao local; reuniao de elementos essenciais para projetos de dete~r
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minadas instalapoes; determinapao de relagoes de causa e efeito entre as carac-
terrsticas e condipoes de emprego de urn dado material (ou pepa) e o seu compo~r
tamento em servipo; etc.

Milhares de Relat6rios relativos a Problemas dessa natureza foram emiti
dos atd hoje. Em 1. 963 foram emitidos 43 Relat6rios pela Secpao de Metalogra~fia
e 4 pela Secpao de Frsico-qufmica Metaldrgica.

PESQUISAS

Antes de considerar a questao da realizapao de pesquisas em Institutos de
Tecnologia de Pafses em desemvolvimen.to 6 necess~rio a presentar certas doffini
cgoes e concei.tos que possibilitem una discussao racional. Corn efeito, em conse
quencia de certos sucessos cientfficos espetaculares que decorreram de trabaihos
experirnentais realizados por cientistas e tecn6logos em laborat6rios, a pala'~Dra
pesquisa entrou no vocabul~rio, popular e tern sido empregada corn impropriedade

k ~crescente. Jd. hoje, os simpaticos rapazes e mopas que batern a porta das resi-
dencias para indagar que canal de televisao estd sendo objeto da atenpao familiar
sao charnados "pe-squis adores" e niriguem seria capaz de convence-los (e aos sells
patrcqes) de que nao estao realizando "pesquisas". Hdi tempo foi publicada em sd-
rios jornais brasileiros urna notfcia sobre uma "pesquisa"l sobre o samba.

Dia.nte de tal situagao, os cientistas verdadeiramente dedicados a pesquisa
legrtima terao (19 inventar una nova palavra para designar sua atividade, de modo
que, como "pesquis adores", nao sejam confundidos corn os encarregados do cen-
so populacional.

Trata-se, naturalmente, de urn desagrad~ve1 problema de sernantfca. Pe
lo menos entre os cientistas e os profissionais liberals de cultura universit~ria 6
preciso estabelecer definipoes que distingam: pesquisa, anglise ou estudo te6rico,
experimentap.ao, verificacao, ensaio, deterrninapao, exame, colheita de dados,
medida, explorapao, levantarnento, etc., conforme o tipo das informapoes visa-
da~s e conforme o m~todo do obte-las. E fora de ddvida quo muito dinheiro tern si
do gasto indevidamente pelo simples uso do mdgico r6tulo "pesquisat t .

Nao, cabe aqur discutir os significados possrvels e aceitd.veis para todos os
termos mencionados, mas 6 necdssdrio, polo menos, considerar as diferentes c 'a
togorias de posquisas do interosse para a ciencia ou para a tecuica. Trata-se,
em dltirna and.lise, de considorar e resolver os dilemas:

I (posquisa pura) x (posquisa aplicada);

I (pqiscinfcax(psustcnlgc)III (pesquisa a curto prazo) x (pesquisa a longo prazo).

0 prirnoiro dilerna diz respeito ao prop6sito ou finalidade da pesquisa; o
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segundo dilema corresponde a sua natureza ou card.ter; o terceiro refere-se ao
prazo disponrvel ou previsto Para a coiheita dos resultados desejados (.por defini
p~ao "ad hoc" pode-se considerar 2 anos como o prazo mfixirno Para urna pesqul-
sa "a curto prazo"l).

A seguir sugerem-se definivoes, tambdrn "ad hoc", Para as categornas
principais de pesquisa:

Pesquisa cientrfica pura = buscado conhecimento referente arnate-
riais seres, sisternas, fenomenos e processos pela experirnentapao e observapao
em condipoes bern definidas, corn preocupa(,ao de atingir o mdxirno de pertinen-
cia, exatidao, permanencia e reprodutibilidade dos resultados obtidos e, geral-
mente, sem preocupapao corn a sua utilidade.

P es qu is a ci -n t ff ic a apIi ca d a = idem, pordrn visando a utilidade do
conhecirnento Para aplicapao da produpao de bens ou prestapao de servipo.

Pesquisa tecnol6fica (que 6 sempre, necessairiar--Bnte, aplic~.veI) - bus-
ca de conhecimentos refýerentes a materiais, sisternas, fenomenos e processos,
pela experirnentapao e observapao em condipoes definidas dentro de limites as vy'e
zes largos mas sempre conhecidos, e, corn preocupapao predominante corn a uti-
lidade dos dados e informapoes coihidos Para a produpao de bens ou prestapao, de
servipos industriads ou cornerciais.

o Quadro III tenta esquernati7.r a relapao entre as 6 caracterrsticas, corn
urna indicapao estirnada das provdveis porc6ntagens relativas, no caso de Parses
desenvolvidos.

QUADRO III - Categorias de pesquisa (e suas porcentagens relativas
aproxirnadas, nurn Pars desenvolvido)

Pesq. Pura Pesq. aplicada

L. P. C. P. L. P. C. P.

Pesq. cientrfica 5% 5% Q%4%

Pesq. teenol6gica -- 50%/ 30%

Observapoes: L. P. =a longo prazo; C. P. = a curto prazo, isto 6, neces
sitando menos de 2 anos Para atingir os resultados.
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Para meihor esclarecer o que se tern em vista corn essas diversas catego
rias de pesquisas, convem citar alguns exemplos:

- Pesquisa cientffica, pura, a iongo prazo: Estudo experimental das "partr
culas" elernentares corn vistas a forrnulapao de uma teoria satisfat6ria
sobre a constituipao fntima da rnat6ria;

- Pesquisa cientffica, pura, a curto prazo: Estudo do efeito de pres;soes su
per-elevadas sobre a estrutura do bismuto poli-cristalino;

- Pesquisa cientrfica, aplicada, a longo prazo: Estudo das caracterraticas
dos supercondutores, corn vistas a sua possrvel aplicapao futura em ins-
trumentos e equipamentos industriais;

- Pesquisa cientffica, aplicada, a curto prazo: Morfologia da inter-face
s6lido-lfquido, na solidificapao do eutetico de Mg corn 32% de Al;

- Pesquisa tecnol6gica (iqe.ces sari arente aplicada), a lonigo prazo Estudo
experimental do processo de lingotarnento contlrnuo, visando a sua Utiliza-
pao industrial generalizada; e

- Pesquisa tecnol6gica (necessariamente aplicada), a curto prazo: Determi
nap~ao das caracterrsticas das pelotas resultantes da aglomerapao de min6
rios brasileiros corn uso de cal como aglomerante.

No que concerne este tipo de atividade (pesquisa) o pens amento que tern
orientado o I. P. T. 6 o seguinte: diante aas condipoes do Pars e de suas necessi-
dades evidentes, toda a enfase deve ser posta nas peý,quisas que possam ser dteis
a curto prazo. Assim sendo, as pesquisas real~izadas no I. P. T. tern que ser pre
dominanternente: pesquisas aplicadas, tdcnol6gicas e realizdveis a curto prazo.

Embora a pr6ppia designapao do I. P. T. indique serern as pesquisas tecno
l6gicas a sua principal finalidade nao foi essa, nem 1)oderia ter sido atd recente-
mente, a atividade que mais atenpao recebekp~r parte da equipe da DIMET, nos
prirneiros 20 anos de existencia do Instituto. Num Pals novo a maior parte das
dificuldades iniciais para a inddstrializapao se resolvem sam a necessidade 'Ia
pesquisa sistematica; os outros tipos de apao aquf considerados sao suficientes
para dar solupao a rnaior parte das consultas e problemas. Poderfarnos dizer que
esses.outros tipos de atividade sao, inicialmente, mats necess~.rios que a pr6pria,
pesquisa. Corn a evolugao da indiistria, por6rn, os problemas tendem a se tornar
inais complexos e, mais importantes, e o volume de pesquisa tern de crescer, obri
gatoriamente. Corn a evolucao da indflstria esta, atrav6s dos seus pr6prios tdcni-
cos, pode ir buscar onde estiverem aqueles conhecimentos que antes recebia atra-
v6s do Instituto; pode, tamb6m, por seus pr6prios rneios, resolver os problemas
de produpao que inicialmente Ihe teriam parecido diffceis. Assim, as solicitapcoes
impostas a urna entidade corno a DIMET do I. P. T. gradualmente se especializain,
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se refinam e se tornam. mais difrceis de atender de imediato, exigindo entao, estu
dos experimentais sistemkticos, isto 6, pesquisas.

o Quadro 111, apresenta unia ýsrntese da evoiu,,ýao d'as atividaddes dla DIMTVAET,
corn a mudanpa gradual do tipo de atividade predominante. Pode-se dizer que a
enfase inicial nos ensaios e sua interpretapao passou, por volta de 1. 940, a divul
gapao, demonstrapao e adapta,;ac de tdcnicas e materiais; por volta de 1. 950 a enf
fase passou para a assistencia t6cnica a indidstria; de 1. 960 em diante a enfase de
verdi ser cada vez major na pesquisa tecnol6gica.

A tendencia vein sendo a dc atacar problemas cada vez mais complexos e
de major importancia nacional. As circunstancias exigem e, ao mesmo tempo,
f acilitam esta evolupao: a equipe do I. P. T. , como conjunto, acumula cada vez
mais experiencia; a solicitagao, o interesse c o apoio da indtdstrka aumentam.
De outro lado essa evoluvao cria alguns problemas de reajustameato, interno e de
preparapao especial da equipe t6cnica para melhor desempenhar sua missao.

Indubitavelmente o futuro exigird da DIMET cada vez mais pesquisa tecno
16gica original bern como pesquisa cientrfica aplicada.

ASSISTENCIA TEONICA

A DIMET presta a inddstria e as entidades governarnentis uma. assistencia
t6cnica que vai desde a simples informacao at6 a opiniao amadurecida, documen-
tada e dada por escrito. As informapoes ou opinioes sao fornecidas seja no pr6-
prio Instituto, seja na. indilstria ou entidade interessada quando o problema assim
o exigir. Urn grande volume de assitencia t6cniica 6 prestado oralmente, e na ma-
ioria das vezes, nem siquer 6 registrado. Em muitos casos, pordm, a prestapac
da ass istencia pode exigir; vis ita de tdcnicos do I. P. T. para colheita de informa-
poes v amostras. ensaios, andlises e exames especiais; estudos e pesquisas.

0 volume de informapoes e servipos prestados pelo I. P. T. a inddstria, de
Sao Paulo e do Brasil por este mecanismo foi e continua a ser extraordindrio,
mesmo com a evolupao da inddstria local, jd. hoje forte e independente, este tipo
de atividade certamente continuarl a ser mantida e a ser atil. Naturalmente a na
tureza das informap!oes prestadas se tornard. cada vez mais requintada.

PRODU(QAO EXPERIMENTAL

Atendendo a necessidades do meio e corn grande vantagem para o eficaz
cumprirnento da sua missao a DIMET desde o inrcio, de suas attividades manteve
pequena produpao de pepas e materiais metdlicos necess~.rios a indtlstria local e
nao produzidos no Brasil. Tal atividade foi de enorme importancia. durante a ail
tima guerra mundial, quando o suprimento, externo foi praticamente cortado ou
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ou sujeito a restripoes severas. Nessa 6poca as instalapoes semi- industriais da
DIMET, sabiamente encornendadas e iiistaladas logo no infcio da guerra (1. 939-
1. 940) trabaiharam intensarnente, em Iois e at6 tres turnos de servigo. JA. Se co
rnentou anteriormente o quanto tal atividade contribuiu para inftindir confianpa e
para dar experienola, e objetividade ao corpo t&enico da. DIMET.

0 problorna que se apresenta hoje 6 o de saber Wt que ponto este, tipo de
atividade deve ser continuado; atd que ponto se justifica. E esta uma questao que
tern dado margen a discussoes construtivas e necessgrias. Deve, por~ni, ser re
solvida fri-amente, pesando-se objetivamente as vantagens e elesvantagens reals
r.ara o cumprimento da mniss ao, do I. P. T. A opiniao simplista, quase apaixonada,
e certamente mufto influenciada, por modelos estrangeiros, de apipAcapao, d-iscutf-
vel, de que tal atividade nao se justifica num histituto de Tecnologia e devswser
extinta, nao pode ser aceita: De outro lado, a manutengao de urn corpo numeroso
de funcion~rios e equiparnentos semi-industriais simplesmente para attender a so-
licitapoes rotineiras de algumas inddstrias tamb~m nao tern justificativa. Cert a-
mente nehum sentido tern hoje a produpao em grande volume, no I. P. T. Como
semprex "in medio virtus:': a esta altura da evolugao da. inddstria brasileira e do
I. P. T. 6 preciso retigrtais atividades de produpao experimental aqueles ca--
so's realmente importantes e sigrificativos que substancialmente contribuain, di-
retL. e indiretarnente, para o progresso da metalurgia, nacional.

DIVULGjAQAO DE PROCESSOS E MATERLIlS METALICOS

Tarefa das mais importantes para. urn Instituto de Tecnologia, num Pafs
em desenvolvirnento 6 a de atuar como urna "a'-tenall que 'capte as meihores infor
mapoes referentes aos novos processos e mate-iais e as transmita. de diversas
maneiras ao meio t6cnico local. A simples dificuldade de lfngua e a inexistencia
de uma. literatura tdcnica abundante num Pafs novo exige que instituipoes como o
I. P. T. hajarn como centros de difusao de informa-poes e literatura, tdonica. E
urna de funpoes mais importantes e urna de suas atividades mais fdrteis.

Os t~cnicos do L. P. T. pubiicararn, at6 hoje, cerca de 3 00 trabalhos no
campo da rnetalurgia (vide I'Lista de trabaihos publicados pelo 1. P. T. no campo
da metalurgia"l). Do total dos trabaihos ppresentados a -Associapao Brasileira,
de Metais (e por esta. publicados) nos seus 20 anos de existencia, ....erca de 40%
forarn apresentados por t~enicos do I. P. T. (cc rca de 240 nurn total de aproxima
darnente 550).

Ciassificando os 292 trabaihos publicados pelos t~cricos do Instituto deI ~Pesquisas Tecnol6gicas tern-se a seguinte distribui~ao, conforme o setor da me
talurgia a que corresponde~m:

- Assuntos gerais relativos a metalurgia - 151 trabalhos; Min'drios e seu
2. tratarnento = 7: Metaiurgia. extrativa dos Nao Ferrosos =57; Matdrias
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primas siderargicas = 6; Reduý-ao de mindr-los de ferro = 10; Produpao
de Apos comuns e especiais = 14; Transformapac mecanica = 1; Ferros
Fundidos = 29; Fundipao e elaborapao, de ligas nao-ferrosas 14; Fundi
pao, de apos = 1; Processos especiais de fundipao = 1; Materiais de mol
dagem = 30; Pialvimetalurgia = 13; Solda = 1; Tratamentos tdrmicos = 9;
Metalografia ferrosa = 21; Metalografia, dos nao ferrosos = 2; Ffsica dos
metais = 8; FfRsico-qurmica metaltirgica, = 15; Equipamentos industriais =
2; Estudos econ6micos = 3; Propriedades mecanicas. Ensaios de metais
11; Corrosao = 1; Especificapoes e normas. Controle de qualidade = 8;
Aplicapoes dos metais e ligas e seus problemas = 13.

COLABORAQAO NO ENSINO PRATICO ESPECIALIZADO

0 1. P. T. nao 6 escola, nao mantendo curses nem confirindo diplomas.
No entanto, jA pela. sua. origem (nasceu do Laboratdrio de Ensaics de Materials da
Es cola Polit,6cnica da Universidade de Sao Paulo), jA. pelas condipoes locais {neces
sidade de formap;)o de especialistas nos diversos setores da. tdcnica e insuficiencia
dos laborat~rios escolares, o I. P. T. tern sempre colaborado em atividades que vi
sam a formapao, de especialistas.

Na Fig. 3, indica-se esquem6.ticamente uma conceppao (evidentemente sim
plista.) do engenheiro zomo computador especializado para a solupao de problemas
tdcnicos (claro estd que o engenheiro deve ser possuidor de ouutras caracterfsticas
e motivapoes como ser humano, mas estas nao interessam ao esquema. acima,
simplificado propositadamente). A colaborapao do I. P. T. tern sido dada ao supri
mento de conhecimentos especializados e de experiencia t~cnica a alunos, estagi9L
rios e engenheiros.

Assrmn 6 que o 1. P. T. vein prestando hlt muitos anos os seguintes servipos:
colabora~pao nas aulas prd.ticas de certas Disciplinas da. Escola Politdcnica; admi-
ssao de nilmero limitado de Asssistentes - Alunos (alunos da Escola Politdcnica
principalmente, mas nao, Pxclusivamente) para colaborarem nos trabalhos normais
do Instituto; admissao de estagi~rios (Ciigenheiros e t6cnicos) da. inddstria, e de e 'n
tidades governamentais, nao, s6 brasileiros como extrangeiros; colaborapao na or
ganizap~ao e na execupao de cursos especiais abertos an publico, inclusive alguris
dados por professores estrangeiros; permissao a -,rtos de seus t~enicos pa':A,.
lecionarem na Escola Politdcnica.

Na Es cola Pol.itdcnica engenheiros do Y. P. T. lecionam as Disciplinas se-
guintes: Metalurgia Extrativa. dos Nao Ferrosos, Side t'vdrgia; Metalog-.-afia Ferro
sa: Metalografia. dos Nao Ferrosos Frsico-Qufmica Metaltdrgica (outras Discipli-
nas sao lecionadas por ex-ipeteanos). NC- ABM os teenicos do I. P. T, colaboraram
na. realizapao, dos seguintes Cursos Especiais: Princfpios B~sicos da Metalurgia;
Apos Carbono e Apos T'Ziga; Fundipao; Tratarnentos Superficiais; etc.
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Cerca de 180 assistentes-alunos jA passararn pela DIMET do L. P. T. n(-.
CU imos '0 anos. Urn total de cerca de 40 Engenheiros tambrnbi j rt.aann
Divisao, e atualmente prestarn sua colaborapao a indastria metaldrgica, onde ocu
pam os mais altos postos. Cerca de 500 estagilrios de diversos nfveis tambdm
jA obtiveram ewsinamentos prdticos em perfodos de treinamento na DIMET.

A contribuipao que, dessa forma, a DIMET do L. P. T. fez e fa~z ao desen-
volvimento da metalurgia nacional 6 enorme e corresponde a urn dos majores ser
vipos que a instituipao pode prestar ao Pals.

COLABORAQAO EM ATIVIDADES ASSOCIATIVAS DE INTERESSE COLETIVO

Outro grande servigo que o I. P. T. prestou e continua a prestar ao Pals
atraves da sua DIMET consiste no apoio decisivo que tern dado a Associapoes co-
mo A. B. M. (Associapao Brasileira de Metais) e L. B. S. (Instituto Brasileiro de
Slderdrgica). Estas entidades, conjugando os esforpos de t~cnicos e empresas
corn a finalidade de intercarnbio tdcnico e colaboracao desinteressada em benefre*z,
cio da Metalurgia brasileira receberarn do I. P. T. apoio e.3sencial.

A A. B. M. foi fundada em 1944, para a sua fundapao e operapao durante
os seus prirneiros 10 anos de existencia dieperndeu do trabalho intenso e desinte-
ressado de nurnerosos engenheiros do L. P. T. At6 1954, esteve sediada no pro-
prio Instituto e deste recebeu apo-io e substafuciA- auxflio financeiiro direto e indi
reto. At6 hoje o L. P. T. e seus engenheiros pres iamn coialborapao importante as
qatividades da A. B. M.

No caso do L B. S. a colaborapao do L. P. T. tamb6rn foi essencial tendo o
Instituto proporcionado ao L. B. S. os servipos desinteressados e gratuitos de
seus tý5cnicos, durante todo o perrodo inicial de organizapao e estructurapao da-

Colabora~mo aprecig.vel tarnb~r 6 prestada a A. B. N. T. ýAssociapao Bra
sileira de Normas T6cnicas). Em todos esses casos o objetivo do L. P. T. 6 o de
contribiiir para o sucesso dessas entidades L-e interesse nacional, sempre dentro
daquil.. que se poderia denominar de '"espirito do L. P. T. It: (trabaiho desinteres-
sado e entusid.stico para atingir objetivos altos, acirna dos interesses de indivfduos
ou grupos).

A Fig. 4 indica esquemn~ticamente a interdependencia das escolas, Institu-
tos Tecnoi6gicos, Associapoes Tdcnicas e a indddtria, que juntas cooperain paraI o progresso industrial, t6cnico e social do Brasil.

4.4. Setores de Atividade da DIM ET do I. P. T.

Nos seus 32 anos de vida o I. P. T. tern dirigido, a sua atencao para diver-
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SOS setores ou campos da metalurgia. A atenpao, que esses campos tern recebide
tern variado conforme as necessidades do meio e as possibiiidades diainstituipau.

No Qýuadro IV, acha-se indicada suscintamente 2evolucao da DIMET do
ponto de vista dos setores de atividade iniciados emn diversas dpocas.

No Qu.adro V, acharn-se indicadas as Secpoes atuais e os tipos de ativida-
de a que se dedicam prirnzipalmente. Embora sejarn apenas 9 Secpoes trabaiharn
em problemas correspc'ncPntes a urn muito, major ndmero de setores da Metalur
gia.

A seguir sao apresentadas resurnidamente as contribuipoes e atividades da.
DIMET do, I. P. T. nesses diferentes setores. No futuro sera. necess~.rio ampliar
o ndrnero de Secpoes especializadas e, provavelmente, reunf-las em grupos afins,
conforme indicado no Quadro VI. Esta medida, parece necessdria, para que possam
ser melhor atendidos certos setores (por exemplo: solda, pulvimetalurgia, etc.)
em que a atividade atual 6 reduzida, por falta de recursos hurnanos e rnateriais.

SETOR I - MINERIOS E SEU TRATAMENTO

o b j e t i v o s5: Concentrapao de rnin~rios e resfduos industriais de interes-
se rnetalargico.

Just ifi cat iv a: 0 aproveitamento de certosmrindrios nacionais exige
colaborapao estreita entre especialistas em tratarnento de rnindrios (concentrapao)
e especiaiist,-s no processarnento rnetalargico. Ex: aproveitarnento dos itabiritos
na siderurgia nacional ou para exportaipao.

T rab aiho re ali zado e a re al iz ar: At6 cerca de 1940 exis-
tiii Sec~au especializada, equipada para. estudar a concentrapao, e o tratarnento de
mindrios metalurgicos. A Secpao foi extmnta. nessa 6poca devido ao, desenvolvirnen
to de entidades (Instituipoes especializadas; Instituto Geogrffico e Geol6grico e La
borat6rios da Escola Politdcnica). No entanto, parece certo que, no futuro, a exis
tencia no 1. P. T. de Laborat6rio para estudo desses problernas se justificaria, vis
to que, cada vez mais, os problemas da. concentrapao e heneficiamento de rnin~rios
se entrelarpa. Nota-se que a solupao de certos problernas apresentados ao, I. P. T.
fica. prejudicada ou, pelo menos, retardada, pela mnexistencia, de equipe pr6pria.
especializada nesses estudos. Parece aconseihavel, quando possfvel, a reconsti
tuipao da antiga, Secpao.

SETOR 1i - METALURGIA EXTRATIVA DE METAIS NAG FERROSOS

0 b j e t i v o0s: Redupao e refino dos metais nao ferrosos de maior interes-
se industrial para o Brasil.



111-20

QUADRO IV - Evolupao da DIMET do I. P. T. : docas emn que foram
iniciadas atividades mais intensas em setores impo~r
tantes da metalurgia.

Setor da metalurgia Infcto (aprox.)

Ensaios mecanicos .1932
'Vetalografia 1932
Funai~ao de ferroc: fundidos 1940
Areias sifitdticas 1940
Met. extrativa dos nao, ferrosos 1940
Produpao d& apos (ling~tes e peý-as) 1940
Forjamento de apos 1945
Prod. de ligas nao ferrosas 1945
Matt-rias primas sidertlrgicas 1945
Tratamentos t~rmicos industriais 1945
Pulvirnetalurgia 1950
Reducao de mindrios de ferro 1950
Metalurgia ffsica 1950
Corros ao 1960

Justificativa: A necessidade de urn major desenvolvimento da meta-
lurgia dos nao ferrosos no Brasil 6 reconhecida. 0 1. P. T. jd. fez no passado im
portantfssimas contribuipoes e dever9. a fase-las no futuro, visando aproveita-
mento de mindrios nacionais.

Trabaiho realizado e a realizar: Hd.umaSecpaoespecia
lizada sob orientapao do eminente Prof. Dr. Tharcisio Damy de Souza Santos rea
lizou extraordin~.rio trahaliho de estudo, experimentapao em escala piloto, pesqui
sa tecnol6gica, assistencia t~cnica especializada e divulgapao, especialmente no
caso das metalurgias de Pb, Cu, Ni, Al, Zn e, mais recentemente, de uranio.
Foi uma contribuipao inestirnavel e por todos reconhecida. No futuro, jA. nao con
tando corn a colaborapao daquele ilustre Professor, .devera o 1. P. T. procurar for
mar uma nova equipe especializada pois os trabaihos nesse setor evidentemente
precisam. continuar e, ate, se intensificar. 0 futuro da metalurgia dos nao-ferro
sos no Brasil vai depender, e muito, do que venha a ser feita na DIMET do I. P. T.
para a solurpao dos seus problemas t~cnicos. Serb. esseincial desenvolver a mneta-
lurgia dos metais comuns e dos espeejais (W, Nb, Ta, Ti, Cr, Be, Li, etc.)
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QUADRO V - Atuais Secpoes da DIMET e atividades que desenvolvem

(N. B: As Secpoes da DIMET correspondem a setores da
nietalurgia)

I Atividades W0 w c

Z ~O U) 2). 0 00 O

W r-X a) ri.0 cjd

Met. extrativa dos
nao ferrosos - 2 2 1 1 1 1

Mat~rias primas
s iderdrgicas1 3 1 1 - 1 1

Redupao de min~rios
de ferro - 2 1 - - - 1

Produpao de apos . 2 - 1 3 1 1

Fundiý,ao de ferros fundidos - 1 1 2 3 2 1

LLigas nao ferrosas - 1 1 1 3 1 1

Materiais de moldagem 2 2 1 3 1 2 1

Metalografia 1 1 3 2 - 2 1

Frsico-qufniica Metaldrgica 13 1 - - 1

o = Nenhurna; 1 = Pouca; 2 =peivl Intensa
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SETOR III - MATERIAS PRIMAS SIDERURGICAS

Objetivos: Tratamentos metahirgicos de min6rios de ferro (sinteriza-
Qao, pelotizaQao, briqu�t�gern, etc.) Processamento de carvoes para uso meta-
Idrgico. Processarnento de outros materiais de interesse rnetalargico (fundente
e materiais especiais). Caractersticas das mat�rias prirnas siderdrgicas.

Justificativa: A ind�stria siderargica de todo o mundo acha-se inte-
ressada e empenhada no estudo dos processos de preparo das rnat�rias primas de
que necessita em grande tonelagem. Na realidade, pode-se, dizer que metade do
progresso da t�cnica de alto forno nos clltimos 20 anos deveu-se a melhorias das
caracterrsticas das rnat6rias primas usadas. Existem no Estado de Sao Paulo
grandes, m6dias e pequenas empresas sider�rgicas que certarnente muito lucra-
rao corn estudos e pesquisas sistem�.ticas visando a meihoria de mat�rias primas
carregadas nos altos fornos. Al6rn disso, tais estudos tern interesse geral para
o Pafs, muito especialmente para o preparo de min6rios para a exporta�ao.

Trabalho realizado e a realizar: Importante foi a contribui�ao
da DIMET para o conhecirnento dos processos de sinteriza�ao dos min6rios de
ferro, e estudados desde 1945. H�. cerca de dois anos criouse a Secpao especiali
zada que j� fez importantes contribuipoes no estudo da pelotizapao de min�rios de
ferro, por contrato corn a Cia. Vale do Rio Doce, a major exportadora brasileira
de min�rios de ferro. E necess�.rio intensificar ainda mais os estudos e pesqui-
sas tendo em vista a plena utiliza�ao das colossais reservas de rnin6rio de ferro
brasileiras. Tambt�m ser�. necess�.rio iniciar estudos sistern�.ticos referentes aos
carvoes brasileiros de interesse metal�1rgico. Dado o desenvolvimento da ind�1s-
tria siderilrgica brasileira esta Secpao esta destinada a desempenhar papel de re
levo na tecnologia brasileira. E importante ampliar muito as suas atividades.

SETOR IV - REDU4�AO DE MINERIOS DE FERRO

0 b j e t iv o 5: Caracterfsticas fundamentais dos processos industriais de
redupao dos min6rios de ferro (em altos fornos ou por processos especiais). Ana
lise e estudo comparativo dos numerosos processos propostos, visando a selepao
das t6cnicas de major interesse para o Pars. Experimentapao em escala de labo-
rat6rio, ou em escala piloto, de t6cnicas e processos de redupao que apresentem
boas perspectivas de utilizapao no Pafs.

Justificativa: 0 desenvolvimento intensivo da siderurgia nacional 6
urn imperativo. 0 passo essencial em toda a indristria sidertirgica 6 a passagern
do min6rio ao gusa ou ao ferro esponja; uma vez obtido o metal prim6rio (gusa
ou esponja) o processarnento posterior 6 relativarnente facil, em cornparapao.
Os processos do redupao estao em evolupao rapida e o Brasil precisa estud�.-los

intensamente, para poder tirar-Ihes o m�ximo de proveito.



111-23

T rat, alho re aliz ado e a reali zar: Desnecess~.rio assinaiar a
imnv--n~r-j rIng trnhihuhns de~ etudo e pesquisa neste setor da metalurgia, que
compreende nao s6 a redupao dos rnindrios de ferro em altos fornos (talvez os
reatores mais importantes da ind(Istria) como tamb~m a reduq ao por pro cessos
especiais, ditos I"de redupao direta". A DIMET jA fez no passado importantes
contribuipoes para o esciarecirnento desses processos, principalmente quanto a
adaptapao de certos processos de produpao de ferro, esponja. Recenternente foi
criada SecC~ao especializada que precisa ser muito desenvolvida no futuro de mc
do a atender eficientemente a inddstria siderilrgica brasileira nesse importante
s etc r.

SETOR V - PRODUQAO DE AQOS COMUNS E ESPECIAIS

0 b j e t i v o s5: Caracterfsticas, detaihes e problernas especiais da produ-
pao (refino e lingotagem) dos apos comuns e especiais.

J us t i f ica t iv a: 0 1. P. T. tern tradivao neste campo, te-ndo sido pionei
ro na produpao de apos especiais no Pals, por t~cnicas modernas, durante, a dilti
ma guerra. Numerosos problemas persistem e numerosas possibilidades de meiho
ria e invenipao, existem neste setor basico da metalurgia. 0 I. P. T. precisa mante r
equipe ativa neste setor.

Trabaiho realizado e a realizar: Foiimportanteacontribuipac,
da DIMET neste setor. Desde 1940 ha Secpao especializada que trabalhou intensi-
varnente durante a ilitima guerra para ajudar a suprir a inddstria nacional corn
apos especiais ou apos que obedecessern a especificapoes rigidas. Para atender
a indtistria, pnincipalmente no perfodo de 1940 a 1955, foram produzidos milha-
res de toneladas de, pepas cu lingotes (entregues diretamente ou forjados no pr6-
prio I. P. T.) Estudou-se, concomitantemente, a tecnica de operapao de fornos
el~tricos, em vdrios dos seus aspectos de interesseindustrial. Mais recentemen
te tern sido realizadas importantes pesquisas tecnol6gicas visando a adaptacao e,
mesmo, a invencao de novas t~cnica?, mais adaptadas as condipoes locais. Diver
sas patentes tern sido pedidas. E jirportante a continuagao, de tais atividades,
principalmente para a introdupao, e divulgapao no Pais das novas tdcnicas de, pro-
dupao de apo (conversao a oxigerno, use de atmosferas controladas, use do v~.cuo,
etc. ) e de lingotarnento (tkcni-,as especiais de lingotamento descontfnuo e continue)

SETOR VI - FERROS FUNDIDOS

Ob j et iv os : Estudo dos problemas e t,6cnicas modernas de, fundipao de,
ferros fundidos. Fornecirnento a indtistnia local de pepas em ligas especiais, nao
produzidas no Pafs. Prestaqao de assistencia tdcnica eficiente e objetiva.

J us t if icat iv a: Existem no Brasil centenas de fundipoes de ferro fun-
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dido 6 liga da mais ampla e corrente aplicapao, e o estudo das suas caracterfsti-

cas e dos mdtodos de preparapao e fundipao apresenta grande interesse para o

Trabaiho realizado e a realizar: A contribuiipao feitapela
DIMET do I. P. T. neste setor nao pode ser suficientemente louvada. Para a
tecnologia brasileira a organizapao e instalapao de uma fundipac modelo no I. P. T.
por volta de 1940, sob a direpao, do eminente Eng. Miguel Siegel, foA marco im-
portantrssimo. Significou a liberapao das fundipoes locais do artezanato, asse-
gurando-ihes assistencia tdcnica eficaz, por equipe de alto nrvei, usando tdcnicas
modernas em instalapoes mode lo. Signiicou inais; significou a total liberapao
dos tecnologistas brasileiros das peias que os prendiam, at6 entao, ao academis
mo e aos trabalhos de laborat6rio exciusivamente. Atrav~s da SecPao de Ferros
Fundidos e das outras Secpoes correlatar; o I. P. T. pode prestar decisiva colabo-
raq~ao a indust rializa~ao brasileira, fornecendo- 1he "know-how" da forma mats
direta possfvel (isto 6, da demonstrapao em escala piloto) das modernas tecnicas
de fundipao. No perrodo de 1940 a 1950 a Secpao de Ferros Fundidos trabalhou
ativamente em regime quase industrial, fornecendo pepas de todos os tipos e di
vulgando t~cnicas atrav~z de desenas de trabaihos publicaelos. Hoje, corn o pro
cesso da indilstria nacional a enflase deve desiocar-se para o estudo de problemas
especiais e para a pesquisa sistemn~tica, sewio o trabalbo de fornecimento de pe-
ipas inteirarnente secundd.rio.

SETOR VII - FUNDIQAO E ELAI3ORAQAO DE UIGAS NAG FERROSAS

0Ob je t ivo s: Estudo dos probleinas e detathes das t~cnicas de preparo e
de fundipao, em areia de li'±as de alumfnio, de cobre, da nfquel, etc.

J u st if icat iv a: Existem nio Estado e no Pars, centenas de fundipoes de
ligas nao ferrosas. 0 processo correto e a fundipao em areia dessas ligas apre-
sentam problemas de dificuldades que devem ser esttidadas e pesquisadas por ins
tituipoes como o I. P. T. para benefrcio geral da inddstria nacional.

Trabalho realizado e a realizar: 0 trabalho deste grupo da
DIMET foi e continua a ser muito semeihante ao da Secpao de Ferros-Fundidos.
Hd Secpao especializada que 6 uma das unidades da DIMET mais solicitada no que
diz respeito a assistencia t6enica e a produpao experimental de pepas e ligas es-
peciais (fundidas ou forjadas). Esta atividade continuar6. a ser importante no futu
ro imediato, dada a grande variedade de ligas nao ferrosas especiais que cada vez
mats interessam a indristria brasileira. No entanto, ser6. necessdrio, tamb~rnq
aqur recorrer cada vez mats ao estudo e a pesquisa tecnoi6gica corn o objetivo deU adaptar e desenvolver novas t~cnicas e materiais, ou aperfeipoar os conhecimen-
tos relativos aos processos e ligas j6. em uso.
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SETOR Vill - FTTNTUCAO DE A(QOS

Sb j et i v os: Estudo dos detaihes e probiemas da tdcnica de fundipao de
pepas de apos comuns e especiais.

J ust if i cat iv a: A fundipao de apos apresenta dificuldades especiais.
0 parque industrial brasileiro necessita de apolo, tdcnico de alto padrao para po-
der desenvolver este setor da metalurgia corn seguranpa e corn o rnfnimo de per
das. 0 1. P. T. deve ser capaz de fornecer todas as informapoes necess~rias e
de resolver, atravds de pesquisa, os problernas especfficos que existem ou ven-
ham a surgir.

Trabaiho realizado e a realizar: A atividade da DIMET setor
ternsido muito limitada, embora tenha existido sempre, em pequena escala.
Nunca se chegou a desenvolver "kn~fow how" pr6prio aprecilvel, capa~z de possibi-
litar uma eficaz assistencia a inddistria. E necess~rio, no futuro irnediato, fazer
corn que a DIMET promova, neste setor, estudos e atividades sernelhantes as
desenvolvidas pela British Steel Castings Research Ai.sociation, por exemplo.
E necess~.rio divulgar t~cnicas, aperfeigoS.-las e adaptq.-las as condipoes das
fundipoes de apo brasileiras.

SETOR IX - PROCESSOS ESPECIAIS DE FUNDIQAO

0 bj"t lv os: Estudo e demonstrapao de tdcnicas especiais e modernas
de fundipao (fundipao de precisao, shell molding, fundipao em moldes permanen
tes, fundicpao sob pressao, etc. )

J us t if icat iv a: Numerosas s ao as tecnicas hoje utilizadas industrial-
mente para a obtenpao de pepas especiais (para a inddlstria automobilfstica, de
utensflios, de aerondutica, etc). E necessftria a existencia de urn centro espe-
cializado, no estudo, e na divulgapao dessas tecnicas, no Brasil.

Trabalho realizado e a realizar: A ativioade da DIMET neste
setor foi limitada, ate o momento, mas e imprescindfvel urn grande impulso nes
te setor onde tantas novas t~cnicas tern surgido, possibilitaiido, grandes progres-
sos da inddstria de fundipao. 0 objetivo deverl ser principalrnente o de obter pe
pas isentas de defeitos internos, corn superffcie perfeita e lisa, e obedecendo a
tolerancias dirnensionais estreitas. Serl. necessfirio estudar s item Atic-mente o
divulgar os processos de fundipao que usam moldes especiais de todos os tipos
(inclusive os semi-permanentes e permanentes), e aplicarn todos os recursos m 'o
dermos de preparo, de ligas (especialmente vacuo e/ou pressoes elevadas). Serf I
necessd.rio desenvolver e acumular conhecimentos que coloquem o 1. P. T. em
condipoes de assegurar o futuro desenvolvimento da t~cnica de fundipao no Brasil.
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SETOR X - MATERIAIS DE MOLDAGEM

Objetivos : Estudo das caracterrsticas e processamento de ma-teriais
detinuosa rpeo iainlde a it-11cspr a--nfipa d c;as(a~~'

sintdticas, revestimentos para fundipao de precisao, etc).

Justif icativa: 0 sucesso da maicria dos processos de fundiý:ao depen
de principalmente das caracterrsticas dos materiais dos moldes em que o metal
lrquido 6 vazado. Justifica-se, pois, a existencia de urn ndcleo especializado na
elaborapao o ensaio desses materials.

Trabalho realizado e a realizar: Pionei-a foi aDIMET do Ins
tituto de Pesquisas Tecnol6gicas no Brasil, no estudo, ensaio sistem~.tico e pre-
paro de areias sint6ticas de fundipao. Concomitanternente corn a Sec~ao de Fe-
rros fundidos foi organizado em 1940 o Laborat6rio de Areias (hoje Secpao de ma
terias de Moldagem) e instalado equipamento moderno para o preparo de areias
sint~ticas de fundipao. Passo decisivo, esta iniciativa do I. P. T., contando es-
pecialmente corn a colaborapao do Eng'g Miguel Siegel, jA. mencionado anterior-
mente, impririiu urn impulso extraordin~.rio a teenologia de fundipao local. Po
der-se-ja dizer que, de urn s6 goipe, ganhou-se 10 anos de progresso. Gradati
varnente, pelo exempio e atravds da assistencia t~cnica do 1. P. T. , foram as fun
dipoes abandonando suas "Iterras de fundipaotl escolhidas por tradipao, para se
equiparem corn instalapoes, mGdernas de preparo de rnateriais tecnic-amente pre
parados e controlados. No futuro as atividades desta~. Secpao deverao dirigir-se
para o estudo dos mate riais especiais usados nos processos de moldagem "lem
cascatt (shell molding), fundi.-ao de prowsao, moldes serni-permanentes, etc.
HA. muito que fazer nesse setor.

SETOR XI- TRAINSFORIVACA0 MECANICA

0 b j e t i v o s : Estudo de detalhes de especial importancia par-- a pr~tica
dos processos de lamina;!ao, forjamento, trefijapac, extrusao, etc.

Justificativa: A transformapaomrecanicapclos processos de lamina
pao, forjamento, etc. , 6 usada intensivamente na indcistria metal~rgica para a
produpao de chapas e perfis de ligas ferrosas e nao ferros as. A formapao de uma
equipe especializada no estudo dos detalhes dos mesmos, no I. P. T., certamente
contruibuirl. para o desenvolvimento da inddstria metaltirgica local.

Trabalho realizado e a realizar: Durante adltimaguerrao

Instituto de Pesquisas Tecnol6gicas, dispondo de instalapoes piloto para o fcrjaE
mento de apos e ligas nao ferrosas, contribuiu significativamente para a indils-
tk'-a local, fornecendo-Ihe materiais especiais de difrcil ou impossfvel importa-
pao. Ainda hoje muitos dos materiais fornecidos pela DIMET a pedido da inddi's
tria ou repartivoes pitblicas sao forjados. Isto permitiu e continua a permitir a
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equipe do I. P T. uma experiencia direta corn os problemas de deformapao meca-
nica de ligas ferrosas e nao ferrosas, estimulando a soluc~ao desses problemas se

primeiros podemos citar o trabaiho "Prodiipao de eletrodos girantes em liga Cu-
Co-Si"l (produppao por fundipao e lorjamento). No ca-zo da pesquisa sistematica
podem , s citar os estudos atualmente em cursu sobre o efeito de inclusoes e fa-
ses intermetd.licas dispersas sobre a platicidade a quente dos alpos de baIxo -car
bono (pesquisa patrocinada pela Fundapao de Amparo a Pesquisa, do Es :ado de
Sao Paulo) Numerosos- outros trabalhz.s relativos ao efeito das condipoes de
trabaiho (tensoes, temperaturas, etc.) e da naiureza do metal ou liga (pureza,
inclusoes, etc. ) sobre a deformapao plAstica industrial deverao ser desenvolvidos
futuramente.

SETOR XII - PULVIMETALURGILA

o b j e t i v o s: Estudo das tdcnicas para obtenpao de materiais ou proprie-
dades esneciais pela compressao e aglomerapao de p6s rnetdlicos.

Justificativa: As tdcnicas da "metalLr-gia do p6" oupulvimetalurgia
sao hoje empregadas para a produpao industrial de enorme variedade de pecas
corn propiedades as mais diversas. (Exemplos: pastilhas de metal duro, iJuchas
auto lubr ific antes, pepas de precisao, materiais magndticos, contatos el4tricos,
etc).

Trabaiho realizado e a realizar: A apao do !.P.T. neste setor
da metalurgia, como em muitos outros, consistiu, no estudo especffico de Lima mo
derna tdcnica, seguindo-se a sua transplantavao e adaptapao para as nossas con-
dipoes. 0 EngQ Vicente Chiaverini foi pionero nessa. atividade, no Brasil, divul
gando a tdcnica e realizando estudos espeejais em escala piloto, na DIMET desde
1945. No momento, por falta. de suficientes recursos humanos e materiais, a
DIMET nao mant6m atividades neste setor. No entanto, 6 cer-tamente necesma~rio
que, no futuro pr6ximo sejam retomados os estudos experimentais dos problemas
relacionadcos corn a produpao de materiais e pepas corn propriedades especiais,
objetivos atrav6s da pulvimetalurgia. Esta tdcnica, em constante progresso, exi
gird a atenpao da DIMET, para o beneffcio da tecnologia, nacional.

SETOR XIITL - SOLDA

G b j e t i v o s5: Estudo dle detalhes e problemas dos processos industriais
de solda (solda de baixa temperatura, brazind, solda a arco, solda oxiacetilenica,
argonarc e heliarc, aplicapao de revestimentos, solda a ponto ou por eletrodos C1
rantes, etc).

J u s t i f i c at i v a: Os processos de solda. sao empregados industrialmente



111- 28

para a producao dos rnais diversos tipos de pepas e estruturas. A variedade das
tdcnicas empregadas 6 enorme, tendo predorninanternente urn car~ter de "arte"
mats do (*ue de ?ItecnologiaII. Restarn n~imerosos probiemas a serem atacados e
resolvidos medisnte estudos e pesqu~isas sistemd.ticas. 0 1. P. T. deveria criar urn
nC~cleo para tais estudos e pesquisas, corn o objetivo de assistir a indlistria local
ern problbrnas especiais.

Trabaiho realizado e a realizar: Aatividade daDIMET neste
irnportaznte setor da teenologia metalurgica tern se limitado aos ensaios e exames,
especiairnente os exames metalogr~ficos. Este trabalho, embora importante, nao
6 suficiente para o apoio eficaz a indclstria local e ao desenvolvirnento da tecrnolo-
gia nacional. E necessdrio, no futuro, manter urn pequeno grupo ativo no estudo
e na pesquisa tecnol6gica do.- problernas de juný.ao de metais e ligas pela deposi-
c~ao de metais lfquiflos oii pela uniao direta (caldearnento, solda a ponto, solda ul
tra-Gonica, etc).

SETOR MIV - TRATAMENTOS TERMICOS

01)j e tivo0S: Estudo de tdcnicas e problernas espeojais relacionados corn
a pratica dos tratarnentos tdrrnioos industriais.

Justificativa: Toda a indtlstria autornobjirstica de rn~quinas e equip&-
rncntos depeinde do uso de pec~as tratadas termicarnente. HA. uma variedade enor-
me de tratarnentos tdrrnicos, muitos dos quais nao sao siquer conhecidos na nessa
inddstria. E necess~.rio divulgar "know how" especializado e, mesmo, realizar
certos tratarnentos termicos muito espeojais para atender a necessidades prernen
tes da indilstria. A divisao de Metalurgia do 1. P. T. nao pode estar ausente neste
setor.

Trnb)aIho i-ea~z ado e a realizar: A oontribuieao doI. P.T. nes
te setor foi enorrne e decisiva. Desde a decada dos 30 o trabaiho bern conhecido,
do grande Engenheilro Hubertus Colpaert difundiu os conhecimentos essenojais pa-
ra a compreensao e apiicapao da t~onica de tratarnentos terrnicos dos apos e ferros
fundidos Foi urn trabaiho brilhante e efioaz, efetivado atrav~s de ensaios, exa-
mes metalogr~.ficoý;, assistencia teonica direta, informapoes, estudos especiais,
divulgapao, etc. Por volta de 1950 chegou a ser constiturda urna Sec~ao especiali
zada dotada dos mais modernos equiparnentos para tratamento t~rmico industrial
em pequena escala. 0 objetivo foi sempre o de dernonstrar diretarnente a inddls-
tria tdcnica e equip anne ntos, adaptando-os as condipoes brasileiras quando neces-
s.rio. Corn o desenvolvimento extraordin'"rio da indiistria local, por~m, as ativi
dae dessa Secpao tornararn-se de secund~ria importancia. No futurc' ser6 pre-
ciso, pordm, reiniciar o estudo sistern~tico e a pesquisa tecnol6gica dos proble-
rnas relacionados corn a teonica de tratarnentos t~rrnicos dos metais ferrosos e
nao-ferrosos, sempre tendo em mira abrir carninho para a inddstria local, seja
resolvendo-Ihe problernas. seja apontando-Ihe novas tecnieas e possibilidades.
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SETOR XV - TRATAMENTOS SUPER FICIAIS

0Ob jet iv o s: Estudo de tdcnicas e problernas especiais de interesse pa-
ra a prdtica industrial dos tratainentos superficiais (cernentapao, nitretapao, cro
rnapao, galvanizapao, estanhapao, etc.)

J us t if ic at iva: Os tratarnentos superf iciais &ao de uso generalizado na
inddstria metalirgica e mecanica. Existe uma variedade, enorme de tratamentos,
corn problemas que exigem conhecirnentos especializados para a sua soluipao. Ca-
be ao I. P. T. divulgar tecnicas e resolver problemas para a nossa inddstria, man-
tendo equipe especializada que possa inclusive colaborar na elaborapao de especifi
cap~oes.

Trabaihos realizados e a realizar: Limqitada foi aatividade da
DIMET neste setor, no passado, embora tenha havido estudo e assistencia tdcnica
a indristria no qu~e respeita aos tratamentos de cernentapao, nitreta~ao, tempera
superficial, etc. Comno sempre, apreciavel foi o trabalho de exame metalogrdfico
e assistencia tecnica pre stado pela Seccao de Metalografia. De outro lado, nas
instalapoes expe.-imentais forarn realizados muitos tratamentos de cementapao e
nitretapao para a inddstria, acompanhados de estudos sistemAticos, em algurs ca
sos. Ainda hoje hd inchistrias que estao recorrendo as instalacoes do I. P. T. para
tratamentos delicados de nitretapao gasosa. No futuro 6 preciso manter uma equ~i
pe, por pequena que seja, ativa no estudo da tecnologia dos tratamentos superfi-
ciais industriais, muito especialmente dos tratamentos de protepao (galvanizavao,
estanhamento, anodizapao, fosfatizacao, etc), que pouco foram estudados no pas-
sado, pela DIMET.. Tais problemas tornam-se cada vez mais sdrios para uma in
ddstria que evolue rapidaniente e exige cada iez mais tratamentos desses tipos e
de outros de mais recente desenvolvirnento (metalizapao a vacuo, por proje~,ao,
etc).

SETOR XVI - METALOGRAFIA FERROSA

0 b j e t i v o s : Estudo da natureza, estrutura, comportamento, proprieda-
de e aplicapoes das ligas ferrosas (apos) de interesse industrial.

Su st if ic at iv a: E conhecida e enorme colaborapao que a Seccao de Me-
talografia dc I. P. T. prestou a inddstria brasileira no pass ado. ~A hoje os proble
mas apresentados a Secpao sao de rnatureza muito mais complexas exigindo cada
vez mais umn elevado grau de especializapao da equipe da Sec~ao. Justifica-se,
pois, o desdobramento da mesma em 2 secpoes, sen-do uma a de Metalografia fe-
rrosa.

Trabaiho realizado e a realizar: 0 esf.dto sistemAtico danatu
reza, estrutura e propriedades das ligas ferrosas foi .ie..envolvido na DIMET do
I. P. T. a urn alto grau, especialrnente pela atividade do Engenneiro Hubertus Col-
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paert, j.1 mencionado. 0 acervo da Secpao de Metalografia da DIMET 6 extraor-
____ri P na Pxistem vr rirrin i d irntjeirn waoi-0 do nuie alimit n~i ^^ouj~~ nilt-c r a n~

ihe equiparern. H6. 30 anos, essa Secpao presta ao pdblico e a inddsttria JInfiorma
poes pieciosas sobre o 's ferros fundidos. Desenas de rnilhares de Certificados,
Relat6rios e inforrnapb~s foram preparados Para atender as solicitapoes da indd1s
tria. Nos ultimos anos', colabcrap~ao da Secpao corn a inddstria mecan-ica e espe
cialmente a industria autornobil fstlca, atrav6s das mwlltiplas f6rmas de assisten-
cia possfveis,, foi enorme. E essencial que essa* destacada posipao da Secpao, co
mo rndcleo de estudo e acuipulapao de conhecimentos sobre a tecnologia das ligas
fe-rosas, seja preservada. - Abu~ndante tiso dos mais modernos conhecirnentos de
metalurgia Mrica 6 imprescindrvel, sendo necessdrio o aperfeipoamento de tdcni
cos nos melihores Iaboret6rios do exterior. E de notar que os problemas que esta
solicitAdrssirna Se,-,ao 6 chamada a estudar, se complicarn e se diversificam cada
vez mais. Pelo menos aigumas dezenas de Relat6rios expedidos anualmente tern o
carater de verdadeiras pesquisas tecnol6gicas.

SETOR XVII - METALOGRAFIA DOS NAO-FERROSOS

o b je tiv 05: Estudo da natureza, estrutura, comportamento, proprieda
des, e aplicapoes das, ligas nao-ferrosas de interesse industrial.

Justificativa: Vale para esta Secpao a mesma argumentap!ao apresen
tada no caso da Secpao de Metalografia Ferrosa. Corresponderia esta Secpao a
Metalografia dos Ferrosos a urn desdobrarnento da Secpao de Metalografia exis-
tente.

Trabaiho realizado e a realizar: Naoh6.Secpaoespecializada
na Metalografia dos Nao- Ferrosos. As atividades neste setor, embora aprecid.-
veis, nunca chegaram a assurnir a importancia das relativas as ligpfz ferrosas.
Isto 6 explicg.vel, eis que o uso de ligas nao-ferrosas se intensifica e se diversifi.
ca quando a industrializapao atinge nrve), elevado, comr, somente recenternente su
ce-deu no Brasil. As solicitacoes feitas ao I. P. T. Para a solupao de problernas
relacionados corn as ligas de Al, Cu, Ni, Co, etc., fatairnente aurnentarao rnuito
nos pr6ximos anos, sendo necessd.rio criar equipe especializada de alto nrvel.
Esta dever6. aplicar os rnais rnodernos conhecirnentos de rnetalografia e mnetalurgia
ffsica ao estudo da natureza, estrutura, propriedades e comportarnento emn servipo
daquelas ligass.

SETOR XVIII - PROPRIEDADES E ENSAIOS DE METAIS

Objet ivo: Estudar, de urn ponto de vista rnetal~irgico, o cornportarncnto
dos rnetais e ligas a trav6s de ensaios mecanicos, qufmicos e eppeciais.

Just if i cat iva: A indicapao de ligas Para aplicapoes industriais a inter
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pretapao dos ensajos irnprescindrveis para a caracterizapao das mesmas deve ser
feita de urn ponto de vista metaltirgico (corn base em detaihes da estrutura crista-
lina e do comportamento de metais e ligas).

T rab aiho re ali zado e a re ali zar: Apezar do seu cardter derom
tina, os ensaios mec~.nicos executados pelo I. P. T. (centenas de milliares) nern
por isso deixaram de ser essenciais ao desenvolvirnento da inddstria local. A
Secpao, especializada que existe desde a criapao, do I. P. T. como orgao, indepen-
dente, nao se limita, pord, a simples execucao, de ensaios. Sempre prestou infor
mapoes t~cnicas e assistencia a todos os que a proct.ramr, tendo sido muito num~e
rosos os estudos sistem~ticos ar realizados visando aquilatar caracterrsticas de
materiais metd.licos ou sua adequapao para aplic,-zA( o ndustrial. Sendo os me-
tais e ligas usados principalmente pelas suas cara'ýAerfswticas mecanicas, excusa
do parece apontar a importancia. desse trabaiho. A Secpao, devera continuar essa
atividade no futuro e intens;ificl.-la, visando atender a diversificapao, e especializa.
pao crescente do uso dos metais corn finalidades estruturais ou mecanicas. Serb.
essencial equipar a Secpao para arealizavao de ensaios especiais, sem esquecer
a formapao, de equipe de alto nrvel, possuidora. do que de mais moderno existe nIos
conhecimentos necess~rios a cornpreensao e interpretapao, do comportamento eld.s
tico e pld.stico dos metais.

SETOR MIX - ENSAIOS ESPECIAIS E CONTROLE DE QUALIDADE

o b j e t i v o s: Realizar. estudar e interpretar ensaios especiais (relativos
a propriedades eldtricas, eletromicas, magn~ticas, etc), e m~todos de controle da
qualidade de produtos met~licos (exames nao destrutivos, especialmente).

Ju s tif icativ a: Corn a evolupao da indtistria o estudo e interpretapao
dos ens aios e m~todos especiais de controle da qualidade dos produtos metaltirgi-
cos (pepas e materiais metd.licos) assumem cada. vez maior importancia. Cabe a
institutos de tecnologia o trabaiho de estudar, analisar e aperfeiipoar esses rndto-
dos, dando assistencia tdcnica a inddstria.

T rab a Iho re aIi z ad o e a r e aIi z-ar: Foi lirnitada, embora aprecifk
vel, a atividade da DIMET neste campo. E preciso devotar crescente atenpao a
realizapao de ensaios especiais visando determinar caracterfsticas de interesse
para aplicapoes eldtricas, eletronicas, magneticas, qufmicas, etc. 0 estudo, das
tecnicas e problemas pertinentes ao controle de qualidade na indilstria metaltirgi-
ca tamb~m precisard ser desenvolvido, atendendo a crescente solicitapao, desta.

SETOR Xa - ESPECIFICAQOES E NORMAS METALURGICAS

0 b j e t i v o s: Estudar especificapoes para produtos metaltirgicos, tendo
em conta as exigencias dos consumidores e as limitapoes dos processos de produ
pao.
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Just if icat iva: 0O1. P.T., como orgao independente de interesses de
-~.~e'*~-'~ cam-Ad a cloarna fivntnn e no juilqmento de especi

ficapoes sob o aspecto tdcnico. Dada a importancia evidente das especificapoes
para a indlistria, moderna, essa colaborapao precisa ser prestada pelos institutos
de tecnologia comno o 1. P. T.

T rab aiho re ali zado e a re ali zar: Sempre foi importante aati-
vidade do 1. P. T. no setor de normas e especificapoes, sendo prestada colabora-
cao a quase todas as iniciativas da ABNT (Associapao Brasileira de Normas Tdc
nicas). Nao cabe a urn Instituto de Tecnologia preparar normas; no entanto, cer
tamente Ihe cabe a tarefa de estudo dos aspectos t~cnicos (metaldrgicos, no caso)
das normas em preparo ou estudo, aquilatando a sua pertinencia ou exeauibilidade
atravds da aprecia-pao t~cnica ou, mesmo, experimentapao sistem~tica. Iid no
I. P. T. Secpao es 'pecializada, embora nao dnicamente para normas metaldrgicas.
SerA preciso intensificar o estudo destas (Iltimas.

* SETOR XXI - APLTICAQOES DE METAIS E LIGAS, COMPORTAMENTO EM
SERVIQO

Ob j et i v o s: Estudar os problemas de aplicapao de pepas e materiais me
t~licos nas indgstrias: eldtrica, mecanica, qufmica e de construpao civil. Reco-
mendar materiais para fins especfficos. Verificar e interpretar o seu comporta-
mento em servipo.

Justificativa: A existencia de umnespecialista ou deuma equipe t4-cni
ca experiente na recomendapao de materiais met~licos e no estudo dos problernas
de aplicapao dos mesmos pode ser de extraordin.Ario auxflio ao desenvolvimento
industrial num Pals novo.

Trabaiho realizado e a realizar: Enorme foi acolaborapao que
o I. P. T. prestou a industria no estudo de metais, ligas ou pec~as em condiý:oes de
serviipo. Este trabalho foi o resultado da atividade de diversas Sec(.oes (como as
de Ensaios Mecanicos, de Metalografia, de Ferros Fundidos, de Ligas Nao- Ferro
sas, etc). A assistencia t~cnica assim prestada foi de valor inestim~vel para o
desenvolvimento industrial do Pafs nos dUtimos 30 anos. 0 diagn6stico de anoma-
Has estruturais ou superficiais, a busca de relapoes de causa e efeito entre caracte
rfsticas e comportamentm,, etc. Nos parses industrialmente avanpados as inchistrias
dependem da existencia de especialistas na escoiha e desenvolvimento de materiais
(especialmente materiais met~licos) para aplicappoes especfficas. Nao se trata aqur
do simples conhecimento das caracterfsticas gerais de umn material, mas do conhe-
cimento e experiencia referentes a aplicapoes e comportamento em servipo, em con
dipoes especiais e peculiares. A alterappao ou substituipao de especificapoes 6 fre-
quentemente necess~ria. Essas atividades, de ex-traordin~ria importancia para a in
dtistria, dependem de urn cont~cto rntim o corn esta para se exercerem eficazmente.
SerA. preciso contar, no futuro, corn especialistas dedicados integralmente a este
mister.
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SETOR XXII - TEGNOLOGIA DA CORROSAG

O b j e t i v o s5: Estudar os problemas de corrosao encontrados nas mdlti-
plas aplicapoes industriais e domdsticas dos metais e ligas, dando-ihes soluipoes
ou prevenindo-os.

Ju st i f i c at iv a: Reconhecidainente, a corrosao 6 fenomeno respons~vel
por enormes perdas e gastos (corn a prevenp!ao do fen6meno, as reparapoes de da
nos que causa ou a total perda de pecas, equipamentos ou instalapoes). Cabe a
urn Instituto de Tecnologia dispensa a assistencia tecnica necess~ria a diminui-
pao ou eliminagao de tais prejurzos.

T rab ai1ho r e a1i zad o e a r eaIi z a r: Foi limitada, embora aprecil
vel1, a ass istencia prestada pelo 1. P. T. neste setor. Constitui essencia.lmente no
estudo de problemas especrficos trazidos pela inddistria (ou entidades governarnen
tais), geralmente do fracassos e faihas em servipo. A Secpao, de, Metalografia
prestou importante assistencia neste, setor. Hoje a Secpao de Ffsico-qurmica Me
taldrgica estA. praticamente dedicada (no momento) ao estudo desses problemas,
que se multiplicam. No futuro serb. preciso ir mais al6m, criando Secpao espe-
cializada. e incentivando as pesquisas e estudos sistem~ticos visando o meihor en
tendimento e divulgapao do comportamento dos metais na corrosao, principalme~n
mente em condipoes de uso industrial (corrosao sob tensao), ,A~aque por substan
cias especrficas, corrosao em campos eldtricos, corrosao atmosf~rica, etc.)

SETOR XXII - FISICA DOS METAIS

0 b jet ivo 5: Estudo, fundamental da natureza e das propriedades mecani
cas, el~tricas e magn~ticas dos metals e ligas.

J us t if ic a tiva: 0 desenvoivimento, da ciencia dos metals e ligas tern
sido extraordin~.rio nos dMtimos anos e sua importancia ultrapassa os limites dos
laborat6rios para encontrar import antfs simas e numerosas aplicarpoes na solupao
de problemas da indtdstria metalilrgica e na ahertura de novas possibilidades para
essa indtlstria.

Trabalho realizado e a realizar: Limitadafoiaatividadenes
te setor bdsico da metalurgia. Nao havendo uma aplicaqao direta e irnediata dos
resultados de estudos deste tipo, e dada a limitavao dos recursos humanos e ma-
teriais da DIMET, nao foi possfvel, nem muito, interessante, at6 o momento, uma
atividade importante neste setor. Esta atividade limitou-se ao estudo te6rico e
divulgapao (alil.s abundante) de, princfpios gerais e da teoria ffsica dos metals e
suas propriedades. No futuro serlt necess6.rio ativar esta "antena't , cuja princi-
pal utilidade estarA nas ferramentas cientff icas que proporcionarl. as Secpoes da
DIMIET, mas que tambdm poderA contribuir diretamente para a solupao de proble
mas especiais trazidos pela inddstria. Pesquisas de car~ter fundamental (nao
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s6lidos e lfquidos aplicada aos materiais rnet~.licos).

SETOR XXIV - FISICO-QUIMICA METALURGICA

0 b j e t i v o s: Estudo fundamental da termodinamica e da cin~tica das rea
Sgoes metaldrg~c a-s -de particular interesse para a inddstria metaltirgica. Estudo,
de, problemas ou processos fundarnentais, de urn ponto de vista cientrfico.

J ust if ic a t iva: A verdadeira "revolupao"l que se vein process ando na
metalurgia desde, a altima guerra somente foi possfvel atrav~s da utilizapao inten
siva dos conhecimentos cientrficos para a solupao de problemas de pesquisa funda
mental e de pesquisa aplicada. A formagao de uma equipe especializada no estu-
do e na pesquisa relacionada corn as reapoes rnetaldrgicas 6 essencial para asse
gurar, as bases necess~rias para o trabaiho de urn instituto de tecnologia, no cam
po da metalurgia.

Trabaiho realizado e a realizar: A contribuipao daDIMET nes
te setor bdsicod ciencia dos rnetais tern sido, limitada, at o momento, ao estudo
te6rico e divulgapao (alids intensiva) dos princrpios e fatos principais da terinodi-
namica e da cin~tica das reapoes metaldrgicas. Essa contribuipao, feita muito es
pecialmente nos fWirnAos 10 anos, ernbora de carater acadernico nao deve ser subes
tirnada, eis que forneceu ferramentas inentais para an~.lises de, nurnerosos proble-
mas pr~ticos estudados no I. P. T. ou na inddstria local diretarnente. No futuro se
rAt preciso contar corn equipe inteirarnente, devotada ao estudo da terrnodin~,mica e
cin~tica metalurgicas, principalmente para o fornecirnento de ferrarnentas cientffi
cas para a soltavao de problernas da tecnologia inetaltirgica no Brasil.

SETOR XXV - DOCUMENTAQAO TEONICA SOBME METALURGIA

0 b j e t i v o s5: Existe na literatura t~cnica estrangeira e nacional un ver-
dadeiro manancial de informapoes sobre rnateriais e processos inetaldrgicos, o
mais das vezes inacessrvel ou de difrcil selesaoc.. E necessdria a existencia de
urna equipe especializada na reuniao, avalizapao, tradupao, resurno, c6pia, dis
tribuipao e divulgapao de dados sobre materiais e processos metahirgicos de es
pecial interesse para a inddstria nacional.

J ust if i c at iv a: Outros parses dispoern de centros de se lepao e distri
buipao de ýinformacoes t~cnicas de literatura estrangeira. No Estado de Sao Pau
lo, a existencia de urn centro dessa natureza, especializado em problemas da, in-
dgstria metaltirgica tern. sernpre mais alta utilidade para o aurnento do "know how"
especializado no Estado e no Pafs.

Trabaiho realizado e a realizar: Na.Seccao de Metalografia
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sernpre houve, desde a decada dos 30, sob crientacao do Engý- Colpaert, Lima pre
ocupaý-ao corni a selerao e classifea,ýav dos traualuI'., iii VaLLUbUb UU IILMIZLUL4Z

t6cnica estrangeira Mais recenternente, a preocupapao, corn a documentapao, t6 ,c
nica foi retomada e no momento jA. se procura rever sitem~ticamente a literatura
de alguns setores, selecionando, fotocopiando e divulgando os trabaihos de major
interesse oara a indlstkia metaldrgica local. Esta atividade deverd. ser ampliada,
por irnprescindrvel. Desnecesodrio citar a atividade de documentacao, t~cnica
desenvolvida. em alguns parses avancados; ela nos indica, sem dclvida, que urn mr
nirno de doc.ý-mentapao sistemn~tica no campo da metalurgia precisa. ser reunido
por urna entidade como o 1. P. T. Urna Secpao especializada dever.1 existir -no fu
turo Para servir de intermedi~ria ~riteriosa entre o caudal vultoso da literatura.
t6cnica estrangeira e a inddstria metaldrgica brasileira.

SETOR XXVI - EQUIPAMENTOS INDUSTRIAIS E INSTRUMENTAQAO

o b j e t i v o s5: Estudar, projetar e prestar informapoes sobre equipamen
tos industriais de especial interesse Para a incitstria metaltlrgica. Organizar corn
pleto arquivo e acervo, de inforrna~oes t~cnicas sobre equipanientos nacionais e es
trangeiros, disponlveis Para consulta Para indd1stria local.

Justificativa: 0 problemadaescolha do equipamento 6 um dos m~is
importantes na instalapao de novas inddstrias ou na, ampliapao das existentes.
Por falta de inforrnapoes indepencentes de interesse comercial essa escoiha 6 fre
quenternente infeliz, corn resaltantes aurnentos dos investimentos e dos custos de
operap~ao. Uma equipe especializada nesses problemas, no I. P. T. pode contribuir
Para o desenvolvirnento seguro da inddistria rnetaldrgica nacional.

Trabalho realizado e a realizar: Atrav6s da militipla assisten
cia t6cnica que presta a industria o I. P. r'. tern tanbdrn fornecido a esta, indica-
poes importantes referentes a equiparnentos especializados, No entanto, Para que
urna assistencia eficaz possa ser prestada no futuro 6 preciso que haja uma equipe
embora pequena estudando caracterrsticas e aplicapoes de equipamentos especial-
rnente destinados a indtdstria. metalfirgica. Essa equipe poderd entao, prestar a in
dustria brasileira, informapoes t~cnicas livres de interferencia de interesses co
merciais. PoderA. tarnbd.r auxiliar a indflstria na eiscolha e no projeto de novos
equiparnentos, contribuindo assirn Para o rnais rdpido progresso industrial.

SETOR XXVII - ESTUDOS ECONOMICOS DE PROCESSOS E MATERIAIS

Ob j et iv o s: Proceder a estudos dos aspectos economicos de materiais
ou processos metalfirgicos no nosso melo, fornecendo a indflstria local orientagao
em problernas cm que os aspectos econornicos nao podem ser separados dos tdcni
COS.
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J us5t if i c at iv a: No estudo de problemas especrficos, na prestacao de
assistencia t~cnica ao meio e Wt na escoiha de rurnos para a pesquisa interv~rn
Corn frequenoin quesrpctioe nncr~tpr ecnnominn- qe nPreiganm ser esQtiiidnrio nor
especialistas. A eficiencia da ajuda tdcnica a inddstria metalargica local ficarA.
muito ampliada se for completada corn esse U~po de estudo.

Trabaiho realizado e a realizar: Naocabempropriamenteno
I. P. T. os estudos de natureza econornica no entanto, tantas sao as oportunida-
des em que una an~.lise econornica tern irnplicacoes t~cnicas que serb. necess~trio
pensar em desenvolver tais estudos, no 1. P.-T.-, naqueles problernas e setores em
que existe urna estreita e total interdependencia entre os aspectos tdcnicos e eco-
nornicos.

5. OS MEIOS: FATORES OU RECURSOS NECESSARIOS AO
DESEMPENHO DA MISSAO DOS INSTITUTOS DE TEONOLOGIA

Se a preocupa~ao corn a an6Aise dos objetivos e das atividades dos Institu-
tos de Tecnologia nos Pafses em desenvolvirnento jA. nao 6 frequente, a andlise
fria e l6gi ca dos meios realmente necess~rios para a sua operapao rnais rara
ainda 6. No entanto, obviamente os objetivos*nao poderao ser atingidos senao
existirern os meios (fatores ou recursos) necess~rios para alteracao segundo
os rn~todos apropriados. Assim sendo, julgou-se de interesse analizar aquf
tamb~m os 'meios necess~.rios aos Institutos de Tecijologia ern geral, e a DIMET
do I. P. T. em particular.

Estes meios (fatores ou recursos-) podern ser grupados em 5 classes:.
Recursos rnateriais propriarnente ditis (equipalnentos,* P~pafelhos, rnateriais es-
peciais, etc. ): Recursos haranos (pelssqal); Recursos t~cno-cientfficos (conhe-
cimento, experiencia e bagagern tdcno-cientffica da instituicao e de seus funcion'l
rios): Recursos Financeiros; Recursos Administrativos (c~pacidade de planeja-
mento, organizapao e adrninistrapao das operaC~oes da Instituicao).

A ordern de cit~pA~o acirna adc~ada nao 6 necess~rianiente a~da importancia
relativa dos diversos fatores considerados. A seguir sao exaniinados os diferen-
tes fatores citados.

5.1. Recursos' Materiaiq

Nos Parses em desen~volvirnento 6 problerna grave pira as ins *tituipoes de
pesquisa. em geral, e para os Institutos de Tecnologia, em particular, a escolha e
a obtenpao dos equipamentos apareihos, instrurnentos e rnateriais especiais ne-
cessfirios a sua operapao. A falta de anMise cuidadosa dos problernas a serern
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enfrentados. do trabaiho a ser rea1i-zdno e d-as condipoes- 10cais virgentes 'erni leva
do a distorpoes e erros 66rios.

E hem conhecida a propensao, inocente, mas nem porisso menos infeliz,
dos pesquisadores e pro fess ores dos Parses novos a escoiherem para seus labora-
t6rios certas unidades de equipamento, caracterizadas pclo prevo elevado, pela
delicadeza de sua operapao, e pelas limitapoes da sua utilidade. Desejosos de
promoverem o progresso t~cnico ou cientffico de seas Parses, mds sem preparo
e experiencia suficientes, essas pessoas sao levadas, pelo sea pr6prio entusias
mo e pelos argumentos de vendedores interessados em comissoes polpudas, a es
coiherem equipamentos que depois permanecem sem uso e corn pouca esperanga
de aproveitamento futuro. 0 ndImero de dilatometros, apareihos para difrapao de
raios X, microsc6pios 6ticos e eletronicos e at6 reatores nucleares que hoje exis
tern espaihados pelo mundo e sem uso que justifiquem o sacrifrcio feito para ad-
quirr- Los 6, infelizmente, muito grande. E preciso por urn fim a erros desse ti-
po.

A escoiha dos equipamentos, apareihos e instramentos para os institutos
de teenologia nos Pafses em desenvolvimento deve ser feita lembrando: os objeti
vos reais da instituicao; as possibilidades de utilizapao eficiente do equipamento:
o sacrifrcio que a sua aquisipao representa para a coletividade em urn Pars de e~s
cassos recursos.

0 tipo de equiparnento escoihido deve ser adequado as condivoes locais.
As dificuldades na obtenpao da sobressalentes e accessorios e na manuteppaoL e16
trica, mecanica ou 6tica devem ser consideradas. Devem ser preferidos equipa
mentos simples e para uso de materiais em pequena escala. As tentap~oes sao ho
je maiores do que nunca, quando existem equipamentos desenvolvidos para as
condipoes ultra-especializadas de trabaiho e pesqaisa que prevalescernem Parses
avanp ados industrial e cientrficamente.

Ainda quanto ao tip0 de recursos materiais necessd.rios a operapao 6ficiente
de urn.Instituto Tecnol6gico numf Pars em desenvolvimento 6 preciso que se diga
que, o mais das vezes, o que realmente falta nessas instituipoes sao os access6-
rios, os componentes simples, sem os quais nenhum trabal~ho pode ser realmente
realizado: os pares termo-eldtricos e seas refrat~.rios delicados, as lixas metalo
gr~.ficas dos d:-versos tipos necess~rios, as aluminas e outros materials de poli--
mento, os pirometros de tipos simples, os medidores simples (de pressao, e tern
peratura, de vazao, de velocidade, d-e umidade, etc), materiais de laborat6rio,

et.Foi somente depois de 10 anos de operacpao como instituipao independente e,I
especialmente, face a uma conjuntura muito bern definida (situapao de guerra) ne-
cessidade imperiosa de industrializapao do Pars, existencia de condipoes mfnimas
que asseguravam o exito da iniciativa) que o I. P. T. , decidiu, por volta de 1940,
adquirir e instalar na sua DIMET equipamentos caros (no caso, de tipo semi-indus
trial).
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No caso do 1. P. T. a situacao hoje, no que respeita aos recursos n'ateriais
para desenvolvirnento da tecnoiogia rnetah~irgica e a seguinte: existern -quipaxnez1-
tos abundantes e caros de tipos adequados as atividades desenvolvidas nos dois pri
meiros perfodos de sua evolupao (ensaios, an~.lises e exarnes no prirneiro perfedo,
atd 1940, divulgaipao e adaptap~ao de t~cnicas industriais no segundo perrodo, de
1940 a 1950). Dispoe o 1. P. T. de: 6tIimos equipamentos para os ensaios rnec~.ni-
cos c1dssicos; apareihamento aceit~vel para metalografia 6tica corrente; equipa-
mentos cl~ssicos, de tipo semi- industrial, para o preparo e controle de areias de
fundipao, fundipao de ferros fundidos, fundipao, de apos e ligas nao Iferrosas, forjaý
mento e larninapao, tratarnentos t~rrnicos e preparo de rnateriais por metalurgia
do p6 (pulvirnetalurgia). (Muitos desses equipamentos estao sendo aproveitados
para realizapao, de pesquisas).

E necess~.rio agora renovar o equipamento da DIMET, adaptando-o aos ti
p05 de atividade hoje n~ecess~rios (estudos especiais, pesquisa tecnol6gica, e al-
guma pesquisa fundamental e divulgavao de recentes t~cnicas e materiais, tudo
isto correspondendo ao 4 9 perrodo da evolupao da DIMET). E essencial elirninar

& ~certos equiparnentos, adaptar alguns, trocar outros e complernontar o conjunto de
novos apareihos e instrurnentos. Isto deverd ser feito sernpre corn o objetivo de
atingir urn nfvel moderno de controle e de precisao sobre os processos e rnateriais
estudados ern escala de laborat6rio, visando a solupao de problernas da metalurgia
nacional.

A tendencia deverA ser, agora, a de escoiher apareihos e insthumentos ver
s~.teis, precisos e eficientes para o desempenho das novas rnissoes da DIMET
(principairnente a solupao de problemas atrav~s da pesquisa tecnol6gica).

5.2. Recursos Hurnanos

Reside aqur una outra dificuldade das jovens instituivoes de teonologia, dos
Parses emn desenvolvirnento: a da reuniao do pessoal necess~.rio e suficiente para
a ac~ao da instituicao. Quanto ao ndmrero de funcion~.rios Ma, gerairnente lirnitaooes
severas. Quanto aos niveis de preparo e correspondentes sa1l.rios hA 1irnitapoes e
inadequapoes decorrentes de regulamentos estatais ou da cornpetipao de urna indds-
tria as vezes pequena mas sempre A.vida por pessoal t~cnico. Quanto as qualifica-
poes existem tambdrn dificuldades s~rias: insuficiente ou inadequado preparo dos
elernentos de nfvel universit~.rio; dificuldade de conseguir pessoal de nfvel rn~dio
qualificado e adaptado so trabaiho em instituipoes de pesquisa (eletricistas, meca
nicos, etc).

E preciso notar que urn instituto de tecnologia liecessita pessoal corn as qua
lificapoes adequadas a diferentes tipos de trabaiho: laborat6rio, escrit6rio, oficinas,
instalapoes piloto, servipos gerais.

No caso particular do I. P. T. 6ssas dificuldades tern sido resolvidas "pari
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passu" corn a evolucao da instituieao A xeini aqiia-iO .T alvez

possa resurnir-se como segue:

- Ligapao estreita corn urna boa escolav. de engenh~aria (Escola Polit6cnica da
Universidade die Sao Paulo), permitindo que tdcn*icos M~ lecionem e propor-
cionando aulas prdticas aos estudantes; isto contribui para charnar a aten-
oao dos estudantes para a instituipao e despertar seu interesses.

- Admissao de assistentes-alunos que sao funcionirios do I. P. T. em regime
especial, colaborando nas suas atividades normais, sempre orientados por
t~cnicos esperimentados.

- Equiparacao dos saldrios pagos no I. P. T. aos mais attoL irveis atribuidos em
regime acad~mico (sal~.rios pagos na Universidaci, de Sao Paulo para regime
de tempo integral).

- Existencia de possibilidades de progresso hier~.rquico e de oportunidades
para estudo e aperfeipoamento t~cnico na. pr6pria institui(!ao ou no exterior.

- Manutenpao de urna orientapao objetiva de selevao dos mais aptos e elirnina-
pao (muitas vezes inconsprcua) dos menos adaptados a instituipao.

Em consequencia pode se afirmar que o I. P. T. dispoe hoje de urn corpo
t~cnico (engenhei;7os, tdcnicos de grau rn~dio, mestres, operdrios especializados,
pessoal de escrit6rio, etc), que se equipara em qualidade aos corpos die emprega-
dos das meihores inddstrias locais. Deficiencias existem mas se limitam a certos
setores e funpoes especializadas.

A DIMET conta ~tualmente corn 15 engenheiros e 70 funcion~rios de diver-
505 nfveis.

E de notar que entidades como o I. P. T., devido a perda de funciond.rios
(atraftios pela indiistria, designados para outras funpoes. aposentados), enfrentam
sempre s~rios problemas corn a rnanutenpao da continuidade dos seus trabaihos.
Esta continuidade nao pode ser quebrada sem grave risco. As perdas tern quxe ser
contrabalanpadas pela admissao e forrnapao contfnua de novos elementos de valor,
procurando-se reter urn quadro rnfnirno que assegure a vida da instituiaao.

No caso da DIMET do I. P. T. a perda contrnua de elementos de alto valor,
atrardos pelas oportunidades existentes na inddstria, embora tendo correspondido
a mais de urn servipo prestado, conduziu a urna situapao diffcil. Hd no momento,
urn corpo tdcnico insuficiente em ndmrero e treinamento (formado por engenheiros
jovens que precisarn ser preparados pela especializapao no exterior).



111-40

.3. Recursos tdcno-cientrficos

A importancia. deste fator nao precisa ser assinalada. A Pagagem t~eno-
cientffica aucumulada p'or urn instituto de tecnologia, e disponrvel para o seu tra-
baiho, seja pelos Conhecirnentos e experiencia de seus t~cnicos, Seja polo acervo
de documentos dos seus arquivos, seja pela biblioteca de que disponha, evidente-
mente 6 fator decisivo para o cumprimento da sua miss ao. 0 pr6prio prestrgio e
passado de uma instituic~ao lhei~rnecern possibilidades de contacto corn entidades
nacionais e estrangei-ras, permitindo a bbtenpao, direta ou indireta. de informapoes
dteis a sua tarefa.

Convdrn mencionar a.3 origem3 do capital tdcno-cientffico de uma institui-
ipao como o I. P. T.:- o prer.qro universit~rio dos seus t~cnicos; a experiencia, ad
quiric~a na atividade, constante e int erisa de assistencia, a indiistria; a !.-.perimenta
pao, e o estudo; o alto- didattismo; os estdgios e cursos efttuados por Sells t~cni-
cos no exterior; o intercarnbio constante corn t~cnicos do Pafs e do exterior; a
cooperapao no ensido em cursos regulares ou especiais; etc.

No que respeita a natureza desse capital tecno-cientffico comv~m lernbr4r
que, no caso da DIMET do I. P. T., ele consistiu nao apenas no conhecimento aca-
dernico ou de laborat6rio mas, especialmente nos dois primeiros perfodos da sua
evclupao, nos conhecimentos prAticos e na expeziencia, pessoal direta de conclipoes
industriais de trabalho. Daquf para diante ý preciso: divers Aficar os conhecirnen-
tos da, equipe, de modo a atender a m-uito maior variedade de problemas; aumentar
as suas bases cientfficas dando-Ilhes assim as ferramentas essenciais para a solui-
Cpao, de probiernas cada vez mais complcxos e difrceis apresentados por uma indds-
tria em rd.pida, evol~upao. E precise que se diga, que os Pafseb avanpados podem,
se o desejarem, fazer enormes contribuiCpoes para o desenvolvirnento industrial
dos Pafses novos atrav~s da cooperapao para que os recursos Lecno-cientfficos
,'recursos de natureza intrinsicamente intelectual) os institutos de tecniologia des-
tes tditimos possarn se desenvolver rapidamente. A concessao de bolsas de estudo
especializado; a criapao do oportunidade de estdgio Ude treinamento, em laborat6rio
e inddistrias cvolufdas; o envio die especialistas para o traba'-io e ensido por cur-
tos perfodos nas instil.uipoes locais; o fornecimento de literatura t~cnica abundan
te e gratuita (livros, revistas, publicapoes diversas); tudo isto, se realmente efe
tivado tendo em vista os legrtirnos e .-eais interesses do)s Pafses em desenvolvi-
mento poderia sef fator decisivo para a vit6ria da "lievolupao t~cnol6gicall nessas
napoes. infelizrnente, essa ajuda tern sido extremarnente limitada e, mesmo
quando tern existido, tern sido frequentemernte orient',ada de forma totalmente ira-
dequada anis fins gerais em vista (a incomp'ceernsao das condigoes locais tern cana

a 1~izado ajuda para pesquisas cabfveis em Pafses evolu~dos mas injustificd.veis em
Pafses atrazados e pob-Les).
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Destes recursos dependem, naturalmernte, as disponibilidades de quase
todos os outros j6L mencionados. As possibilidades de financilamento sao: gover-
namentais (federais ou estaduais); financiarnento por parte da inddstria; financia
mento por enti~dades'(nacionais e estrangeiras) especialimente destinadas a ajuda
fi lantr6pica ou desinte ressada; auto- financiarnento.

No caso do I. P. T. o financiarnento 6 cerca de 65% oriundo do Governo-do
Estado de Sao Paulo e 35% oriundo do auto- financ iarn~nto. 0 1. P. T. cobra por
ensaios, andlises, exames, estudos e relat6rios encornendados, rnateriais forne
cidos, etc. ; nao cobra por infcrrnapoes e cooperapao t6cnica. variada que presta.
todos os dias aos que o procuram. Tarnb6m deve ser dito que, dadas as condi-
coes locais, os prepsos cobrados apenas cobrern urna parte dos custos reais dos
trabalihos realizados sob pedido. 0 1. P. T. geralmente s6 cobra set's servipos
quando: hA. pedido expresso de urn interessado; as inforrnapoes ou dados forne
cidos nao sao de interesse coletivo evidente; haL necessidade de elaborar e for-
necer docurnento escrito.

Al6m destas fontes regulares o 1. P. T. tern recebido pequenas parcelas de
ajuda federal; pequenas par celas da. Fundapao de Amparo a Pesquisa& do Estado
de Sao Paulo, que apenas inicia. suas arividades dirninutas e raras parcelas de aju
da desinteressada por parte da inddstria; p.',aticamcnte nenhurna ajuda internacio
nal.

A dependencia. do financiarnento governarnental e natural; nurn Pars novo a
indastria nao dispoe de capital suficiente, nem siquer para. a sua pr6pria expansao,
sendo 0iffcil que ajude substancialmente a instituipoes que visarn o interesseý cole-
tLvo. No Brasil, por6rn, a evoiupao industrial estO chegando a urn ponto em. que os
empres~.rios ccrnegam a se interessar efetivarnente pela ajuda aos institutos tecno-
l6gicos.

5.5. Recursos Administrativos

A capacidade de planejarnento, organizapao e adrninistrapao, da operapao de
emnresas e instituipoes 6 notoriarnente faiha nos Parses novos. E especialrnente
falha ern algumas entidades dirigidas por cientistas,. pesquisadores e professores.
Estes frequentemente sao desprovidos da. experiencia e do feitio hurnano que fazern
o born adrninistr'tdor. Resultarn entao desastres er~.tristecedores,nao faltando exern
plos de instituipoes que brilbarn nomentanearnente para se extinguirern logo depois,
entrande -rn regirne de estagnapao resignaria. Muitas vezes atribue-se a culpa ao
Governo ou a faiores externos a instituipao quando na realidade a faiha cabe aos seus
diriger~tes.

0 planejamento, organizapao, e adrninistrapao de novas institui~oes de tecno
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logia merece, pois, a mais ciiidawiosa atenpao, pois dessas avoes depende toda a
Vida esucesso dessa~s entidades essenejais ao desmnvoivimento industrial. Deixa
rnos propositadamente para o fim a cons iderapao deste decisivo fator, realmente
primordial. e que condiciona todoq os outros.

0 planejarnento, orgamizapao e adrninistrapao de instituipoes devotadas a
tecnologia implica, exige ou se condiciona como segue:

a. Existencia de perfeita compreensao daF condicoes e necessidades do Pars
e dos objetivos a atingir. Hd, infelizrnente, instituipoes pautadas por pre
dilepoes pessoais ou erronea compreensao dos verdadeiros interesses de
urn Pafs. Os preciosos recursos nelas enipregados nao encontram, assirn
a utilizacao a quo a coletividade teria direito. E porisso importante que to
do o planejamento, organizapao e operacao sejam executados por pessoas e
grupos plen tmente concientes dos objetivos a atingir e das possibilidades
do Pafs.

b. Capacidade de planejar a criavao e a evolupao da instituipao de acordo corn
as necessiclades, condipoes e objetivos cabfveis no Pafs. E essencial que
as pessoas ou grupo encarregado da terefa tenha real capacidade e experien
cia administrativa e t6cnica, al6m da cornpreensao mais acima rnencionada.
Isto 6 mais facilmente dito que cumprido, especialmente nos Pafses emn de-
senvolvimento, e mais aipida no caso de instituipoes governamentais. No e 'n
tanto, rnesmo quo o grupo dirigente da institui~ao nao tenha a mais ai'ta ca-
pacidadc t6cn,)ica e experiencia administrativa desej~vel, mesmo assim, se
tiver born sep-so certamer,ýe pode recorrer aos exemplos do outras institui-
poes bern sucedidas, especialmente DOS Pafses avan~ados. Esta colabora-
pao deve ser, por6rn, buscada corn crit6rio e discernirnento pois, doutra
forma, h,1 o perigo do se copiar em modelos inadequados. Este perigo e
tao mais real quanto 6 frequente encontrar-se t6cnicos dos Pafses avanpa
dos que, desconhecendo ou esquecendo inteirarnente as condipoes e reais
problernas 'ocais aconseiharn carninhos errados, embora corn a meihor das
intenvoes. Urn erro frequente 6 aconseihar que as instLituipoes dos Pafses
em desenvolvirnento considerem a arnplia~ao do conhecirnento cientrfico --o*rno un obietivo "per se". Ora nesses Parses o essencial C6 usar a ciencia
como neio ou reca-rso, aplicando os conhecirnentos cientfticos azb~undanes,
jAi existentes. para o desenvolvimonto da produpao e da produtividade locais.
Este argurnento pode iiao ser v~lido para Pafses '- mo a Argentina, que fe-
lizrneno j.1 ati ngiu pad~rao de vida rn6dio similar ao dos Parses europeus,
mas C, -trtamncnte v'll do no Br asil. oncle a existencia de rnilhoes de criatu-
ras vivendo em condý.cut.s rniser~veis 6 argumento irre~pondrvrel e irretorquf
vel em favor da c-Ibje-.ividade, da u rgencia, e da colocavao dos interesses

imediatos do desenvolvimento acima das predilepoes cientrficas de alguns
pesquisadores. De formna alguma vai este argumento contra a ucia; mui
to pelo cont r~rio, exatamente para o mais r~pido progresso dos parses atra
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zados 6 imprescindfvel a ciencia, mas como ferrarnenta ou meio e nunca
corno objetivo ou firn.
Estd. claro que, se de urn lado ý preciso evitar o academismo de torre de
marfirn, 6 igualmente perigoso cair no ernpi-risrno de vista curta.

c. Capacidade de analisar continuarnente a instituipao nos seus vdrios aspec-
tos, observando e corrigindo comfiexibilidade as variapoes dos objetivos
irnediatos e as flutuapoes das disponi'- .idix's de recursos de todos os ti-
pos. Esta atenpao a evolupao do Pars exige enorme capacidade de trabaiho;
born senso; cultura geral; conhecimento de3 problernas econornicos, indus-
triais, tdcnicos e cientrficos; comrnieensao, hurnana; capacidade de dire-
cao; entendida corno a capacidade de inspirar, estirnular e orientar o tra
baiho ca equipes q pessoas.

d. Busca constante do entrosarnento corn o rneio industrial e tdcnico do Pars,
sern o que a instituipao corre a risco de evoluir afastada da realidade e fu
gir aos seus prop6sitos verdadeiros. Este entrosamento e contato precisa
assumir as mais v'ariadas forrnas, desde aquelas que decorrern diretarnen
te das atividades norrnais da instituipao, atd aquelas que devern se originar
de urn esforpo especial de colaboraý:ao e intercambio. E essencial nao es-
quecer que a finalidade dttirna dos institutos de tecnologia 6 a de servir a
indastria e a coletiviiiade, da rnelhor rnaneira possfvel, sob todas as for-
mas vidveis. E preciso interessar a inddstria e nao aguardar que esta ati_
ja o grau de mn-'. idade que a fapa expontaneaxnente procurar a ajuda das
instituipoes de tecnologia. E preciso dernonstrar interesse por seus pro-
blernas e compreensao por seus pontos de vista, qi'e as vezes chocarn os
t.6cnicos que nao cornpreendern que a inddstria deve, antes de tudo, ser
econornicarnente eficiente. Certas solupoes, embora tecnicarnente corre-
tas, nao sac muitas vezes industrialmente vi~veis.

e. Total isen-pao pessoal e integral devotarnento dos administradores e t6cmi-
c-os. Ernbora difrcil, deve-se ter sernpre corno objetivo a elirninapao dos
conflitos, predilepao e arnbipoes pessoais, diante dos interesses urgentes
e rnaiores da coletividade. Isto 6 especialmente v~.iido nos Pafses novos e
de baixo padrao de vida, onde a apao, dos t6cnlicos tern que assurnir urn ca-
rater quase rnissiondrio. A mfstica do desenvolvirnento edo progresso tdc-
nico 6 a clnica que poderA. eficazmente contrabalangar a dernagogia destruti-
va baseada no desespero. A ess a tarefa grandiosa, as equipes dos Institutos
de Tecnologia de Parses novos devern devotar-se totalmante, nao sendo ad-
missrvel a duplo ernprego e a atividade de temnpo parcial. Clara estd que ca
be aos administradores assegurar condipoes aos tdcnicos para que possarn
trabalhar sern preocupavaes externas.

No caso do I. P. T., e da sua DIMET, as condipoes acirna indicadas tern sido
razoavelmente obedecidasz. Desde a sua criajpao carno entidade independente o 1. P. T.
de Sao Paulo (1934) foi orientado por hornens plenarnentte conscientes da missao da
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missao da instituipao no Pars, conscientes das necessidades de possibilidades da
tecnolo~ria local. y.scene dos- mecso ftoe d cu sri

mao para ajudar o desenvolvimento industrial. A visao do Prof. Ary Torres, o
idealismo do Dr. Adriano Marchini e a integridade do Prof. Maffei, sao bern co-
nhecidos e, juntamente corn as qualidades de numerosos outros t~cnicos, torna-
ram possivel, o aparecimento e desenvolvimento daquilo que se poderia charnar
de "o esprrito ipeteano't , misto de objetividade, idealismo e correpao no cumpri
reneto das missoes da instituipao.

Conv6rn dizor algumas palavras sobre os aspectos administrativos do
I. P. T. 0 Instituto de Pesquisas Tecnol6gicas 6 uma autarquia estadual: 6 uma
instituipao mantida polo Governo do Estado de Sao Paulo mas dotaL a de bastanto
independoncia administrativa. Estd. subordinada dirotamente ao Go iernador do
Estado. E dirigida por urn Conselho de Administrac~ao constituido de quatro mem
bros Indicados pola Congregapao da Escola Politdcnica, dois membros indicados
polo, Instituto de Engenharia de Sao Paulo, dois pela Foderapao das Inddsatrias do
Estado de Sao Paulo e urn reprosentante da Secretaria da Fazenda do Estado. A
direpao executiva cabe, a urn Superintendente, escolhicdo pelo Governador entre
tres nomes apresentados polo Conselho. Este mesmo sistema vigora na indica-,
pao dos membros do Conseiho quo sao escolhidos pelo Governador, de listas ..
apresentadas pela Escola Polit6cnica., Instituto de Engenharia e Federaq ao das
Inddstrias. Tal sistema da a Instituipao uma grande autonomia administrativa e
total liberdade t6cno-cientffica. A presenpa de represontantes da inddstria e da
engenharia local no Conselho contribui para o estreitamento dos lapos entre a
instituipao e o meio tdcnico e industrial.

0 I. P. T. possui 5 Divisoes T6cnicas (Metalurgia, Civil, Qufrnica, Madei
ras e Mecanica) e uma Divisao de Servipos Administrat~vos. 0 Superintendente e
os Chiefes de Divisao constituem uma Junta T6cnico-Adaninistrativa, encarrogada
de gerir atividades da Instituipao como 6rgao delegado do Conseiho.

-As Divisoes sao subdivididas em Seccoes e Servipos Auxiliares. Atd hoje
todos os Superintendentes e chefes de. Divisao foram t6cnicos corn dipl.-ma Univer
sit~rio e quo adquiriram a sua experiencia no 1. P. T. A fig. 5 indica o organogr~a
ma atuai do 1. P. T.

E preciso que so mencione o fato de que, dianto do progresso extraordina.-
rio da Inddstria Brasileira nos dltimos anos e diante do fato do estar o 1. P. T. ago
ra perdendo numerosos colaboradores por aposentadoria, a capacidade do planeja-.
mento e adrninistrapao dos seus dirigontes vai ser particularmente solicitada nos
pr6ximos anos, no sentido do adaptar a instituipao a condipoes bastante diversas das
qu.e vigortram at6 if0 anos atrds. No caso particular da DIMET 6 importante, aci
ma de tudo, formar unia nova oquipe atravds da orientaceao cuidadosalec-dda estdgios
no exiertior. Al6m disso 6 imporioso i-ever as finalidades imediatas da DIMET, am
pliando-a e orientando-a cada vez mais no sentido do melhor atonuer as necessida-
des da coletividade. 0_2Quadro VI, indica uma possfvel organizaq ao futura para a
DIMNET.

17--.- - - . - -=-- -
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QUADRO VI - SETORES DE ATIVIDADE TEONICA E SERVIQOS
AUXILIARES DESEJAVEIS PARA A EXPANSAC DOS
SERVICOS QUE A DIMET DO 1. P. T. PRESTA A
METALURGlA BRASILEIRA

SETORES DE ATIVIDADE TECINICA

A. Grupo Metalurgia Extrativa
1. Min~rios e seu tratamento
2. Metalurgia extrativa dos iiao-ferrosos
3. Mat6rias primas siderdrgicas
4. Reducao de mindrios de ferro
5. Producao de aý-os comuns e especiais

B. Grupo de Fundipao
6. Fundi,-ao de ferrcs fundidos
7. Fundipao e elabora-ao de ilgas nao-ferrosas
8. Fundicao de apos
9. Processos espeojais de funcdipao
10. Materiais de moldagem

C. Grupo de Metalurgia de Transformapa
11. Transformapao mecanica

12. Pulvimet~alurgia
13. Solda
14. Tratamentos tdrmicos
15. Tratamentos superficiais

D. Grupo de Metalografia
16. Metalografia ferrosa
17 Metalografia dos nao-ferrosos
18. Propriedades e ensaios mecanicos de metais
19. Ensalos especiais e controle de qualidade
20. Especificapoes e normas metaltlrgicas
21. Aplicapoes dos metais e ligas. Comportamento em servico
22. Teenologia da corrosao

E. Grupo de Metal urgia B~sica
23. Frsica dos metais
24. Frsico-qurmica mk taldrgk,,a

F. Grupo de Estudos T~cnicos
25. Documentapao tdcnica de inetalurgia
26. Equipamentos industriais (metallirgicos)
27. Estudos econ6rnicos de processos e materiais

SERVIQOS AUXILAARES
Secretaria
Controle de Materials
Servipos Td,:nicos Auxiliares (desenho, manutenipao, etc.)
5e-lo Diversos
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6.1. A apao dos Institutos de Teenologia 6 da mais alta importancia para o pr~o
gresso industrial e social dos parses novos.

6. 2. Os Objetivos, rndtodos, recursos e atividades desses Institutos precisarn
ser analisados corn realismo e cuidado, de modo a permitir 0i planejamen
to, a organizapao e a operapao eficienites e dteis a coleti~idade.

6. 3. As atividades desses Institutos e, especialmente, as pesquisas neles reali
zadas devem ter car~ter predominante de ýaplicaao a solupao de problemas
existentes, utilizando ao m~vximo a ciencia corno urn meio ou recurso e nao
como objetivo direto.

6. 4. A ajuda por parte dos Pafses desenvolvidos serd. particularmente eficaz
quando dirigida aos Institutos Tecnoldgicos, escolas e Associapoes T~cni
cas dos Pafses em desenvolvimento.

6.5. A DIMET do 1. P. T. de Sao Paulo contribuiu decisivamente para o desen-
volvirnento da indlstria metaltirgica brasileira, a qual prestou uma assis
tencia t~cnica continua e multiforme.
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FIG. 2 -INTERDEPENDANCIA ENTRE A INDOSTRUA METALtJR-
GICA E AS OUTRAS INDOSTRIAS.

[inarajao Geragio de en!Lgi

Mnrilob, vi 7 ) Ene rgia

LjId~tria m etalurgica

(Metais e ligas:

(larninados, for jados, etc.)

____________(f I___________________
Industria Industria Industria de Industria
Macinicaj Ifllerica Constrtiao JQulfmica

Eaupientos Ger.radores Edificios ateriais
Ma~j~na.Circuitoo Ferrovias Reagea6

0ecuo Motores Estrutua'as Pla"Sticos
etc. Trazisforxmadores etc. Vidros

C ontroles etc.

etc.

-z- ---. -- . --~O01 i:-----w T



M1-49

00
HZ 0

00
00

0 u

Zo

0z 0t0

z z

.$41- .- 4 o U

0p5 C4 cl ~U ~

01 01 11

.4 .. m 0 ~ 01 40*
-~~1 Viz CH )Hz O. Z1F"I



HI-5 0

U~ 0o
44 o4

0 rnn

'4 C4 to~.4 jw

u2
0

U -4

Zoo
0,~h 0

.4ý
0-

Z oZ

14 .0 P44

0

~W z

0uI

-~~~~~ --- wnrw~~ ~-



IR1-51

FIG. - 5 ORGANOGRAMA ATUAL DO 1. P. T. (SIMPLIrICADO).
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PLAN DE AC'1 WIDADES DEL DEPARTAMENTO DE METALURGI.A DE LAP
CO)MMO]N NACIONAL DE ENERGIA ATOMICA, ARGENTINA

por Jorge A. Sabato

El Departarnento de Metalurgia fud creado como un Servicio, de Metalurgia
en 1955. En 1957 fud transformado en Divisidn y contd entonces con sus primeros
laboratorios provisorios. En 1rj0 fud convertido en Departamento -dependiente de
la Gerencia de Tecnologfa de la CNEA- y se tras lad6 a sus actuales. labor&Ltorios.

Sus actividades se han realizado, siguiendo tres liheps fundanientales:

- Investigaci6n y Desarrollo

- Asistencia t~cnica directa a la industria metaldrgica argentina

- Entrenamiento

La tarea realizada en cada una de esas lfneas en el perrodo 1957 - 1963 ha

sido la siguiente:

a) Publicaciones

En ese perfodo personal del Departamento de Metalurgia ha publicado al-
rededor l1e 50 trabajos en diversas revistas t6cmicas de car~.cter interna-
cional, v presentado otros 10 en reuniones cientrficas realizadas en distin
tos pafses.

b) Reumiones Cientilicas,

El Departamento de Metalurgia organiz6 tres reuniones cientfficas interna
cionales:

- Primer Coloquio Latinoamericaio de Pulvimetalurgia (noviembre deI
1961)

- Coloquio Internacional 1ElI Impacto de la Metalurgia FfsF'a en la
Tecnologfall (Abril de 1962)

y colabor6 muy activamente en la realizac-i6n de las Primieras Jornadas
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Metaltirgicas Argentinas (Noviembre de 1959), organizadas por La Socie-

dad Argentina de Metales.

C) Contratosde Investigaci6n

EL Departamento ha realizado y realiza, investigaclones por contrato, pa-
ra las siguientes instituciones:

C.I.T.EF.A. (Argentina)
Organizaci6n de los Estados Americanos
Office of Naval Research (USA)
Army Research Office (USA)
Atomic Energy Commission (USA)

d) Subsidios

El Departamento ha recibido subsidios, para realizar investigaciones, de
las siguientes instituciories:
- Consejo Nacional de Investigaciones Cientrficas y T�cnicas (Argen-

tina)
- National Science Foundation (USA)
- Organizaci6n de Los Estados Americanos
- Organi.zaci6n Intcrnacional de Energfa At6mica (Viena, Austria)
- Fundaci6n Ford
- Air Force Office of Scientific Research (USA)

e) Patentes

El Departamento ha obtenido las siguientes patentes:
1. Producci6n de aleaciones de uranio-alur�iin.'o empleando hexafluo-

r�ro de uranio.
2. Sinterizaci6n continu�' de 6xido de uranjo.
3. Un nuevo tipo de atm6sfera protectora para La sinterizaci6n de co

bre y sus aleaciones.
4. Soldadura de aluminio y sus aleaciones empleando un arco de

10. 000 Hz.

f) E�ementos combustibles para reactores nucleares

]�A Departamento de Metalurgia ha fabricado* elementos combustibles pa-
ra el primer nticleo del Reactor Nuclear RA-1, primer reactor construfdo
en Latinoam�rica. Estos elementos combustibles eran del tipo Argonauta;I
U3 08 (enriquecido 20%) - Aluminio en polvo envuelto en placas de Aluminjo.
EL m�todo utilizado para La prod'icci6n de estos elementos combustibles fu�
luego vendido a una firma alemana.

-. �. �-�--�-:- - _ _______- - �
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- Elementos combustibles para el segunde ndeleo 0.0 ReActor RA-1.
barras de U0 2 (enriquecido 20%) - grafito, envuelto en. tuhois de AV.

- Y de los elementos combustibles para el primer 1.1cleo dc:1 reactor
RAEP, 5 MW: Al - 15% U (eiwique-ifin 99%i 1v iwio:a er un ekremelto

tipo MTR.

9) K2eTLos. Ext ranjeros

Por perfodos variables entre algim'3s semawis y a Ig.') ~ts ." -
emperiado en el Departanrr-nto de Metalurgil amroxim.- 5m"-!0 vfn.tlur-
gistas extranjeros procedentes fie distiritos pafs'ýs, etrx- oti-0 Estados Uri
dos de Am6rica, Gran Bretafta, Francia, Alerni-i'a,. Rijsia, Cana'16. Aulstra
lia, Chile, Brasil, Austria, Suecia, etc.

Asistencia Tdcnica a la In~Ius-'ria Metaldrgica

En Marzo de 1961. el Departarn ento de Metaiurgia de la Comisi6:,, 'Naciown*1
de Energia At6mica, COL1 la cooperaci6n de )a Asociaci6p de Industriales Metaliirgl
cos de la. Reptiblica Argentina, puso en marcha el primero -v hasta abnra idhico-
Programa de Asistencia Tdcnica a !a Industria Metaldirgica Arge -ri'7d, cr'aw~do
tal efecto un organismo, especial: el SATI (Serviejo dcý Asist'-i ijcia r76v-ica't a l; lIn-
dustria Metaltirgica).

1. Obietivos del SATI

El SATI es una instituci6n de bien ptiblico (non-profit. orgarizacioný. Es un
organismo mixto, pues si bien administrativamente forma parte de la Ge-
r23ncia de Tecnologfa de la CNEA, su existencia deriva del conv':!n.io entr"ý
la CNEA y la Asociaci6n de Industriales Metahiirgicos que establece, ent rc
otras cosas, que la A. 1. M. contribuirA al presupuesto de fiurcionnimiento
del SATI, que el Director de 6ste mantendr't plenamento- if~formsidqs; a las
autoridades del A. 1. M. en todo to referente al funcioixlamiento del SATI y
que un delegado de la A. 1. M. supervisarg personalmente dicho funciona-
miento. Por otra parte, el SATI brinda sus servicios a todo industrial ar
gentino, pertenezca o n6 a la Asociaci6n de Industriales Me'alfirgicos.

Los objetivos del SAT! son los siguientes:

a) Prestar aisesoramiento cientffico-tecnoltiegic a la industria m,;-ta-
Ifirgica argentina en todos los prcblemas derivados de la fabricewi6n
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y uso de metales. aleaciones y productos :,emi-~elaborados y el-abo
rados.

b) Difundir nuevos in~todos do produ-ci6n, !a aplicaci6z' de nuevos me
tales, de otras zriaterias prirnas, de m~.quirnas e iristruamentOE.

C) Facilitar el acce~so a una mejor y m~s cornpleta informacift cientr
fica y t6cnica.

d) Desarrollar nuevos rndtodos de control ele calidad.
e) Emprender las inves~idgaciones de desarrollo que resulten de Las

caractertsticas propias de nuestro mercado, la naturaleza de las
materias prirnas de que se dispone, la accesi bilidad de irr~quinas y
equipos, el grado de entrenamiento y capacitaci6n dle personal, etce.
Preparar a la industria del pafs para la profunda tra~nsformacifn
tecnol6gica que se producirA. en Los pr6ximos aflos como consecuen
cia de Los nportantes desarrollos cientfficos realizados en los dl-
tilnlo! afioe en cwnrpos tales corno la deforrnacifn pl~.stica, la teorra
de aLeaciones, compuestos interinet~licos, etc.

I. FuncionamiLento del SATI

El campo, de asesoramiento del SATI es el de la Metalurgia de Transforma
ci6n, que abarca un sinndimero de problemas: produccifn de aceros espe-
ciales, tratamiantos t~rmicos de aceros, fusi6n y colada de metales y alea
ciones no-ferrosos, tratarnientos t~rmicos, transformaci6n rnec6.nica de
metales ferrosos,* y no-ferrosos, estir,%Ao, embatido, corte. ~gdec
de metales y aleaciones, desarroLlo de aleaciones especiales, metalurgia
de polvos, corrosi6n y acabado superficial, etc.

Para Ia realizacifn de sus funciones el SATI dispone del uso de todos los
elementos (laboratorios, m~.quinas, instrumental, documentaci6n, etc.) y
personal que integra el Departamento de Metalurgia de Is- CNEA. Para te
ncr una idea de lo que constituye este ace rvo debe tenerse en cuenta que en
la actualidad integran el Departarnento de Metalurgia de la CNEA aproxima
damente 86 personas y que el costo de Los equipos, mk-uinas e instrumen-
tos instalados asciende aproximadamente a 900. 000 d6Lares.

Operativamente, el funcionamiento del SATI es muy simple. Ante una de-
terminada consulta, ofrece gra~uiitamente:

a) Informaci6n bibliogrg.ica que facilite la orientaci6n del problema.
b) Evaluaci6n tdcnica y econ6mica del problema presentado.
C) Informacifn referente al laboratorio. ceIntro o instituto oficiaL o

privado, nacional o extranjero caie con mn~s -,eleridad, eficiencia
y economfa podrfa resolver el problema pLanteado.

Si la firma que consulta desca que Rea el SATI quien estudie el problema,
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ta ideact~n hiasido manufacturada en America Latina por primera
ye z.

-Desarrollo de la aleacifn W-Ag para la. fabricaci6n de p~atinos de
automot~res. A consecuencia de esta investigaci6n, esta aleacifn
ha sido manufacturada en America Latina por primera vez.

-Desarrollo de tin nuevo tipo de atm6sfera protectora para el reco-
cidu brillante we cobre y aleaciones.

-Desarrollo de la aleaci6n Cu-Si para la fabricaci6n de filtros des-
tinados a la. industria, cervecera, y azucarera. A consecuencia. de
esta investigaci6n, es-ta. aleaci6n ha sido manufacturada, en Am~ri
ca Latina por prirn-era, vez.

-Desarrollo de un nuevc tipo de refractario para la fabricaci6n de
crisoles de.otinados a la fundici6n del aluminio.

-Desarrolb de 'in nuevo m~todo para eliminar la acci6n nociva del
pLomo en el trabajado en caliente del cobre y sus aLeaciones.

-Desarrollo de radiadores de aluminio para automotores.
-Estudio crrtico del proceso electroirtico de galvanoplastfa.

Asimismo se encuentran en desarrollo Los trabajos para el empico
de radiois6topos en la medi.-i6n del desgaste del refractario de alto
horno. el desarrollo de evaporadores d~e aluniinio para refrigerado
ras y m~todos para la producci6n de chapas y alambre de tungsteno
met~lico.
Algunos de estos proyectos fueron realizados con la cooeeracift
econ6mica de industrias interesadas en Los mismos (Kaiser, Acin-
dar, Tafer, Facetyt, Santoni, etc. ), pero otros fueron directamen
te financiados por el SATI teni-endo en cuenta. el alto interds nacio-
nal de Los mismos.

3. Entrenamiento
Una de Las mayores preocupaciones del SATI consiste en ayuda-r a
la industria a la capacitaci6n t~cnica de su personal. A tal efecto
el SAT! ha. dictado en Los locales del Departamento de Metalurgia
de la CNEA seis cursos de perfeccionamiento t6cnico para. personal
de la industria, tanto al nivel tdcnico corno al nivel profesional. Es
tos cursos han sido fundamentalmente de Metalografffa Microsc6pica,
M~todos Modernos de Metalografra, Deformaci621 Pl~stica v Trahaja
do Mecdnico. A esos cursos asistieron como alumnos, profesionaI-
les y t~cnicos pertenecientes a industrias metaldrgicas de Buenos Ai
res y tambi6n del tnterior.
Al mismo tiempo, y con becas provistas por la. Comisi6n Nacional
de Energra At6mica, el SAT! entrend personal t~cnico y profesional_
que luego fud contratado por industrias metaltirgicas.
A traves de estos diversos programas el SAT! ha. brindado capacita
ci6n t~cnica en metalurgia. aproximadarnente a 70 personas.
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4. Difusifn
El SATI ha difundido sri accifn a la industria mediante distintos m6
todos:
a) Visitas del personal 'jel SATI a industrias metaldrgicas.
b) Visitas de tdcnicos dec industrias inetaltdrgicas a los laboratorios

del SATI.
c) Seminarios realizados peri6dicamente invitando a los mismos a

personal calificado de las industrias metaldrgicas.
d) PubLicaci6n peri6dica del Noticiero SATI en la revista "'Metalur

giat t , 6rgano oficial de la Asociaci6n ue Industriales Metaltirgi-
cos. Se han editado ya 14 ndmeros del citado noticiero, que por
la naturaleza del 6rgano donde es publicado Llega directamente a
aproximadamente 3.500 dirigentes de la i'dustria metaltirgica.

e) Presentacifn de un stand exhibiendo la forma en que opera el
SATI para auxiliar a la industria e'a la Primera Exposicift de
la M~quina. Herramienta (marzo-abril 1964).

El SATI ha probado ser un 6rgano eficiente para transferir a la in-
dustria con buena velocidad los resultados que se obtienen en Las in
vestigaciones metaltirgicas bgsicas. Como es bien sabido, este
problema de acople entre investigaci6n y realizaci6n induS-trial es
uno de Los m~.s serios que debe contemplar cualquier pars en esta-
do de desarrollo. Son numerosas Las dificultades que se presentan
para asegurar una eficiente transferencia. del conocimiento bdsico
a la realizaci6n pr~ctica pero la experiencia del SATI muestra de
qu6 man(,-i.,. esto se puede hacer con eficiencia, a un costo, propor-
cionado y en rim tiempo suficientemente breve para asegurar a la in
dustria la mejor recepci6n de los beneficios que resulten de la in-
vest&igaci6n bgsica.

El SATI es uma instituci6n tinica en sri gdnero no s6lo en. la. Argentina sino
tanibidn en America Latina, por lo que, si la experiencia del SATI resulta verda
deramente beneficiosa para la industria metaltirgica podrA servir como institri-
ci6n modelo para experiencias anAlogas, sea en otros campos industriales dentro
de la misma Argentina, sea en el campo de la industria metaltirgica en otros par-
ses de Latinoamdrica.

EntrenamientoI

Cuando la Comision Nacional de Energfa At6mica cre6, en 1955, sri Depar
tamento de Metalurgia, no existfan -en ninguna universidad argentina- carreras de
ingenierra metaltirgica o de frsica metaltlrgica, tampoco se dictaban asignatura,-
especificas de metalurgia frsica o de ffsico-qufmica de metales, en Las ca~rreras
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de ingenierfa ffsica o qurniica. No debra extrailar, entonces, qiie el nqmcro de
profe-sionale1.S con-A cexperien~ci-a aetaiurgica en el pals fuiera muy escaso y ia mayo
rra de ellos de formaci6n cuasi-empfrica. Por tales razones la CNTEA dispuso
que su Departamento de Metalurgia realizara una intensa tarea de formacifn de
personal, destinada no s6lo a _;atisfacer sus propias necesidades, sino tarnbift
a ayudar a la elevaci6n t~cnica de la industria metaltahgica argentina. Desde en d
tonces el Departamento de Metalurgia de la CNEA ha sido el dnc centro docen
te para el perfeccionamiento de graduados en Metalurgia, en la Repablica Argen
tina. En este aspecto -formaci6n &o personal'- la tarea realizada ha sido la si-
guiente:

a) Entrenamiento en el pars

Han recibido entrenamiento metalargico avanzado -a trav~s de curscs,
seminarios y trabajos de investigaci6n- 55 graduados aniversitaric.s. Ac
tualmente reciben entrenamiento activo k~5 graduados universi.tarios con
becas concedidas por nuestro Departamento, por la Fundaci6n Ford, por
la Universidad de C6rdoba, por la Uiiiverpidad del Litoral, por la Univer
sidad del Sud, por la Universidad de La!Plata, por la Universi. dad de Cu-
yo y por compafifas privadas (Acindar, IKA, Facetyt, etc.)

b) Entrenamiento en el extranjero

30 personas han sido enviadas al extranjero para sv.~ perfeccion~amiento en
Metaiiirgia con becas concedidas por esta CNEA, por el Consejo Nacional
de Investigaciones Cientfficas y Tdcnicas, por la Fundaci6n Ford, por la
OEA, por la OIEA, y por diversos gobierios extranjeros. Han efectuado
estadfas de 1-2 afios en las .sigkii,:ntes instituciones: Universidad de Bir-
mingham. (G. Bretafta); In-pcrial College de Londres (G. Bretai'ia); Max
Planck Institut ftlr Metalikunde (Stuttgart, Alemamia); Mellon Institute
kEE. UU.); Ecole des Mines de Paris (Francia); Argonne National Labor- e
atory (EE. UU.); Instituto de Pesquisas Tecnol6gicas (San Pablo, Brasil);;
British Iron and Steel Research Association (Sheffield, G. Breta-fta): Labo-
ratoire de Physique des Mdtaux de la Marine (Francia); Laboratorios de
Investigaci6n de Bochum (Alemania); Facultd des Sciences (Francia);
Laboratorio de Metalurgia de la Universidad de Munich (Alemania); Uni-
versidad de Illinois (EE. UTI.); Universidad de Stanford (EE. UU. ); Uni-
versidad de Chile; Universidad de Sheffield (G. Bretafia); Central E lectri
city Board (G. Bretalla); I. R. S. I. D. (Francia); Harvard University (EE.
UU).

c) Trabjos de tesis

6 tesis doctorales han sido presentadas y aprobadas con sobresaliente ante
la Facultad tie Ciencias de la Universidad de Buenos Aires, Se encuentranl
actualmente en preparaci6n 5 tesis.

-V 'IT-
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En el exterior se han presentado, y aprobado, 5 tef~s: en el Imperial
College de Londrea3; er. la FacLultd des Sciences de 1'Unive8i~std de Paris.
en la Universidad de Illinois y en el Max Planck inatitcit fUr Motiallkunde.

d) Cursos

El Departamento ha realizado los siguienter cursos en Metalurgia:

Curso para graduados aniversitarios (juho 1955-coctubre 1950).

- Curso para graduados universitario3i (marzo 19,59-junio 1960).

- Curso para graduados universitarios (en colaboracift (.on la Facul

tad de Ciencias de Buenos Aires, agosto-noviambre 196C).

- C~rrso para n.rsonal de la industria (diciembre 1960).

- Curso para personal de la industria (febrero, 1961).

Primer Curso Panamericano de Metalurgia N~iclear (marzo-diciem
bre 1982). Asistieron graduados universitario.ý de 8 pafses lalino-
arnericanos.

-- Curso en el Instituto de Matem~ticas, Astron' -a y Ffsica de 11a
Univertsidad de Ci~rdobra (agosto-noviernbre d#- .963).

- Cursos de Metalurgia en el Institutc' Tecnolfgico de Buenos Aires
(Universidad privada; actualmente en desarrollo).

e) Colaboraci6n con universidades argentinas

El Departainento de Meialurgia ha iiitervenido activamente en la prepara:-
cifn de programax- y planes de estudio, instalaci6n de laboratorios y dicta
do de cursos en:

- i~stituto de Ffsicp. "Di. Josd A. Balseiro" (de La LUniversidad de Cu
yo)

- Instituto de Matem~.ticas, Astronomfa y Ffsica de la Universidad

de C6rdoba.

- Instituto Tecnol6gico de Buenos Aires.

El Departamento ha tornado a su cargo el dictado de cursos en: Departa-
mento de Graduados de la Facultad de Ciencias (Universidad de B~uenos Ai
res); Escuela de Ingenierfa Metaldrgica de la Facultad de Ingenierfa (Uni
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Si bien la mayorfa de este personal asr entrenado integra actualmente el
plantel de nuestro Departamento de Metalurgia, el resto ha pasado a des-
empeilarse en TUmversidades (Universidad del Litoral, Universidad del
Sud, Universidad Cat6lica de C6rdoba, Universidad de Cuyo, Universidad
de La Plata, Universidad de Buenos Aires) y en !a industria metaldrgica
argentina (Altos Hornos Zapla, Ckirmendi, CAMEA, Facetyt, Santa Rosa,
etc). Los egresados del Primer '2urso Panamericano ocupan posiciones
deý;tacadas en sus respectivos parses.

Personal

El plantel del Departamento de Metalurgia est6. a.-tualmente ihitegrado por
14 investigadores principales (personal "senior"), 2 investigadores irvitados, 16
investigadores (personal "junior"), 3 asesores, 13 ayudantes, 25 t~cnicos, 5 ad-
ministracifn y oficinistas, 8 obreros (personal de maestranza). Total: 86 perso
nas. T'odo el personal se desempefia "full-time"?.

En lo que se refiere a beai actualmente reciben entrenamiento 15
graduados universitarios.

Instalaciones del Departamento de Meta-lurgia

a) Edificio actual

El Departamtento de Metalurgia ocupa actualmente 2. 500 m2 de superficie

cubierta.

b) Eqios ntrumento miuinas

La inversi6n en equipos, instrumentos y mdquinas instaladas asoiende a un
total aproximado a los u$s 900. 000.

C) Biblioteca

El Departamento de Metalurgia posee la biblioteca metalilrgica m~.s corn-
pleta de la Argentina. Posee 1. 482 voldrnenes especfficamente de Metalur
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gia y en elia se reciben regularmente las revistas metalirgicas interna-
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PLAN DE ACTIVIDADES DEL
SERVICIO DE ASISTENCIA TECMICA A LA INDUiSTRIA METLALURGICA (SATI)

por 0. Wortman*

Introdu'cci6n

El SATI Mu creado en enero de 1961 por convenio entre la Asociaci6n de
Industriales Metaldrgicos de la Re-pablica Argentina y la Comisi6n Nacional. de
Energrra At6mica.

Los objetivos que Ilevaron a la entidad madre de la Industria Metaldirgica
y a la Comisi6n a suscribir dicho. Convenjo, est5.n muy claramente expuestos en el.
texto del mismo.

1, LLegar a la industria Los conocimientos modernos y nuevas t~cnicas que a
traves de la investigaci6n bd.sica y aplicada se han desarrollado, en Los dl-
timos afios, produciendo la revoluci6n tecnol6gica que en el, campo de los
materiales estamos viviendo.

2. Facilitar acceso a una mejor informacift cientffica para ayudar a la in-
dustria a resolver sus problemas tdcnicos mediatos e inmediatos, crean
do un organismo d.gil. de consulta.

3. Servir como ndcleo de entrenamiento a fin de dotar al. pafs de t~cnicos e
ingenieros con bases rigurosas en diferentes aspectos de Ingenierfa Meta
ldrgica.

*Departamento de Metalurgia, Comisi6n Nacional. de Energfa At6mica
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Instalac jones .
El SATI depende administrativamente del Departamento de Metalurgia de

la CNEA. Existe por otra parte una estrecha relaci6n con lq AIM. Esta rela-
ci6n se establece en la pr~ctica a travds de tin Delegado de la AIM que colabora
en el estudio de los problemas que presenta la marcha de la organizaci6n.

En forma absolutamente deliberada se ha tratado de evitar en la practica
que el SATI se convierta en un grupo de trabajo separado del resto del Departa-
mento de Metalurgia. Todo su personal participa activamente de las tareas que
desarrolla el resto del Departamento. A travds de seminarios conjuntos, e inter
cambiando personal con los grupos de inve-stigaci6n b6.sica y aplicada, se ha con
seguido un sistema, mediante el cual los conocimientos de todo el "staff" pueden
ser canalizados a fin de obtener un rdpido aprovechamiento.

Esto flexibiliza enormemente, el uso, de equipos de suma complejidad au-
mentando el rendimiento de las tareas de consulta.

El SATI tiene inmediato acceso a servicios del Departamento de Metalur-
gia como ser el de Difracci6n de Rayos X, Metalografra, Instrumental, Ensayos
no Destructivos, as! como Servicios Centrales de CNEA, sus talleres generales,
Laboratorio de Electr6nica de CNEA, etc.

Aspectos de labor del SATI

Dadas las caracteristicas especiales del funcionamiento, de este Sew vicio
se le ha dado el m~.ximo de elasticidad en su organizaci6n, y en el enfoque de los
problemas tdcnicos. En lo posible se trata de evitar la duplicaci6n de tareas con
otros institutos existentes en la Repdblica. Asf es que el SATI evita realizar ta-
reas tales como: Ensayos Ffsicos, Mec~.nicos, Metalogrfificos, Qufmicos, etc.
sobre bases de rutina porque considera que existen otros laboratorios en el pars
que pueden realizar eficazmente esa tarea.

En cambio, se pone particular 6nfasis en trabajos de desarrollo que incor
poren productos, nuevas t~cnicas de manufactura, nuevos procesos, nuevos meta
les y aleaciones, en sfntesis todo aquello que represente un avance tecnol6gico pýa

ra la industria metahirgica de transformaci6n en lu Argentina.

El SATI es un organismo de asistencia t~cnica con un mecanismo de opera
c'5n muy simple.
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Ante la consuLtv. realizada por el industrial, se hace una evaluaci6n r6-pida
del problema y en caso de Ger aceptado el presupuesto estabLecido, se comienzan
Los trabajos.

En el perfodo que ya Ileva de funcionainiento, nos hemos dado cuentz que
este tipo de asesoramiento a la industria si bien es muy efectivo, no es suficiente.
Es necesario ILegar hasta la pianta con nuevos conocimientos y nuevas tdcnicas, a
travds del mismo personal especializado de la f6.brica.

Asf, desdc el afto 1961 se han organizado, cursos para personal especializa
do de la industria, entre ellos citaremos el de Tecnicas Modernas de Metalografi'a
en Los cuales Los Laboratoristas aprenden tdcnicas como puiido '-lectrolftico, m~to
do del tamp6n, metalograffa con extraccifn de replicas, capas epit~xicas, figuras
de corrosi6n, intcrferometrfa, etc.

Se encara en la actualidad, por ejemplo, un curso de Deformacifn Pl~stica
y T rabajado de Metaics y otro curso de Metalografra, En el afto 1965 se proyecta
la repctici6n de algunos cursos anteriores, cursos de Tdcnicas Modernas d~e Sold 'a
dura con el fin de difundir nuevos procesos como Soldadura Sigma de arco roto, Soi
dadura electroiftica, soldadura por presi6n y t~cnicas de coiaminaci6n que pueden
ser de mdIltiples aplicaciones industriaies.

Entrenamiento y Becas

Es preocupaci6n constante tratar de crear las condiciones para que se for
me personal tdcnico en varios niveles, con buen entrenamiento metaltlrgico.

Desde cl afio 1961 ci SATI ofrece becas para t~cnicos egresados de escue-
las secundarias de la Naci6n. Lo mismo para estudiantes universitarios y egresa
dos que descen completar su nivel de conocimientos en la materia. Contamos pa-
ra esta tarea con fondos propios de la CNEA, de la AIM, de la Fundaci6n Ford y
de algunas industrias que convinieron durante ci desarroilo de trabajos, la finan-
ciaci6n de un becario que puede o n6 posteriormente ser empleado por la firma
que coste6 su entrenamiento.

Estas becas son complementadas, en aigunos casos, con estudios en ci ex
terior a fin de capacitar en una especialidad o completar la formaci6n cientffica.

Las becas externas no son dnicamente para graduados universitarios. Son
utilizadas tambi6n para tdcnicos.

-M-mM~w - -- ---
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El hecho de que los lugares en los que estas becas se han desarrollado es
tan distributdos por diferentes parses de Europa y Estados Unidos, ha permltldo
que gente con peeparaci6n muy distinta integre de una manera u otra el plantel del
SATI, aportando enfoques nuy variados para la solucl6n de, problemas tdcnicos.

Ejemplos de la labor desarrollada por el SATI como
organismo de consulta ~sseci tdcnlca

Desde su creaci-6n el SATI ha asesorado mds de 350 trabajos. El panora-
ma de los mismos es amplfsimo.

Es diffcll clasificar en forma org~nica los distintos problemas analizados.
Un intento podrfa ser el siguiente:

1. AnAlisis de fallas en pie zas.

2. Diagn6stico de dificultades de manufactura.

3. Aplicaci6n de nuevas tecnicas.

4. Desarrollo de nuevos productos sobre pedido.

5. Des arrollo de nuevos productos previendo necesidades industriales.

Ejemnplos de trabajos realizados por el SATI en las categorfas 4. y 5. se
discutird.n en otra sesi6n de esta Conferencia; por ejemplo: Refinaci6n de scrap
de Cu y desarrollo de electrodos de Cu-Zr.

Dentro de las otras clases de trabajos realizados, citaremos algunos que
cons ideramos pueden ser una muestra significativa del tipo de tareas que se enca-
ran:

1. Metalograffa "in situ" de una caldera marina;

2. Fisuras en lingotes de acero, colado;

3. Causa de rotura de la soldadurg rOe un tanque de fermentacifn;
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4. llotura de aiambre cincado durante ei trcfilado;

5. Polvillo y enipastamiento en el trabajado de lat6n 63-67 para cierres auto
Ind.ticos;

6. Estudio de las causas de engrane en robinetes para gas;

7. Causa de rotura de un lat6n 6 0-40 con Pb durante su laminaci6n en caliente;

8. Soldadura metal-cerdmica;

9. Pulido especular de aluiminio,

10. Templado de machos para roscas;

11. Roturas de e16.sticos para camiones;

12. Fosfatizante a base de manganeso; etc.

Un aspecto importante de nuestra tarea es convertir al SATI en un organis
mo que sirva como nexo Agil con entidades de asistencia tdcnica similares en ios
parses mds adelantados. De esta martera, el problerna se remite a quien pueda re
solverlo en el extranjero.

Existen en el presente 8 consultores particulares: 5 en los Estados Unidos
y 3 en Europa, con quienes mantenemos estrecho contacto. El campo de actividact .
de estos consultores es may variado, por ejemplo:

trabajado de metales:
deformaci6n pl6-stica;
fundicifn de hierro, y aceros;
soldadura;
pulvimetalurgia;
fundici6n de no ferrosos.

Difusi6n I
El SATI est6. empeflado en una intensa campafia de difuF;6n de manera que



V-6

sus posibilidades sean conocidas por los industriaLes. Esta campaAa se intensifi
cart durante el transcurso del aI�o 1965, dado que el Serviclo se ha asentado lo
suficiente como para alimentar su pendiente de crecimiento.

Hastael presente se ha realizado una campai�a que se puede titular da ins-
tituclonaLizaci6n del SATI, a traves de folletos, pubLicando un no� 4ciero peri6dico
en La revista del AIM, visitas a f�.br.cas, presentaci6n de stands informativos en
exposiciones !nternaclonales, etc.

El objeto de esta canipafla es hacer comprender tauto a La industria peque
�1a corno a La grande, que Ia investigaci6n es necesaria:

1. para mejorar sus productos,

2. para crear otros nuevos,

convenciendo Que:

a) La investlgaci6n no es un Lujo que se pueden dar los pafses muy desarroll�
dos, s mo una necesidad bien inmediata que se tiene para competir en un
mercado que cada vez exige m�s calidad y menor precio;

b) que el pars cuenta con recursos humanos y equipos para hacer investiga-
ci6n rnetaldrgica de nivel aceptable.

Esta tarea educativa, se hace como hemos dicho a traves do distintos 6r-
ganos de difusi6n y a traves del contacto diarlo con los industriales que traen pro
bLemas al Serviclo.

Citaremos an ejemplo, en todos Los casos Los trabajos se cobran segtln su
importancia, pero siempre con tarifas que son de fomento.

Acm asr, el industrial es reticente a pagar. La raz6n es inmediata.

En La mayorfa de Los c�os y m�.s acm en el caso de trabajos de desarrollo,

el industrial est�. arriesgando una suma de dinerc por un resultado aLeatorio.
Si el laboratorio puede 'tgarantizar" un resultado positivo, entonces no hay

inconveniente en pagar una suma elevada, pero ante La chance de investigar algo
que no le traiga un beneficio inmediato, La reticencia es manifiesta.

Parte de La misi6n educativa es enseilar a evaluar el riesgo y mostrar el
beneficio posible si el trabajo resulta exitoso.

Esta conducta a poco que se analice es may explicable. La Argentina no

� .rn.� - - -
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tiene tradici6n en Investigaci6n Metaldrgica. No hay hecha una discipiina del tiern
po, la constancia y los conocimnientos que requiere el poseer tin "know how".

Nuestra tarea aqur es tratar de cambiar estas ideas de manera de elevar
el nivel de la industria Metaltirgica y con ella del pafs.
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BREVE RESEIRA DE LA INVESTIGACION METALTJRGICA EN CHILE

por David Fuiller

Para empezar quisiera yo, a petici6n de aigunos, de Los organiza~dores, ha
cer primero una pequefla resefia del estado de la investigaci6n metalirgica on Chil
le. Realmente para desarrollar este terna no venfa preparado, pero la visidn ge-
neral del pars la tengo m~s a menos clara y podrfa hacer una sfntes~a.

La investigaci6n metaldrgica en Chile se realiza casi exclusivamente en
Las Universidades, y Las Universidades que hasta estz- momenta est~n desarrollan
do este tipo d,ý investigaci6n son en orden decreciente: primero, la Universidad
de Concepci6:..i en la cual la investigaci6n metaldrgica ya I leva unos 15 afias. Fu6
iniciada par un profesor francds en el aIto 1946 o 1947, a mf me toc6 trabajar con
61 y he trabajado en Concepci6n hasta hace 2 meses atrAs, cuando me trasladd a
Santiago, a la Laiversidad Cat6lica. El segundo nmlceo de investigaci6n metaldir
gica se encuentra en la Universidad Cat6lica, en Santiago, y el t.ýrcer ndcteo en
la Universidad de Chile, en el Ilamado In~stituta de Tnvestigaciones y Ensayo de
Materiales; de Santiago.

Las restantes universidades, la Universidad de Sta. Maria, en Valparafso,
estA. comenzando en estos momentos la investigaci6n metaldrgica dedic~.ndose
m~s bien a la soluci6n de problemas especfficos que la industria metaldrgica le
plantea tales coma control de calidad y ensayos no dastructivos.

Fin:-Imente la Universidad TWcnica dei Estado, que otorga lot. gra-,dos de
tdenicos y posteriormente de ingenieras metaldrgicos, estd. en estos momentos
iniciando la instalacifn de laboratorios de metalurgia, frsica y qurmica. Los la
boratorios que tiene la Universidad T~cnica del Estado son mfis bien para la en-
sefianza tdcnica, de t6cnicos metaltirgicos. Sus laboratorios estfin equipados pa
ra reatizar estudios de arenas de fundicifn y de fundicidn en general, cubilotes,
hornos el~ctricos, hornos rotatorios, etc.

Las investigaciones sistematicas han sido realizadas en Chile en tres
puntos principales: Concepci6n, la Universidad Cat6lica de Santiago, y la Urd-
versidad de Chile, en Santiago. En esta dltima se desempefia el Ing. Jw.14ii~ar
OJsP'i':, a quien han conocido muchos de Uds., y que en la actualidad se encuen
tra en Los EE. UU. '.oaevk ha hecho estudios reLativos a la normalizaci6n de
arenas de fundici6n y estudios de ffsica de s6lidos.
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En Concepcift ie han realizado estudio-1 relattivos a frsica de s6lidos du-
rante muchos aIlos y en los dtitmus 5 aftos mf~s o menos, se ha orientado la inves
tigaci6n hacia el camno tecnol6grico. En este narnno qe hnn inr-luftdo. aprovecha-
miento de materias primas nacionales como ser sulfuros met§Llicos, sulfuros de
hierros, sulfuro de zinc, sulfuro de plomo, tratando do idear nuevos procesos
que sean aplicables teniendo en cuenta los recursos naturales chilenos. Eata in-
vestigacift ileva ya 6 aflos, y surgi6 como consecuencia de que Chile tenfa como
sub-productos de la industria del cobre una cantidad fabulosa de sulfuro de hierro,
substancia que era elimin.-d-a, y adn asr debra ser transportada. La produccifn de
sulfuro de hierro en Chile debe ser del orden de unas 600 a 800 tons diarias, de la
cuaL la mitad es hierro y la mitad es azufre. Este ya es un problema francamente
que hubo que solucionar, puesto que era una fuente tazito de hierro como de azafre.
Por ello, naci6 en Concepci6n la idea de estudiar la descomposiciftn tdrmica, no
la oxidaci6n de Los sulfuros met6.licos con el objoto de producir hierro inet~lico y
azufre.

La misma tdcnica la. hemos aplicado tambidn a los minerales de zinc y de
plomo. La priniera pubLicaci6n referente a la descomposlcidn tdrmica de sulfu-
ros de zinc y plomo fud presentada hac'e unos 4 meses en Lima, en el Congreso
Interainericano de Ingenierft. Qufmica.

Otro tema abordado en Concepci6n ha sido el de tratamientos tdrmicos de
aceros, seguramente un tema que se considera pr~cticamente agotado, pero es
probable quo haya todavfa algunos resqulcios que no han sido suficlentement3 ex-
plcrados.

Tambidn se ha abordado en Concepci6n el estudlo de la soldadura de ace-
ros. Se ha encarado tambi6n algunos temas relativos a metalurgia de pol .08, a
zonas fundidas, m~.s como ensayos especificos que como lfneas de lnvestlgaci6n.
a la~rgo alcance.

En la Universidad Cat6lica de Santiago, en la actualidad me ha tocado a
mr modificar la Lrnea de investigacl6n que existia, ya que creo que Las Lfneas de
investigaci6n son m~s bien de una persona que de una lUniversldad. Esta ha sido
la raz6n que me ha inducido a mf a parcializar pr~cticamente la investigacifn de
jando una parte en Concepci6n y otra parte en Santiago.

Ello me ha Ilevado a iniciar en Santiago, temas tales como aprovecha-
miento de sulfuros- metd.licos y tratan'ientos t~rmicos. Las investigaciones que
se realizaban normialmente en Santiago, Los temas que se estudiaban en la Uni-
versidad Cat6lica de Santiago, eran fundarnentalmente fundici6n en cubilote. En
los d~timos tres aflos se ha hecho un estudio prd.cticamente exhatistivo del estado
en que la industria chilena se encuentra desde el punto de vista de fundici6n en
cuhilote. Se estA en estos momentos elaborando el informe final relativo a este
e~studio el cual serd entonces una estadrstica im-personal del estado actual de op~e
raci6n de cubilotes en Chile.
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Se han encontradc corno consecuencia verdaderas sorpresas ya que oneran
en Chile cubilotes que son pr~cticamente extraordinarios por sus dimensiones.

Coi oeipopodrl ditar urn cub&Ji*ot'e que teiee cenr -a u u 2 mts de diametro y I. 20
metro de altura y opera como otro de dimensiones normales. Dentro de poco se
dard a conocer entonces el informe final de todo este testucdio de cubilotes.

Tambidn se ha estudiado en la Universidad Cat6Jlica de Santiago lo relativo
a soldadura, de aceros, soldaduras tanto por arco como, soldadura con gas licuado.
Chile prodace en la actualidad cantidades may grandes de gas licuado y se ha estu
diado entonces su aplicaci6n tanto en soldadura como en corte de metales. El dlti
mo proceso que estA en estudio en Santh-go es el de estampado, tratando de obte-
nerse ciertos ensayos standardizados para poder aquilatar la estampabilidad de
materiales metdlicos.

En estos momentos se ha iniciado en la Universidad Cat6lica una nueva If
nea de investig~caci6n cque es la de reducci6n de minerales de hierro. Estamos ins
talando actualmente un pequefto reactor que nos perniitirA comenzar a hacer ensa
yos standardizados de reducci6n de minerales chilextos que se exportan en cantida
des bastante apreciables, del orden de unos 6 millones de tons anualmente.

La industria metaldrgica ya exige ensayos de reducibilidad de minerales,
por esta raz6n vamos a iniciar un estudio sistemAtico de los minerales chilenos
en cuanto a su posibilidad de reducci6n.
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SOME REMARKS ON THE PHYSICAL METALLURGY
OF IRON AND STEEL

by H.W. Paxton

In the last ten years or so, the physical metallurgy of iron and steel has
made tremendous strides. Not only have the maximum usable yield and tensile
strengths in a variety of steels been increased by a factor of about two, but "-'e
necessity of having adequate ductility and toughness at these strength levels has
been clearly recognized and achieved in part.

At the other extreme, steels intended primarily for pressing, stamping,
drawing, etc. have been substantially improved in terms of reproducible quality
at a very competitive cost. Much more is understood about the production of
highly oriented steels for magnetic purposes, culminating in the famous cube
texture in silicon steel. In the high alloy field, several interesting developments
have arisen, notably the precipitation hardening stainless steels and the family
of hardenable iron nickel martensites known as maraging steels. Modification of
the defect structure of austevite or martensite, prior to, during, or after trans-
formation has enabled unusually favorable combinations of properties to be
achieved.

It is clear that any attempt to present these advances exhaustively in detail
would require a substantial book, which is not the aim of this conference. Rather,
in an attempt to present some of the ideas developed, it seems better to deal with
a few central topics in a general way. The selection of these topics must be to
some extent arbitrary and subjective, but the author hopes that at leassome of
them may be of interest to various people in the audience. Recent reviews have

been used frequently as references to avoid duplication.



It seemed wise to begin with a review of the thermodynamics of iron-base
sy.st..ms sie, .. t. 2 u most stucture, wi4' desirable properties are very mark

edly not in equilibrium, the equilibrium situations involved must be known before
we may have confidence in our knowledge. To the extent possible, an atomistic
appre -"', has been utilized.

This section is followed by a study of the nucleation and diffusion-control-
led growthkinetics of phases in steels involving both austenite formation and trans
formation.

Three sections follow on major phases in steels, austenite, ferrite, and
martensite, with some illustrative examples of various properties. The aggre-
gate phases such as pearlite and bainite, and the products of eutectic decompos
ition have been neglected not because their importance is slight, but to maintain
the paper to a reasonable length.

Finally some suggestions are made as to interesting areas of research
which may also be profitable.

I
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Thermodynamics of Iron-Base Systems

In any discussion of the phases present in steel, which are often non-equi
librium, it is obviously essential to have a clear grasp of the equilibrium situation
under a given set of conditions. Fortunately, because of this importance, thermo-
dynamic data on iron-base systems are more plentiful than on most other metallic
systems. These data however, unfortunately are, far from exhaustive, but they do
enable us to set up some tentative models which can be checked against experiment
before being extrapolated into areas where measurements are esperimentally dif-
ficult or impossible.

We shall ignore the data on iron-base liquid solutions and concentrate only
on data on solids. It is convenient to classify the information into four categories
of dec reasing certainty.

1. Pure iron - the existence of more than one type of crystal structure
in various ranges of temperature (T) and pressure (p).

2. Interstitial alloys of iron - the affects of interstitials on the rela
tive free energies of ferrite (mL), austenite (W) and various com-
pounds as a function of T and p.

3. Substitutional alloys of iron - the effects on relati-e free energies
of c, and ?" as a function of T and p.

4. Complex situations - ternary and higher order systems involving
both single phase and multiphase areas based on v and Y, and the
interactions of these with intermetallic compounds.

In this section we shall assume that imperfections other than point defects
in thermal equilibrium are absent. Line and surface imperfections can of course
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also hnfluence the local mnermodynamics; some examples of this will be given later.

1. Thermodynamics of Pure Iron

For any substance at temperature 3, we may write the Gibbs' molar free
C lergy

GT 1• T T T

where HIT is the molar enthalpy and SrT is the molar entropy. More explicitly

T T
GT j Eo+ PV + Cp dT- T Cp dT (2)

o o T

where Eo is the energy of vaporization at 0°K,

V is the molar volume,

C p is fhe molar sper'ific heat at constant pressure.

It is clear that, if we know E. and C for all possible crystal structures
of iron, we can evaluate GT from Equation ?. Since Eo is not calculable with the
required degree of precision , it must either be determined from the heat of vapor
ization at 0°K or calculated from auxiliary data. This latter can be done for the
:r (bcc) or 'r (fcc) phases or iron. We know from experiment that Gr-C := G Y at 11830 K
(A3 ) and 1673°K (A4 ), and, in addition, Cl is known quite accurately. It remains
to evaluate Cp (T) and ývork backward from high temperatures down to 0°K, payingp%attention to ensuring correct enthalpies and entropies of transformation at A3 and
A4 . This procedure x as ociginally followed by Darken and Smith(1 ) and modified
by Weiss and Tauer( 2 ) and Kaufman, Clougherty and Weiss(3 ) to take into account
the antiferromagnetism of -iron below 80 0 K.

The quantitative validity of this approach has been questioned by Anderson
and Hultgren(4 ) who point out the difficulty in obtaining a satisfactory value for C6

p
even its range of stability, and thus the dangers in long extrapolation are serious.
They estimate that extrapolated heat contents could differ by as much as 700 cal/
mol at room temperature. Granting their point, we still feel it is useful to outline.
the qualitative ideas of stability of fA- and X iron with a view to trying to understand
the various kinds of transformations and behavior, and leave the quantitative work

to be carried out when a method satisfactory to all can be devised.
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We note that the specific heat of a monatomic solid is normally made up of
three contributions:

(1) The lattice specific heat 4 of w• which on the Debye theory is
given by

Kx 4
C =9 N kkT~ " m e

p0I•Dj (ex -1)2
o

where x kh, xm =-hmax

kT kT

and OD (the Debye temperature) = homax
k

')max is the maximum frequency of lattice vibrations. C1 tends to 3R cal/mol/°C
at high temperatures and approaches 0OK approximately as T3 . In constant pres-
sure work, we use C~p, which can be shown thermodynamically to be

Ct 4 C+GEC VT

C, (1 +€ %V )pv v

-here , andI'=gvV

where •( (-' PVV) T CY

=Gruneisen1s constant.

•"is assumed to be independent of temperature. Ct will thus rise some-
pwhat above 3R and is approximately linear with temperature above about 2 'D.

(2) The electronic sr ecific heat C1 which arises from the possibility
of electrons near the Fermi surface being capable of excitation into higher energy
states. The magnitude will depend on the density of states at the Fermi level, and
for most purposes may be represented by

Cp =j1 T where/ is a constant

For transition metals, /" is quite high, e.g., for I iron = 8 x 10-4 c. 9. s.
units; forca iron =12x 0-4. For Cu and Ag, r t--1.5 x 10-4. This term is then
potentially ,iignificant at high temperatures for transition metals.
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(3) The magnetic specific heat Cnag, which will depend on the mag-
letLIC mOieLt per atom LB" Without going into a detailed discussion of magnetic

phenomena, we observe that the origin of ferro, antiferro- and paramagnetism
lies in the spin of the electrons rather than their orbital motions. In ferro- and
antiferro- magnetic materials, the occupation of the various spin quantum states
is a function of temperature and is reflected, for example, ill the case of iron in
the curve of saturation magnetization versus temperature. The situation at 0OK
involves perfectly ordered spins. At temperature above 0OK, the system can lower
its free energy by disordering some spins, thereby increasing its entropy, but at
the expense of increasing its potential energy (through the exchange integral(5 ))
and hence its enthalpy.

A minimum in the free energy curve is reached at some value of the dis-
order (which depends on T even though H and S are virtually independent of T).
Thus, in order to raise the temperature of a ferr getic material, energy
must be provided to de-couple the spins; hence a a term arises.
In the case of iron where the enthalpy difference between ferromagnetic and para
magnetic x iron at OOK is 2086 cal/mol(2 ), the specific heat term can be substant
ial. Since the bulls of the chauge in magnetization occurs between 0.8 Tc fid-T'. 4A
Curie temperature), it is seen in this range that very large specific heats are ob-
served. For antiferromagnetic substances in which, because of a change in sign
of the exchange integral, below the Ndel temperature the spins on neighboring
atoms tend to lie antiparallel (rather than parallel as in ferromagnetics), much
the same situation arises as the temperature increases and disorder progresses
although the magnitude of the changes in Cp is less because the magnetic moments/
atom are normally less. Thus Y-iron which is antiferromagnetic below 800 K will
have a specific heat peak at this temperature and must be allowed for in estimat-
ing Cr (T) (cf. Weiss and Tauer(2 ) versus Darken and Smith(i). Thus the com-
plete curves of Cp (T) and C• (T) are, for each phase, the sum of

Ck + CA. + Cmag

p p p

and are correspondingly complicated. It will be observed if a division is made into
magnetic and non-magretic components (Cp + CA), this is helpful in visualizing
the relative importance of each at various temperatures, as shown in Fig. 1 from
Weiss and Tauer(2 ). Here

T T

(Got -G.~)(= (F2 - E) T XC dT-T TU . dTnon mag o onnon mag * non magdT-TC non mag
o o T

and (GP( -G)mag, defined similarly, are plotted as a function of temperature and

show several interesting points.

For these curves
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(G)non raa= 0 (arbitrary ist-ndard)

(GC) niag -RTca = -2086 cal/mol

(Go ) = -RT1 = -160 cal/molo mSg N

(Gof)on mag -130 cal/mol (by matching free

energies at transition points)

We observe then:

(i) Y iron would be stable at all temperatures if magneti-
phenomena were absent.

(ii) •he range of stability of I iron is caused by a very deli-
cate balance between two relatively large contributions.
In iron, the maximum value of (Ga-Gr) is about 16 cal/
mol; we should thus expect alloying elements to be cap-
able of readily influencing the stability ofg, as is in
fact the case.

(iii) iron becomes stable because of the change in sign of
(ST-S)•)a) at 950 0 C. This causes a corresponding
change of sign in (d(G )-Ga) g and above 14000C,

k- dT ]a

-(Gy*-G') mag > (G$-Gr)non mag

Kaufman et al(3) have re-analyzed and extended the available data by experiments
at higher pressures. They also examine the antiferromagnetic behavior of ý' iron
more closely, suggesting it has a momeat of less than 1 AB at low temperatures,
while at higher temperatures, this moment rises to greater than 2 .- " They fur-
ther suggest that there are two spin sta~as in b'-iron, one characteri.'ed by high
moment and high volume and the other by low moment and low volume. Making use
of the "Schottky anomaly", they calculate the occupancy of these states as a func-
tion of temperature and pressure, and hence the thermodynamic contributions.
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This results in somewhat different values for Get-Gr at temperatures be-
low A- hit nw-.mit. s .• il -*,- ,-u- w.,'- are 'a better agreement with

j -- 1 ... JLA 1 - V1LU .W U11 1

the experimental calorimetric values of. Scheil and Saftig (6) and Scheil and
Normann( 7 ),

e.g., H-t.- = -1460 cal/mol at 6730 K
Ssee Fig. 1

H•-I-r= -1360 cal/mol at 773 0K I

Several measurements have been made of the effect of pressure on the re-

lative stability of and I phases, 'The results are shown in Fig. 2 taken from
Kaufman et al(3 ). From the Clausius-Clapeyron equation, we may calculate the
initial slope of this curve (as shown). The curve rapidly diverges from this ini-
tial slope..

At pressures above about 130 kb (,-v 1.3 x 1011 dynes/cni 2 ), there are sug
gestions of a new phase which may appear. Experiments on shock loading show a
change in microstructure, and high pressure experiments have very tentatively
suggested that a hexagonal close packed form of iron is stable, with a free energy
not very different from austenite. In view of the importance of stacking fault
energy in many aspects of austenitic steels (e. g. creep, stress corrosion behav-
ior and possibly ausforming and direct transformation to martensite) it is clear
that more information on this phase would be highly desirable. The results may
also be relevant to establishing the thermodynaxrics of the hexagonal c.p. carbides
of iron which are of special interest in the tempering of martensite.

2. Thermodynamics of Interstitial Solutions

A geometric consideration of the bcc ahid fcc lattices using a hard sphere
model for the atoms suggests immediately that the octahedral interstices io tr' ron
are much larger than the tetrahedral interstices in V , and larger than both octa-
hedral and tetrahedral interstices in T-iron. It is to be expected then that the heat
of solution of carbon and nitrogen in austenite will be considerably less than in
ferrite, and the stability of 1'thus enhanced significantly.

The iron-carbon diagram is now established well enough for practical putr
poses, but it is interesting to note that the solubility of carbon in at iron in equi-
librium with Fe3 C is still in some dispute( 8 ). The iron-nitrogen system, perhaps
not surprisingly has received less attention; the most recent published diagram is
that given by Hansen(9 ) based largely on work done between 1930 and 1950. Some
more recent estimates of the solubility of N in I in equilibrium with Fe4 N have

- - : . -
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been made which reduce the previously reported scatter sicnificantly The auste-

nite field proposed by Eisenhut and Kaupp(1 0 ) and Lehrer(l ) and confirmed by
Paranjpe, Cohen, Bever and Floe (12) and Jack(13 ) seems to be in little practical
doubt. Very recent experiments by Grozier( 14 ) agree well with the published ver-
sion.

There are several reasons why it is of interest to know the thermodynam-

ics of these systems quite accurately other than the intrinsic value of such data.
They form a basis for

(a) understanding the energetics of stable ternary austenites
and ferrites and arriving at equilibrium compositions

(b) estimating the thermodynamics in areas where austenite
or ferrite is unstable with respect to a carbide, nitride,
etc., which can precipitate

(c) putting limits on thermodynamic considerations when

various constraints are applied, e.g. when a substitutional
element does not partition to equilibrium between phases

or when we desire to calculate relative stabilities of phases
under the constraint of constant composition as in the
austenite-martensite transition.

There are perhaps three levels of approach which have been used; in in-
creasing order of complexity, they are:

(a) Attempts to extend the basic classification of iron base diagrams
(due to Wever( 1 5 )) to make quantitative estimates of phase bound-

aries between f. c.c. and b. c. c. phases. This was originally done by
Zener( 1 7 ) and West(1 7 ) with later publications by Oelsen and Wever( 1 8 )
and Andrews(1 9 ). The assumption is made here that the difference in the

heat of solution of an element in m and 6 is independent of temperature and
composition. We may then write

exp )

and (.•p

and - C exp )

__C -R-
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been made which reduce the previously reported scatter siffnificantIvy Th •l u•tt-

aite field proposed by Eisenhut and Kaupp( 1 0 ) and Lehrer(") and confirmed by
Paranjpe, Cohen, Bever and Floe (12) and Jack(1 3 ) seems to be in little practical
doubt. Very recent experiments by Grozier( 1 4 ) agree well with the published ver-
sion.

There are several reasons why it is of interest to know the thermodynam-
ics of these systems quite accurately other than the intrinsic value of such data.
They form a baszis for

(a) understanding the energetics of stable ternary austenites
and ferrites and arriving at equilibrium compositions

(b) estimating the thermodynamics in areas where austenite
or ferrite is unstable with respect to a carbide, nitride,
etc., which can precipitate

(c) putting limits on thermodynamic considerations when
various constraints are applied, e.g. when a substitutional
element does not partition to equilibrium between phases
or when we desire to calculate relative stabilities of phases
under the constraint of constant composition as in the
austenite-martensite transition.

There are perhaps three levels of approach which have been used; in in-
creasing order of complexity, they are:

(a) Attempts to extend the basic classification of iron base diagrams
(due to Wever(1 5 )) to make quantitative estimates of phase bound-

aries between f. c. c. and b. c. c. phases. This was originally done by
Zener(1 7 ) and West(17 ) with later publications by Oelsen and Wever( 1 8 )
and Andrews(1 9 ). The assumption is made here that the difference in the
heat of solution of an element in o and 6 is independent of temperature and
composition. We may then write

C ~IR

and t.f ¥

_exp RT )
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where C', C•' are concentrations of the alloying element in t•and 6, '.,H is
h u .. ... ifence in heat of solution between '! andX (i.e. 41-I = - H 1) and

GY - Ge" which is known quite well. A single value off .- H repre-

sents each binary system quite %veil with the exception of those elements
like ohromium which show a minimum in the "f-!oop. Extensions for carbon
and nitrogen below A1 however snow poor agreement with various exper-
imental values and the assumption of constant AH appears to break down,
coupled with an increasing necessity to make non-ideal entropy of mixing
co i'ectinns.

(M) E3xperimental values of Smith(2 0 ) are available for the activity of
carboi1 in austenite over a iange of compostion. and temperature.

When plotted with an infinite dilution standard state they are independent
of temperature over the range 800-1200oC and may be represented as

In .c _in _ 1 +6.6 N

_____2. 084Ellis et al( 21 ) have recently suggested log 1 0 a' = log1c - - 0.638T

Smith's equation also implies that the heat of solution of carbon with a
graphite standard state from 8000C ,to 10500C (graphite) in austenite is
independent of composition and temperature (about 10, 000 cal/mol). Ellis
et al suggest about 9,500 cal/mol.

A single set of values for 'C . as a function of compostion is avail-
able at 725oC( 1 4 ); the values are crOsely similar to those for carbon as
might be expected.

(c) A more elaborate treatment using the methods of statistical mechan
ics has been attempted by Kaufman, Radcliffe and Cohen' 2 2 ) follow-

ing Scheil(2 3 ). They attempt to obtain a self-consistent set of calculations
to agree with known data by the concept of a number of "excluded sites",
S., as nearest neighbors of an interstitial atom which cannot. on average
be occupied by an added interstitial atom. This number appears to be 4
(out of the twelve available); extrapolations of tho,\and Y compositions in
equilibrium can then be made using this assumption into the temperature
region below A1 giving markedlvy different values at which the phases would

be in m'?tastable equilibrium from those obtained by 1he Zener hypothesis
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of constant AH or from extrapolations of Smithts(2 0 ) or Ellis' (21) data.
....... ( 124) haS calculated 'be v. us poiu ibiiitis w1ich diverge rather

rapidly as the temperature falls, and the assumption become worse. If
A = Se + 1, and W is the energy difference between an isolated carbon
atom in solution and that required to occupy an interstitial site adjacent to
a carbon atom, then

A = 13 - 12 -W/kT

We note that W = 0 corresponds to no excluded sites (Se = 0 or A = 1) and
W = or corresponds to Se = 12 or A = 13,ie.complete exclusion of nearest
neighbors.

3. Thermodynamics of Substitutional Solutions.

Both theory and experiment are not quite on such a sound footing with sub-
stitutional solut- -ns in iron as with the interstitials, due at least in part to the
more concentra.ed solutions with which it is necessary to deal.

The Zener approach gives an approximate method of calculating the shape
of thr _- " phase boundaries from one experimental value in the binary in those
cases where I -Loop minima do not occur. The values of AH from the binaries can
also be used to estimate ternary diagrams (see next section).

Experimental values of activity variation with composition are now avail-
able for the b. c. c. phase in iron-chromium( 2 5- 2 7 ) which is nearly ideal at about
12000C as shown in Fig. 3, and for the f. c.c. and other phases in Fe-Ni(2 8 ), Fe-
Mn( 2 9 ), Fe-Zn(3 0 ), and Fe-V( 3 1 ), no obvious pattern exists to allow prediction of
activities; these latter are substantially non-Raoultian.

Weiss and Tauer(2 ) have suggested an extension of Zener's ideas (32) on a
detailed analysis of specific heat contributions, and shown that it is possible to
predict the(K - " boundary of the Fe-Mn diagram from a kncwledge of the variation
of such quantities as the density of states at the Fermi level, the number of Bohr
magnetons per atm., etc. with cm,,ositin. The p.."erI"^f"" also -- "..'..

for Fe-Ni(3 3 ) but the difficulty of obtaining the necessary physical quantities ren-
ders the method of doubtful practical value at the moment.
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4. Ternary and Higher Systems

The real value of understanding the factors contributing to binary systems
is the potential ability to predict phase boundaries and equilibrium compositions
in ternary and higher systems.

A generalization of the Zener approach using(Hf- Hf) has been made by
Andrews( 1 9 ) to calculate the amount and composition of phases in an (cc +Y" ) field
with some limitations, e.g. no undissolved carbides should be present. In some
cases, it is possible to extend the ideas to calculate transformation ranges in
certain steels. An example of the agreement between experiment and theory is
given in FIg. 4. With the development of high alloy low carbon steels for structural
applications, this method could well be a useful time-saver in designing heat treat
ments.

When substantial amounts of carbG&' are present, or even small amounts
with strong carbide formers, Andrews' method is less valuable. There are sever
al areas of practical interest where estimates of phase boundaries wou~d be use-
ful:

(a) control of austenite grain size by Al, Nb, V, etc.

(b) banding in low carbon steels

(C) choice of austenitizing temperature for highly alloyed
materials, e.g. tool and die steels where austenite com
position fixes martensite hardness, amount of retained
austenite, ease of Lempering and residual stresses and
craking susceptibility.

(d) equilibrium phases in tempered steels, notably the com
position of the ferritic phase

A piece of information which may be helpful in ausforming studies (see
section on martensite) is the position of the extrapolated soiubility line for ce-
mentite in austenite below A1 . Making the reasonable assumption that the enthalpy
of carbon and iron in austenite are independent of composition over the ranges
customarily found in steels, Darken and Gurry(3 4 ) show that the heat of solution
of cementite in austenite is about 7500 cal/mMl at 10000 C. Using the experimental

- - ~ z:. ~ -~ -- ..:
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solubility at 10000 C, and noting that the enthalpy for the reaction

Fe 3 C (cementite)-.- 3Fe (r) + C (X)

is not strongly dependent on temperature, we can calculate the extrapolated value
of Acm as shown in Fig. 5. Ca.rbide precipitation during working of austenite can
only occur of course for temperature-composition combinations to the right of
this line. This may in Dart be responsible for the observation that the lower the
•working temperature during ausforming, the stronger (in general) the product.

Work on the kinctics of precipitation of car'bides from deformed harden-
able austenites is sparse, not ieast due to experimental difficulties (35). A study
of the precipitation rates and morphology of cementite from undeformed coarse
grainrd high carbon austenite has been made by Heckel and Paxton(3 6 ). They em-
phasize the role of silicon in retarding carbide growth rates; whether this is re-
levant or not in ausforming is not yet known.

The calculation of the extrapolated Acr for alloy steels is not quite so
straightforward. We may consider an approximate calculation for the iron-chromium -

carbon diagram to illustrate the important concepts. Isothermal sections at 8500C,
10000C and 11500C have recently been publist cd by Bungardt, Kunze and Horn( 3 7 ).
We may use these data to find the composition o! austenite in equilibrium with a
given concentration of a specific carbide (e.g. (CrFe)7 C3 ) as a function of tem-
perature, i.e. the Acm). These compositions yield tha approximate heat of
solution of this particular carbide, which can be used to extrapolate the Acm to
lower temperatures. Some typical curves are shown in Fig. 5. It will be observed
that even relatively small amounts of chromium, such as 2 w/o, cause a sub-
stantial change in the A relative to Fe-C alloys, anrd thus make carbide nucle-cm
ation possible at lower carbon contents or higher deformation temperatures.

Elements which do not form stable carbides (such as Ni) would have a
much smaller effect.

A further useful concept(- which can be obtained either experimentally or
from thermodynamic data on solutions in iron is the temperature T0 at which the
free energy of %iron (G ý is equal to taht of ?c iron (G * ) under the constraint of
constant composition. The martensite transformation temperature must be below
this (38).

In addition to the effects on quench cracking, retained austenite and dimen
sional stability which have been appreciated for a considerable time, control of
Ms temperature by close control of composition is of crucial importance in the
high alloy steels involving transformation to martensite by a variety of techniques.
A balance must be struck between the tendancy of alloying elements to produce
S-ferrite during heat treating and their effects on Ms. Since the different alloying
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elem.nnts do not have the same effect in both cases, judicious selection can optimize

the desired amount of i -ferrite and martensite within feasible steelniaking limits('I9).

The propensity to form 6 -ferrite is dep-endent in sign on whether the added
alloy is an austenite stabilizer or a ferrite stabilizer, but not quantitatively so as
shown in Table 1. The effect on MS is dependent in sign on the magnetic contribut-
ions to the specific heat difference between atand V , but again is not quantitative.

As might be expected, the effect on sB/atom is not linear and the "strength"
(,f an element expressed as

SI% alloy)
A.]Co

depends on the specific composition C0 .

Some typical values are shown in Table 2.

TABLE 1

Change in 6-ferrite Limit of X-loop in
Element % for 0.1 w/o % for I w/o binary diagram

w/o (a/o)

N -20
C -18
Ni -10
Co - 6
Cu -3
Mn - I
W + 8 1.0 (3.2'

Si + 8 2 (4)
Mo +1, 3 (1.8)
Cr +15 12 (12.8)
V +19 1.5 (1.6)

Al +38 0.6 (1. 1)



VII-15

TABLE 2

Approximate Effects of Alloying Elements on Lowering Ms

(4TOC for I w/o alloy)

MS range (250 to 4000C)(40) (20 to 100oC)( 3 9 ) (-800C to 100oc)(39) (in 22.5%Ni)( 4 1 )

C 474*

N

Ni 17

Cr 17 40

Mo 21 40 51 20

Mn 27 35

V 32 60 30**

Co -15

Cu 32 40

W 27 45

Al 54 51 0

Si 40 60 30**

Nb 55**

Ti 35**

* From calculations of To, Kaufman and Cohen( 3 8 ) obtain a value of 370°C/%C.

** Nb, Ti, V and Si first raise M. when a few tenths of a per cent are present;
this value is for amounts greater than that necessary for maximum Ms.
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Nucleation and Diffusion Controlled Growth
of Phases in Sieels

1. Nucleation

The topic of nucleation of one solid phase in another has been the subject
of several revie,. ,s (42). The problem is complex and cannot be considered to be
solved quantitatively. However, w, may make some useful qualitative observat-
ions. We write schematically

Ncoc e-QDAT K&.r A-'r5J2. 1e- +

where

QD is the activation energy of the diffusion process necessary to pro-
vide the local composition change for nucleation,

K is a geometrical constant involving "nucleus shape" and wetting
angles of the nucleus with tfe various interfaces in contact with
the nucleus (nucleation is invariably heterogeneous),

"are the various surface energies involved,

JAGv is the Gibbs' free energy change between bulk product and parent
lattice,

is the strain energy pro~duc-.!d by the critical nucleus. This will
always be to.Itive and reduce 4 Gv (which is negative) leading to
a smaller N. However, certain spatial orientations of the nucleus,
particularly near imperfections, produce smaller values of t than
others and thus favor apparently larger values of N.

The expression for N predicts that nucleation rate increases with increas-
ing temperature difference from the equilibrium temperature (whereAG =- 0).
For transformations on heating (e.g., a + Fe 3 C-*)r), the rate should increasc
continuously. For cooling transformations (e: g. •'-• pearlite) a maximum should
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be reached in the nucleation rate because of the rapid decrease in e-QDA/T as the
temperature is reduced. These effects arp indeed observed (43).

Nucleation rate should also be dependent on nucleation site. It is usually
very difficult to separate strain energy effects from surface energy effects for
nucleation at grain boundaries in steels, although Aaronson(4 4 ) and Heckel and
Paxton (45) give clear qualitative examples of differences in nucleation frequency
at various types of grain boundary for ferrite and cementite precipitation from
austenite respectively.

In Al alloys containing a few per cent copper, the e' precipitate obviously
nucleates in a manner which depends on the local strain field around the helical
dislocations (46) formed in these alloys by quenching and aging. In the case of
iron alloys containing N or C, somewhat similar effects occur (47, 48). With large
supersaturations (•/JGv), for example, iron nitride precipitates (Fe1 6 N2 ) form
on free dislocations and on those in sub-boundaries in all possible00ýc. With
smaller supersaturations, precipitates appear on only one of the 1001planes
or only on selected dislocations. At very large supersaturations, precipitates
form in the matrix apart from dislocations as they do also in GP zones and 0" in
Al-Cu. The same phenomena can occur in quench-aged Fe-C alloys(4 8 ), although
at lower suprsaturations, precipitation on dislocations also occurs, often on all
three 01)0O, Small additions of manganese change the precipitation behavior
quite noticeably. The precipitation in 3.25% Si alloys is also different from es-
sentially Fe-C alloys, perhaps because Si changes 4 Gv significantly, because at
low temperatures an isomorph of Fe N2 is formed rather than cementite, and
also because Si has a very low solubiity in cementite and thus may have to diffuse
away from an advancing carbide-ferrite interface before growth can occur(4 9 ). We
shall return to this subject later in discussing growth of one phase in another.

As in non-ferrous systems, (e.g. Al-Si)(5 0 ) vacancy condensation on grain
boundaries can lead to a precipitate free zone close to the boundary in Fe-N and

Fe-C alloys. Keh and Leslie(4 8 ) propose that this creates a zone which is free of
nucleation sites, which may possibly be individual vacancies rather than the pris
matic loops which often seem to be sites for nuclei in non-ferrous systems.

2. Growth

Ideally, the growth of one phase in another should be a very simple prob-
lem in principle. The subject was discussed by Noyes and Whitney(5 1 ), and by
Nernst5 2 ), around the turn of the century. Nernst, considering the transport of
matter to crystals in supersaturated liquid solutions, for example, postulated
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of curvature r,, r2

Sis the surface energy of the particle-matrix interface

and V is the partial molal volume of the component in the

particle,

attaining local equilibrium of activities at the interface means a consider-
able change in concentration gradient with particle size. If r = r2 = r*,
the critical nucleus size, there is no concentration gradient in the matrix.
To make further trouble, the value of ý is not easy to estimate especially
for very small particles, or coherent interfaces.

(d) Rejection of a slowly diffusing impurity may cause changes in act-
ivity of the obvious diffusing element near the interface, and thus

seriously alter the concentration gradient.

It is of interest to study some of .he data where careful measurements have
been made with an awarness of the pitfalls above. We shall discuss the growth
from austenite of pearlite, grain boundary cementite, and Widmanstatten cemen-
tite and ferrite, and the growth of austenite into ferrite in various morphologies.

3. Austenite-Pearlite

A series of recent reviews have been written on this topic(4 3 ' 56) Growth
studies on pearlite were initially popular because of its practical importance and
because the rate was constant in the materials investigated, eý en though the struc
ture and detailed mechanisms were complex. That a constant growth rate is not
an inherent characteristic has recently been demonstrated by Calm and Hagel(5 7 ),
who showed in an Fe-5.2% Mn-O. 6% C alloy that the spacing becomes increasingly
larger and the growth rate smaller with time.

The importance of capillarity, i. e. the fraction of available free energy
stored as interfacial energy, in this reaction was first pointed out by Zener(5 8 ),
whose model has since been modified and extended by various workers. The de-
tails are elaborate and not appropriate here, but the current situation seems to be
that the degree of segregation of alloying elements and the importance of diffusion
along ther/1f + Fe3 C) interface are both very relevant. Thus factors (a), (c), and
(d) are important and a priori calculations cannot yet be made. Alloying elements
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affect growth rates markedly( 4 3 , 5(6).

For practical purposes, the growth rate in plain carbon steels dominates

the qucleation effects in determining overall kinetics for temperatures below
about 6600C since "sit3 saturation" has occurred, i.e. there are enough nuclei/

grain to easily use up thc austenite by growth. Grain size effects on hardenability

seem to be related at these lower transformation temperatures at least in pait to

the time for a growing pearlite front to consume an austenite grain.

In alloy steels, it has long been the practice to add elements which "move

fl.e TTT curve to the right". By extending the TTT curves to transformation curves

cxi continuous cooling, a substantial literature has developed on "hardanability"

"with vacious numerical treatments of substantial practical value(5 9 ). In considering
the basic nucleation expression, alloying elements could in principle affect QD, S ,
/GV or t,. Data for quantitative comparison are extremely scarce. While it. is true

that cobalt alone of the elements measured increases A Gv for i.--) pearlite(6 0 )

(because oi its effict's on magnetic specific heat--see section on thermodynamics)
and also increases NT, it seems more probable that the suggestion of Cahn and

Ilagel(5 6 ) has a good deal of validity, viz. nucleation site saturation c 'curs early
and the effects of alloying el3ments are mainly on growth rate, up to several or-
ders of magnitude.

Research on pearlite growth rate may well be fruitful in producing deeper

hardening steels or cheaper steels to compete with present grades, as traces of
boron are useful in minimizing massive pro-eutectoid ferrite precipitation. The
synergistic effects of a number of alloying elements have been recognized for

many years as the Grossman multiplying factors (59) (rather than additive factors)

but to the author's kn,)wledge the combination of alloying elements has not been re

examined after the theoretical studies of Cahn and Hagel( 5 6 ).

4. Austenite ----- Grain Boundary Cementite and a Lower Carbon Austenite

This reaction appears at first sight to be a particularly fruitful one in
,.'hich to study diffusion controlled growth since the geometry is quite simple (and

thus allows theoretical predictions to be made at all which is not always the case!)

., wide range of precipitation temperature and matrix compositions can be invcsti.
ated, and experimental measurements can be made by the optical microscope.

Some results of Heckel and Paxton( 3 6 ) are shown in Fig.6. The observed growth

rate is much lower than that calculated from long range diffusion control; the rate

can be increased measurably by reducing the silicon dissolved in the austenite but
this does not explain all of the discrepancy between theory and experiment by any

- -. ~-. ~-Mo-m-
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means.

It seems clear that part of the reason for the slow growth rate is due to
factor (d), in this case the rejection of Si from Fe 3 C as discussed earlier thus
upsetting the expected concentration gradients. Whether this is the whole reason
or not is unclear; there may be short range crystallographic limitations to the
mobility of the Fe 3 -C-austenite interface (factor (b). Because of complexities in
crystallography, this concept is better explored in another system described
later.

5. Austenite-t4Widmanstlitten Ferrite or Cementite

It appears to be an established fact in the transformation of austenite in
the iron-carbon system that very small supersaturati-nns produce precipitation
primarily at grain boundaries( 6 1 ). With somewhat larger supersaturations, the
new phase forms as Widmanstlitten plates(5 4 ) by a relatively slow growth process
(i. e. not the very ra id plate formation typical of martensite). These plates have
a habit plane of i111j for ferrite( 6 7 ) and a non-unique habit plane in the vicinity
of ! 7341 for cementite( 6 3 ). Ferrite plates appear to have aKurdjumow and Sachs( 6 4 )
orientation relationship; PitscJ1(6 5 ) has reported for cementite in a 12% steel that

(oil (1IL0

~OOz 1/ 5

There are two features of interest in the growth of these plates. Firstly,
the plate grows much faster in its plane than normal to it. It remains to be seen
whether this is because the edgewise growth is faster than that expected from
planar diffusion control due to the point effect of diffusion, or because the normal
growth is lower than expected due to a low interface mobility(54 ' 55). Secondly, we
may ask if the plate grows by the non-cooperative transfer of single atoms across
the interfaces or if some lattice shear is involved as in the formation of marten-
site(6 6 , 67) and bainite(6 8 ).

The questiom are not easy to answer unequivocally, because both convinc-
ing experiments and adequate theory, are sparse. Data are available from electron
emission microscopy on pro-eutectoid ferrite plates(6 9 ) which show that thicken-
ing is parabolic with time whereas the lengthening is linear with time. Calculated

1: M- _• •
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rates based on carboJn diffusion as a rate controlling step are vithln a Factoc ol 2
to .,(54). Data by Hillert (70) on lengthening of Widmanwstten ferrite have been

-3'rr _j I - _ 9 - 17 .. ..
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slightly different models; the agreement is again off by about the same factor.
Rates of lengthening of cementite plates have been measured by Heckel and Paxton
(36); Lore the calculated values differ by orders of magnitude and it may be that

silicon pOrtitioning is responsible.

A major difficulty arises in trying to calculate the radius of curvature of
,yco ing plate tip. A sharp tip favors rapid growth by the point effect of diffusion

.,ut if At becomes too sharp, the pressure effect on activity of components in the
plate reduces the concentration gradient in the matrix and hence the flux to the in
terface(5 8 ). The vexing question has always been to decide convincingly which

principle of naturWshould be applied to find the optimum radius and so far this

has escaped workers in this field.

The subject of shear in the formation of Widmanstitten plates has been
discussed by Chi istiaa(72 ). It appears highly probable that Widmanststtten ferrite
at least forms with a semi-coherent interface and thus advances by shear. No
measurements appear to be available on cementite. We shall see later that aus-
tenite car. definitely form by shear from ferrite(7 3 ).

The immediate relevance of these calculations to microstructures of en-
gineering interest is pkrhaps not obvious. The relatively large plates suitable for
the measurements are not usually found except in normalized structures and in the
heLt affected zones of welds. However, very small plates are found in tempere-d
structures, and particularly in those showing secondary hardening, and for creep
resistance. Slow growth of these particles is desirable to prevent overaging, and
am understanding of the controlling factors is helpful. The growth of carbides and
nitrides durin6 quench aging, which can affect desirable magnetic properties, is
also in a \M idmanst~tteD form and direct measurements are difficult.

6. The Formation of Austenite

In spite of its tremendous importance as an intermediate stage in most Ec:V -

t-.catments if steel, very little work has been done to understand in a quantitativc
way the formation of austenite. It seems reasonable that the grain size, texture,
concentration gradients, and dislocation patterns could be influenced by control-
ling rates of nucleation and growth.

Austenite may form either by a shear transformation (74) or by classical

• • .- . _- -.,, - ',- • .. _=". .
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nucleation and growth( 7 5 ). In probably all single phase systems examined, eitherS mee-hqnjm o "--+ depending on the supersaturation. Examples are:

(a) Iron whiskers

Wayman et al(76 ) have shown that by gradient heating, austenite
forms by shear giving a clearly defined tilt at the s, - "(T interface. The
equivalent N and ;. transformation has not been shown, but it seems in-
conceivable that at small supersaturations it would not occur eventually.

(b) Large oc -iron crystals

Grozier et al(7 3 ) have shown that austenite will grow into zone-re
"fined 4Nc iron single crystals by exposure to a suitable NH 3 /H2 mixture. If
the crystal surface is relatively imperfect, any nuclei of austenite can
form at small supersaturations and growth is controlled by nitrogen dif-
fusion through the austenite to the( - Y interface. If on the other hand,
nucleation is suppressed by making a more perfect crystal surface, theo•
can bt .ome quite supersatdrated with nitrogen relative to the normal ni-
trogen content of ferrite in equilibrium with austenite. When the aastenite
finally nucleates then it can grow very rapidly, and advances as plates
with a definite surface tilt i.e. by shear.

(c) Iron-nickel

Martensite forms fairly readily from austenite in, for example,
Fe-Ni(7 7 ), at relatively slow cooling rates. The reverse transformation
i. e. M -10 6 can also proceed by shear if the heating rate is moderately
rapid(7 4 ), or if the heating rate is slower, by disproportionation

NC-. 1 _WO + YC2

in the two phase field, or by simple nucleation and growth if in the all Y'
field. The change in dislocation density produced by shear-formed austen
ite can significantly change the mechanical properties( 74 ).

In the more usual case of the formation of austenite from two-phase systems
usually cementite and ferrite, quantitative isothermal investigations are rare.
Roberts and Mehl( 7 5 ) examined the formation of austenite from pearlite, Molinder
(78) from spheroidite, and Speich( 7 9 ) has used laser beating to extend the work to
much shorter times. There is a great deal of work, predominantly Russian, which
uses heating rate rather than isothermal holding time as a parameter. Many inter-
esting properties can be obtained from such austenite formed rapidly. It is also
possible to go directly from iron-carbon martensite to austenite without tempering
the martensite giving another control variable.
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The practical potential of these processes seems consideratble?; further
.... under.......gthe iech f•lis -in- . c ffect's seems extremely desirabie

along ., ith development of practical methods of achieving control of nucleation
and growth of austenite grains.
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THE PROPERTIES OF AUSTENITE

Introduction

An enormous amount of information is available on the body centered alloys
of iron, especially on the mechanical properties. Efforts on the face-centered
austenitic phase have been on a vastly reduced scale. Perhaps this is because only
recently has it been realized that these properties may be significant in influencing
transformation behavior and resultant properties of body-centered phases and ag-
gregates. For many years, all that was expected of austenite was a reasonably
homogeneous composition (with no surface changes such as decarburization) or a
properly controlled amount of a second phase such as a carbide or T-ferrite. In
the last five years or so, the true importance of a control of the structure of aus
tenite prior to transformation has been recognized. Indeed, it is the opinion of
this aathor that the surface has just been scratched and that significant improve-
ments in strength, ductility, weldability and processing will result from an intens
ive study of austenites and, concurrently, a coupling of the science with engineer-
ing techniques to permit a close full-scale practical control of temperature, time
and deformation.

Even steels normally used in the fully austenitic condition, which have al
ways been quite readily deformed in the annealed state necessary for maximum
corrosion resistance, have shown a remarkable increase in yield strength by a
rather simple composition change designed to refine the grain size after anneal-
ing at the customary 10000C for solution of chromium carbides( 8 0). Considerable
effort on the work hardening characteristics of austenite has resulted in the abil-
ity to produce steels with high rates of work hardening, for structural purposes
or-stretch forming after cold rolling(81), especially at low temperatures( 82 ) or
with lowered rates for improved performance in drawing( 83).

We shall try to list some relevant information on the properties of austen-
ite as a base to point out areas where knowledge would appear very helpful.
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1. Microstructure of Deformed Austenite

From work on fcc metals and alloys, it now appears clear that the stack-
ing fault energy is a most important parameter .n determining the fine scale mi-
crostructure of deformed material. For relatively high values of • (i. e. ) 1),

cells are formed during deformation of a few per cent at room tenA&erature(84).
(ý -7 stacking fault energy - hereafter SFE, G = shear modulus, b = Burgers'
vector). Below this value, cross slip becomes progressively more difficult and
Clasociated dislocations much more prominent. Measurements on stacking fault
energy are limited on austenite. Around the 18 Cr 8 Ni composition the SFE is low
and increases with jucreasing nickel content (Fig. 7). In iron nickel alloys, judging
from published photograpiLs of undissociated dislocations, the SFE is relatively
high. The SFE for austenites with varying amounts of C and N has only been
-examined in Fe-Cr--Ni alloys( 8 5 ). It would seem to be a most important para-
meter, especially in work on high strength materials produced by ausforming
and further effort seems crucial. Up to 0.12 w/o N appears to reduce the SFE
somewhat whereas the effect of 0.1 w/o C is small, possibly increasing SFE
slightly.

Reasons for this difference are not apparent but the effect seems to be
carried through into the stress corrosion cracking characteristics, which have
been linked with stacking fault energy(86 ). Nickel-cobalt alloys can be obtained
with very low SFE's near 70% Ni(8 7 ).

It is possible also that the number of vacancies retained in austenite,
helped perhaps by concentrations of alloying elements, would be relevant. Again
measurements are very sparse.

2. Properties of "Austenite" Single Crystals

In an attc:,rpt to generalize, and to survey the possible types of behavior,
we shall call under the ihe-iding "austenite" any fcc alloy containing substantial
amounts of Fe, Ni, Co or Mn.

Some rep :escntative stress strain curves for single crystals are shown
in Figures 8 and 9. it will be observed that they vary from the "classical fcc pure
metal" type of curve for Co-Ni (88) to an '%c-brass type" for some of the stainless
steels(8 9 ); a maraging composition gives curves very similar to the stainless
steels(9 0 ). The reasons for these differences are not immediately appare~it.
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Thnn An nuwide varYietyr of ointons f the tentileo axis v or on the trnafsitnn
to polycrystalline behavior are sparse indeed.

The temperature depend~nce of the flow stress in certain compositions is
much greater in degree than in copper base alloys for example, especially as the
Ms is approached. The SFE varies with temperature also, becoming quite low as
Ms is approached. Direct evidence for this has been obtained by Barclay( 9 1 ) by
deforming Fe-25 Cr-20 Ni polycrystals at a variety of temperatures. At 40 K, the
dislocations are clearly dissociated; at 770 K and above, they are not. Whether or
not the SFE is influo:ncing the flow stress needs investigation.

Some indirect evidence for variation of SFE with temperature is also per-
haps supplied by the observation of Hu and Goodman( 9 2 ) that deformation of stain-
less steel at temperatures not far above M followed by recrystallization produces
an N'-brass" texture characteristic of a low SFE. Deformation at higher temper-
atures produces after recrystallization the famous cube texture characteristic of
copper, with its much higher SFE.

A characteristic of some austenites seems to be "je'ky flow" reminiscent
of the blue brittleness phenomenon in%-'ron, and also present in many copper-
base and aluminum-base fee alloys. This has not yet been observed in austenite
single crystals (with the exception of the unrelated case of twinning at very high
strains in Co-Ni alloys)( 8 8 ) but is clear in a variety of polycrystalline alloys (Fe-18
Cr-13 Ni-0.1 N)( 9 3 ), 300 M (a high-silicon 4340)(94), H 11(3 5 ), etc.). The low-
alloy steels showed jerky flow at strain rates between 4 x 10-5 sec-1 and 2 x 10-3
sec- 1 in the range 8000 to 10000 F (430-5500C) whereas the highly alloyed stain-
less steel shows this behavior below 2000C at a strain rate of about 10-4/ec.

It is also reported to be possible to produce a large upper yield point in
this latter material by aging for a short period under stress(9 3 ). A small grain
size seems to be a pre-requisite for this type of behavior( 9 5 ).

Little work seems to be available on the effect of wide variations in strain
rate on the mechanical properties of austenite(9 1 ). This also seems a fertile field
for research. The benefits of the ausforming process seem to be somewhat dep-
endent on strain rate during deformation.

3. Properties of PolvcrVstalline Austenite

In the annealed condition, at room temperature, stable austenites have a
low yidd strength (35, 000 psi) and an extensive plastic region reaching tensile
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strcngths (load/original area) of over 100, 000 psi with elongations over 50% in 2".
vrcquentiy, for structural purposes, the austenite may be cold rolled quite heavi-
ly, and th, mchanical properties for various compositions and reductions are
tabulated by all the major producers. For modest deformations, the Bauschinger
effect(!'6 ) does not seem too important. Texture hardening( 9 7 ) way be of interest
but does not seem to have been examined specifiLcAlly.

The effect of varying the grain size of austenite on its mechanical proper-
ties has not been extensively examined. in order to obtain no undissolved carbides
in the recrystallized austenite in stainless steels, an annealing teilperature of
1000 0 C is often usual although the steel after tbout .50% reduction by cold work has
completely recrystallized at about 850-9000 C. Yeo and Scott( 8 0 ) have shown that
by adding a judicious amount of niobium to such a .steel, resulting in a precipitate
of NbC which restrains grain growth, the conventional anneal at 10000C can pro-
duce a much finer grain size and a significant increase in mechanical properties
(Fig. 10). Yieki strengths up to 56, 000 psi are possible with Type 304 material
(0. 07 vu/o C) containing about 0.2% Nb as opposed to about 35, 000 psi with no Nb.

The grain size of austenite in SAE 1040 and 51B60 has been shown to be
capable of considerable refinement by Granga(9 8 ) using controlled deformation snc.
recrystallization. The combination of mechanical properties of the polycrystallinc
aggregates of ferrite and pearlite formed from this fine grained austenite are
notably better than those from an austenite of "normal" grain size produced by
heating alone to the austenitizing temperature followed by transformation.

-i. The Effect of Transformation by Dederniation on the Mechanical Proper-
ties of Austenite

It is a well-known fact that under appropriate conditions, austenite can
form martensite when deformed plastically. This is an important method of hard
ening certain types of stainless steel (e.g. Types 301, 201) by cold rolling or
drawing where it has been known for some time that it is possible to produce pro
perties such as those in Table 3 for Type 301(99).

At first sight, these properties seem entirely reasonable in view of our
Lnowledge on the austenite-martensite transformation. At temperatures below
that at which the free energies of austenite and wartonsite of the same compos-
ition are equal (TO) an appropriately directed shear sLress should assist in the
transformation( 3 8 , 100). Thus for these steels whose M..s is around room tempeer

ature, but whose Md is usually substantially above room temperature, deform-
ation at room temperature will cause the austenite to transform. At lower temper
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TA A T.F R.

Min. Y. S. (ksi) T. S. (ksi) RA% E% in 2"

Annealed 35-40 100-105 60 50 (min.)

1/4 hard 75 125 12 (min.)

1/2 hard 110 15" 68 7 (min.)

3/4 hard 135 175 3 (min.)

Full hard 140 185 3 (min.)

atures, where the austenite is still more unstable, we may expect transformation

to be even easier (Zerolling)( 8 2 ). The properties of the material will depend on

(a) the amount of martensite produced

(b) the relative work hardening rates of martensite

and austenite at the rolling temperature

(c) the degree to which martensite forming from
deformed austenite inherits the defect structure

of this austenite.

It must also be remembered that any measurements at room temperature
of the properties of a steel rolled at sub-zero temperatures may be affected by
the worksoftening phenomenon(1 0 1 ). In view of all these complications, it is not
surprising that the results are complicated, being quite sensitive to composition,
amount and temperature of deformation. An interesting recent result by Breedis
(102) for example shows that for a steel containing 15% Cr and 13% Ni, an increas_
ing amount of martensite from 1 to 40% formed during deformation gives about the
same work hardening rate (true stress - true strain) as the same steel in which no
martensite formed during deformation at a higher temperature.

Floreen et al(1 0 3 ) have investigated a variety of compositions and found that
following 40% deformation, 24 hours at 800OF caused a further increase in strength
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vwhich could be expressed with a single parameter based on the calculated M_ of
the alloy. When the alloys contained moderately large amounts of Co (7-12%) or
Co + Mo, an extra strength increase of 30-40 xi was found. There seeins to be
little synergistic effect of Co + Mo, in contradistinction to the verywell marked
effect in the "maraging" steels(1 04 ) which are based on martensites in the iron-
nickel system.

However, a closer inspection of all the results on deformation strength-
ening in these alloys, shows that, while the properties are most welcome, they
are not easy to understand with our present knowledge. Consider the results of

Floreen et al (103). The yield strength (0.2% offset) of as quenched low carbon

low alloy martensite (105) (with about 0. 11% C + N) is about 150-160 ksi and thae
tensile strength about 190 ksi. At low tempering temperatures (up to 8000 F) the
yield strength is increased somewhat for the general class of low carbon marten
sites, -1 the tensile strength somewhat reduced(1 0 5 ). A 4340 steel with 1.5% Si
added, oil quenched and tempered at 800 0 F, shows properties (106) somewhat
similar to Floreen's results

e.g. YS 230, 000 psi

TS 245, 000 psi

E 8%

RA 50%

It is rather difficult to estimate work hardening rates for the 0.1% and
0.4% carbon martensites from the data cited. The problems of comparison is
further muddied by the fact that both of these contain carbides either as quenched
(105) or certainly after tempering prior to testing. Floreent s deformation pro-
surnably produces martensite free of precipitated carbides because of the lower
Ms; whether carbides precipitate during aging is not yet clear although it seems
probable. A most interesting side observation, which has some generality, is
that reduction of Si to below 0.15% and preferably below 0. 05% leads to significant
improvement in toughness at high strength levels.

Thus we are faced with the problem of trying to understand how it is pos-
sible to produce a rnicrostructure consisting of a mixture of deformed low catboi1
martensite and probably some retained austenite, which resists deformation in
substantially the same fashion as the tempered 0.44% C steels containing a disper-
sion of carbides whicb had long been thoug't to be a most efficiently hardened
material.

It is thus natural to try to assess quantitatively the work hardening cha-
racteristics of austenite and martensite (and perhaps tempered martensite). The
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rate Of work hardening of austenites varies with composition, and temperature of
deformation, at least in part due to the tendency to form martensite. The value
also depends on the amount of deformation in polycrystalline material, being
largest at low strains as is customary. Some approximate values are given in the
table below obtained largely from material rolled and then tested in tension.

TABLE

Composition Average Change in Yield Stress

per % Ieformation Strain Range Ref.

Fe-30 Ni 1200 psi 0-35 % 107

Type 308 3000 psi 0.-20% 99
2500 psi 0-40 %

Type 301 4000 psi 0-20% 99
3000 psi 0-40 %

Fe-20 Cr-20 Nil*
20 Cr-16 Ni 500-700 psi 0-40% 89
20 Cr-12 Ni

* Tensile tests on single crystals between -77 0 C and 1500C

Values are for slope of Stage 11 (108) of the curve

Values for the strain hardening of carbide free martensite are scarce. In
Fe-30 Ni, the value is comparable to that for austenite, i.e. 1200 psi/%(1 0 7 ).

5. Precipitation Hardening of Austenite

This topic has been extensively reviewed recently (109-111) and will only
be summarized briefly here.

Solid solution hardening of austenite is slight so this is not useful directly;
however alloying elements do modify the lattice parameter and thus influence the
properties after precipitation of the various possible phases. Simple carbide pre-
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cipitation is not very helnfiil--the har•diig1ht and the + .... ny't.....ra--
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is pronounced. Carbides of Ti and Nb are more useful because they precipitate
and remain at higher temperatures. They do not cause much strengthening at
room temperature directly, although as we have seen, they may do so because
of a refining effect on grain size (80). They are of more interest at high temper-
atures, where the more subtle properties, such as rupture ductility, may be in-
fluenced by changing the strain associated with precipitation by control of the
lattice parameter.

Intermetallic compounds can have significant effects on both low and high
temperature properties. In general, the fcc jf phase based on the ordered LI2
structure seems to be the maost efficient. Ti is the most useful addition when
present as Ni (TiA1). This is a transition phase in most commercial alloys, the
equilibrium phase being It- Ni3Ti, a hexagonal structure,

Many of the other compounds possible in the various alloys (e.g. Laves',
b , •,,X, qy and G phases) are deleterious, especially if they cause discontinuous
(cellular) precipitation. They can be controlled somewhat by control of quenching
processes, to limit matrix strains, and by limiting the amount of precipitating
phases especially by control of maximum Al and Ti addittions.

I
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PROPERTIES OF FERRITE

Introduc tion

More of 'he b. c. c. phase of iron is produced each year than any other
aietal. It is rarely used alone, or in the purest possible condition; often, indeed
usually, this is deliberate although there are probable areas of use where addition
al economical selective purification would probably be helpful. For the most part
the alloys are as close to iron-carbon as possible for cost considerations; any
alloying element deliberately added must be justified on the basis of significantly
improved properties or the impossibility of producing the desired structure and
properties in the necessary size and shape, or to control undesirable side effects
which are not related to the principal properties.

It is then of interest to study the properties of "pure" ferrite so that we
may distinguish between inherent effects and those caused by alloying elements.
Many investigations have been carried out on "iron"(1 1 2 ). Its extreme sensitivity
to interstitial impurities has caused the nominal "properties" to vary as improved
techniques are developed. The problem is further complicated by difficulties with
analysis in the very low ranges; unfortunately these difficulties are not least for
those elements to which the properties are very sensitive, e.g. C, N.

1. Lattice Imperfections in Ferrite

Many of the properties in which we are interested are of course related to
the lattice imperfections (of various dimensionality) and their interaction. A large
number of studies have been made of these imperfections, and it would be inappro
priate to try to summarize them completely here in view of many recent reviews.

Briefly, from self diffusion studies on iron, the sum of formation and
migration energies at high temperatures for vacancies is about 2.5 eV. (113).
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Attenipts to break this down by the methods used for fcc metals have not
been particularly successful. Probably because the activation energy for migration
is quite low, all the vacancies in thermal equilibrium at a high temperature cannot
be retained un quenching. Irradiation and plastic deformation at low temperatures
produce defects, the kinetics of annealing these defects can be followed by resis-
tivity measurements but the spectrum is complex. The problem is further compli
cated in iron becaltse of possible interactions between interstitials and vacancies(1 1 4 ).

The movement of dislocations and their interactions have been studied by a
variety of techniques. Iron probably has no unique slip plane, and because of easy
cross slip of screw dislocations can readily form cells on deformation at room
temperature(1 35 ). At lower te--peratures, cross slip may be apparently some-
what more difficult and a moderately uniform pattern of straight dislocations
exists after a few per cent strain at 195°K (115). At temperatures in the c c-;ep
range, structures with the regular crossed grids (as in specimens strained at
lower temperatures and recovered)( 1 1 6 ) are produced.

In some cases, dislocations appear to be generated from grain boundaries
(117), possibiy from ledges. To provide the observed densities, multiplication

must occur. Both Frank-Read and Koehler-Orowan ("double cross-slip") mechan-
isms could be operative.

The important subject of the quantitative relations between the stresses to
move dislocations of various kinds and the dislocation velocities has received
much attention in iron, in part due to its importance in brittle fracture of irons
and steels( 1 4 8 ). The problem is difficult to attack directly, especially in pure iron
and a number of more or less indirect approaches have been made.

The important practical consequence of dislocation mobility is the marked
increase in flow stress with decreasing temperature. Considerable efforts have
been made to determine if this is due to an inherent property of the dislocation,
s,"F a a. the Peierls' force, or if it is due to interaction of the dislocation with im
purity atoms.

The experiments of Stein and Low(1 1 8 ) on 3% Si iron, which measured
,3locities of (1) 0) edge dislocations, support the idea of a strongly temperature

dependent Peierls' stress in this material. However, more recent experiments
by Stein, Low and Seybolt( 1 1 9 ) have shown in pure iron single crystals that by
using extremely pur'ý hydrogen to remove carbon and nitrogen, the temperature
dependence of the flow stress is much reduced. Thus the problem of the dominant
resistance to flow is not yet resolved.

The effects of grain boundaries in ferrite are exi.remeiy important, and
are used extensively in practical metallurgy. Ferrite grain size may be contr.]l-
led by transformation of austenite, by tempering of marter.site, or by recrysial-
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lization following cold work. Although a good deal of practical exper- ic., has been
obtained over the years, our unaerstanding of nucleation and growth rates is still
rudimentary. It seems very possible that a complete quantitative picture will never
be available, but even qualitative concepts have proved useful e.g. Grange's work
on reducing ferrite grain size by reducing austenite grain size, (98) control of
forming qualities by control of texture of deep drawing sheet( 1 2 0 ), improvement
of strength and impact properties of cheap ferritic structural steels by additions
of Nb(121).

To illustrate the application of many different ideas applied to ferrite and
resulting in a commercial product, we may study briefly the factors among which
a choice must be made in the manufacture of high quality deep drawing sheet.

2, Production of Deep Drawing Sheet

The product desired is ideally a material which will stretch under uniaxial
or bi-axial tension, drawing, or bending under tension without fracture, which will
require relatively low loads to produce this deformation, which at areas whure the
strain is small (of order a few per cent) will not defr'.m discontinuously producing
"stretcher strains", which will not strain age, and which has a small grain size to
avoid "orange peel" caused by uneven deformation near grain boundaries and at the
center of the grains. To produce even some of these desired properties in such a
material requires quite sophisticated physical metallurgy especially when operated
within the conztraints of a highly comp.etitive marketplace.

It may be helpful to tabulate some of the choices which may be made in the
production of this material, and see how these infhlence the ultimate properties.
Of necessity, the following is somewhat over-simplified.

Properties known or
SteanufacturingSep Choices believed to be affected

1. Composition of % C curve,

steel % N aging
%0
Si, Mn. etc.

2. Deoxidat on Rimming Ingot yield and surface,
practice Killed grain size, Bt values,

agin
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3. Hot rolling Number and % Grain size (oranbc I
reductioil of peel) R value

passes
Finishing temp6ratui'e

4. Coiling temperature High As for 3

Low

5. Cold Reduction Amount R value, d g. s.

6. Annealing Practice Method (box anneal, Hardness, ot grain
continuous anneal size, R and n* values,
either conventional strength, aging, sur-
or cowpact, or open face properties and
coil) Atmospheri.. composition
T-t cycle

7. Cooling T-t cycle Aging behavior

8. Temper Rolling Amount
Time before use Aging, (1- ?.curves

(n values)

R is an approximate measure of the preferred orientation in the sheet.

B. is defined, following Lankford et al(1 2 2 ) as

In WiWf
In Ti/Tf

where W and T are tbe width and thickness of the gage section, and the subscripts
i and f refer to the values of W and T before and after straining in the range of
uniform elongation.

*If the true stress-true strain curve can be approximated by

this equation defines n. It can be shown that n is the true at.sain at maximum load.

Among the scientific problems which are imperfectly unilerstood. 5 may

list the following.
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-- (a) Mec-hann~i¢tu 1 ', .... I *fknw

(�a, Mechancal proprtiesofsoli' soiutions and aggregates (of known
interest in steps 1, 5, 6, 8).

(b) Control of meit chemistry and its influence on solidification, nota-
bly segregation.

(c) Nucleation (Steps 1, 2, 6, 8) and growth of one phase in another
(Steps 2 (1fromW), 4 (Afrom X), 7 (Fe3 C and FexN from 2).

(d) Recovery, recrystallization and grain growth (Steps 3 (4), 4 (k),
6 (%).

(e) Development of textures (Steps 3, 4, 5 and 6).

(f) Interaction of interstitial atoms with lattice defects (Steps 6, 7, 8).

3. Further Observations

(a) R & n values Both R and n have been suggested as useful
measures of formability. High R values, for

example, correlate with good drawability of cup shapes. High n
valLes seem to correlate with superior ability in stretch forming.
However, while high R and high n values almost always assure good
formability, ocasionally material with low R values is also good, so
once again knowledge is still in the beginning stages.

It appears that sheets with high R values (> 1 - 5) have a substantial fraction
of (111) [IT10 oriented grains- This is often approached most readily by a cold
reduction of about 70% prior to annealing. 90% reduction tends to develop (111)
[1121 and 99%, followed by a 1600°F anneal, (100) [0123 , with resulting

smaller R values. The difference in preferred orientation between rimmed and
killed steels is not large, although the killed steels are usually superior in draw-
ability. At one time, the "pancake-grains" of Al-killed material were thought to
be responsible for this effect, but more recently this has been questioned( 1 2 3 )-

It is apparent that this whole subject could profit by a detailed study of
texture generation in iron of various purities and initial •tructures given a variety
of treatments. The situation is perhaps not too dissimilar from that prior to earlier
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attacks on two interesting textures -- the famous cube textures in coppc; and 3%
sIi;Uoii ILUI, boUtIh UL 6gLatL aicUdiUc1 . iftUr5t alU Uoln ofI hopfUIU. (uan b ar UU1-

fulfilled) commercial interest.

We may note here that texture studies alone are inadequate to describe
forming behavior. Because of the different stress systems Involved in the range
of commercial forming, no one parameter or test seems currently to be adequate.

(b) Work Hardening The relation of work hardening to identifiable
parameters in low carbon steels is difficult.

In f. c.c. single crystals, elaborate theories have been e;volved for
work hardening behavior (108). In all of these, the prediction is
made that

+ A GbV'

where and A are constants
G is the shear modulus
b is the Burgers' vector

is a dislocation density (sometimes forest, sometimes
Taylor parallel)

Experiments on various fcc metals confirm this quite well in single crystals
and even in some polycrystals. The work hardening of iron and other bcc crystals
are not nearly so well categorized. The characteristic three stages of hardening
are only rarely observed( 1 2 4 ). Extension to polycrystals in terms of the parameters
of dislocation structures has been made by Keh(1 2 5 ). He finds

<'Sr"+ 0.2 Gb{r

where f" ,,s the dislocation density in cell walls.

It is not possible however to express Keh's "stress-strain" results in the
form

"bi*n

perhaps because at low strains the deformation was not sufficiently homogeneous.
The specimens were 50-75 '! thick after rolling, and the initial grain size was 20n..
Thus a substantial fraction of the specimen was "surface grains" without the con-
straints of interior grains.

Further, Stephenson( 1 2 6 ) has shown t, at the work hardening rate of an
aluminum-killed low-carbon steel is independeat of the amount of dissolved carbun,
but the uniform elongation decreases as the carbon in solution increases to 0. 01%,.
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Thus, either real behavior deviates substantially from the parabolic hardening or
maximum load is not determined by plastic instability. It would seem to be well
wvorth ý%hile b try to perform metallographic studies on the failure of deep drawing
sheet analogous to those performed on copper (containing oxide inclusions) by
Puttick(1 2 7 ) and Rogers (128).

Stephenson( 1 2 6 ) has also measured a variety of properties as a function of
carbon in solution in polycrystalline ferrite, as defined by internal friction ex-
periments. Yield and tensile strengths increase substantially.

(e.g. YS = 28, 800 + (0.75 x 106) w/oC psi),

total and uniform elongations decrease noticeably and the strain aging index in-
creases markedly with increasing carbon in solution.

These propertie -will thus be influenced by the rate of cooling from the re

crystallization anneal since it is this rate which fixes kinetically the amount of
residual carbon and nitrogen in solution. An exception occurs when open coil
annealing techniques are used since the ccu.centration of C and N because they

stay in solution, can now be approximated from thermodynamic considerations.
In general, nitrogen because of its higher solubility should dominate carbon in
producing the effects above.

4. Conclusions on Ferrite

In spite of a great volume of work on "iron", it is not clear that we have

yet reached a material whic., is sufficiently pure that its properties will not change

further with increasing purity. Analysis problems are also severe, and it will not
be easy to get around them.

Thus, all work aesigned to gitq answers to the scientific questions must
be suspected to some extent of containing unknown interaction effects. For some
more practical problems, where absolute purity is not relevant in any case, con

siderable progress has beezk made recently but therf is room for clear under-
standing in many areas. Examples are control of textures, either by deformation

and annealing, or even by transformation from austenits, work. hardeivg aw
ductile fracture initiation ir. oriented structures, perhaps bcginning with single
crystals under biaxial stresses, and continuing efforts on the role of interstitials
in various phenomena such as brittle fracture, aging, work hardening and contre.l
of grain size.
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PROPERTIES OF MARTENSLTE

Iniroduciion

The ability of austenite to transform in a diffusionless manner to marten-
site is one of the main reasons why steel is an important structural material,
especialiy whei, good strength to weight ratios are necessary. Because higher
carbon martensites have little resistance to impulsive loads, they are frequently
used after precipitation of carbides by a reheating operation. For lower carbon
materials, the Ms temperature is sufficiently high that some carbides precipitate
in the martensite during even a quite rapid '.tuench(1 05 ). Aging effects occur at
room temperature or even somewhat below, so to study the properties of "marten
site" per se is not so obvious as it might at first appear. An elegant method was
devised by Wincbell and Cohen (129) who added moderately large quantities of
nickel thereby lowering Ms to prevent carbide precipitation while only altering
the properties in a minor fashion, for which reasonable corrections could be
made.

They were able to obtain values for hardness at room temperature both
-. ith and without some carbide precipitation. Precipitation causes a noticeable,
but not dominant, change in hardness. The flow stress as a function of temper-
ature for various compositions parallels the curve for polycrystalline iron but is
displaced to higher values by an approximately constant amount. The magnitude

of this shift in flow stress is a function of carbon content reminiscent of the change

in hardness.

The properties of tempered martensites are of great industrial interest
but have been discussed at length in many places (e. g. (59), (147), and thus will
not be reviewed here. We note in passing an interesting recent development by
Ifoneycombe( 1 3 0 ) and his co-workers who have shown significant effects on sec-
ondary hardening by quite small additions of unusual elements such as gold and
uranium. The reasons for the phenomenon are still not well understood. We shall now-,I consider martensite itself, and to do this intelligibly it will be necessary to brief-
lv discuss what is known of the structure, mechanism of formation, and i.DhvLent

properties.
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1. The Structure and Properties of Martensite

The acicular microstructure characteristic of martensite has long been
known, as, for high carbon materials, has its tetragonal crystal structure. How-
ever, high resolution optical microscopy and replica electron metallography did
not cast much further light on the detailed internal structure of martensite.
Transmission microscopy of thin films, initially by Kelly and Nutting( 1 3 1 ) has
".owever been fruitful in suggesting some of the details inside a single martensite
iplate.

In discussing these details, it may be helpful to characterize the different
Lce products which can form from austenite. The classic "plate" martensite in
high-carbon iron alloys or iron-30% nickel forms on a habit plane well removed
from (100)(, (110)1I or (111)1 with a shear angle of order 110. The strain energy
is large, and the undercooling below To is about 2000 corresponding to a driving
force approaching 300 cal/mol of austenite. It may be shown that an invariant
plane strain on the habit plane will produce the observed shape change but will not
produce a bcc or bct lattice. To accomplish this, heterogeneous displacements,
either slip or twinning, have been proposed to produce the correct lattice corre-.
spondence and orientation relationships( 1 3 2 ) and have been observed by many
workers.

There is a second morphology of martensitR which tends to form as "laths"
in <,110>el often associated in clusters on 1 111 )s . This is often found in
lower carbon martensites, and in some of the transformable austenitic stainless
steels. A shear is associated with this type of transformation. The free energy
change is not known too exactly but is perhaps 100 cal/mol.

The third mechanism of austenite transformation which gives a bcc or bet
structure is the "massive" type. This occurs generally at low supersaturations
and does not involve a cooperative displacement of atoms with its associated sur-
face shear. The free energy change iss again a few tens of cali/mol.

On apparently rather rare occasions, martenf3]te can aLh form at a free
surface "'out forming throughout the bulk of a specimen (133).

The crystallography of these transformations has been extensively examined
in an attempt to understand the possible homogeneous and heterogeneous shears
which could explain all the facts. Some of the predicted structures from the various
possible assumptions are indeed observed by thin film techniques but there are still
some problems remaining. E.g what is the nucleus for martensite? How is the
detailed structure related to properties? What fixes the choice between slip and
twinning as the heterogeneous shear?



!,tLate martensite is charactcrized by the presence of fine i1!2 • M twins,
. le%, týns of Angstroms wide with a separation comparable to their thickness.
The t.vins do not always occupy all of the martensite plate, and when they are
,.rescnt down the center may account for the mid-rib observed in the optical in;-
crcseope. Slip is observed where there are no twins. The internal structure of
inartensite of course also plays a role in carbide precipitation during tempering
and thus influences the engineering properi ies of materials used in practice.

Iath martensite shows no tviins; all the heterogeneous shear is by slip.
.tudies are under way on the internal structure and the properties of the massive

transformation products; they appear to be appreciably softer than carbon-free
miartensites( 1 3 4 ).

It has long been established that the hardness of martensite is a sensitive
function of carbon content( 5 9 ). Many reasons for this have been proposed somne-
what unconvir&ijngly(1 3 5 ). Winchell 's work, in collaboration with Cohen(1 2 9 ),
mentioned earlier, has suggested that the internal defect structures observed
have little to do directly with hardness, but that this is due primarily to solid
solution strengthening by carbon.

There appears to be little doubt that this is true although the details of the
p.0ocesses, suggested are perhaps not yet finally settled. Nitrogen has a very
similar partial miolal volume in martensite to carbon and should thus behave sim-
ilarly if strain energy effects are dominant. Reports are somewhat conflicting. In
a series of careful exoeriments on steels, Nehrenberg, Payson and Lilly.j(13 6 )

showed nitrogen was less effective than carbon as a hardening agent. On the other
hand, Owen( 1 3 7 ) reports that in Fe-N alloys, the hardness is very similar at
equivalent atomic concentrations to Fe-C alloys.

Owen has also suggested recently(1 3 7 ) that the measurements of his group
at high cooling rates to produce low carbon martensite (Z 0, 6 w/o C) show that
this may be cubic rather than tetragonal; the explanation involves using the ideas
on entropy of mixing of carbon atoms originally developed by Zener(13 8 ). If this
is true, it may be responsible for giving the change in internal structure, slip ia
cubic (low carbon) inartensites as the inhomogeneous deformation, and twinning
in the tetragonal (higher carbon) martensites. Alloying elements change the en-
tropy contribution by changing Ms to permit tetrugna.lity to lower carbon contei.
The idea is intriguing and should perhaps be explored further.

At very lox. carbon contents, there are also some intcresting effects on the
)l-itenite-martensitc tiansformation. It has long been debated whether pure iron
could or would transform raartensitically but it now seems to be accepted that the
(, 1-.criments of Sauveu r and Chou( 1 3 9) in 192u did in fact do this. Recently, the
(;[cxtb of small ",,ounts of interstitials have been reinvestigated by scvoral
* orL•rs. PhilibL-t(- 1l0 ) and \\oodilla ot al (141) show ed that stabilization of



nimlonifo requivred carbon, and Vnr%(' 14 2 ) abhow1ni noarjrhj isther.ma, trann-
form.Ltion tc martensite in iron - 25% nickel alloys if the carbon were sufficiently
low. Bibby and Parr(1 4 3 ) have looked at the M8 of iron-carbon alloys as a funct-
ion of carbon and show that the magnitude seems to be very sensitive to composi
tion below 0. 01 w/c C.

Carbon contents up to 0.15-0.20% produce interesting engineering mater-
i•, as quenched in that they are quite strong but can have good ductility(1 05 , 144,

. Sejnoha(1 4 5 ) has examined some of the time dependent processes which oc-
L, after quenching and concluded that a considerable number of "free" dislocat-

".,'x exist in as quenched low carbon steels. These free dislocations probably in
,;,, e the low values of plasticity and resistane to delayed fracture character-

ist ( of as quenched materials. Low tempering temperatures thus act both to pin
the free dislocations, perhaps by vacancies, in addition to precipitation of an iron
carbide.

It is apIarent that our ideas on martensite are in a state of flux and thus
it seems pointless to discuss martensite further until more data is at hand to
answer some of the dilemmas.

Interesting practical offshoots which have been explored with great interest
recently are the production of martensite from deformed austenite. Some of these
processes (e.g. zeroiling) have been discussed briefly earlier; the "ausforming"
process involves transformation following rather than during cold working. It ap-
pears that, in this process, by producing a substantial dislocation density in the
austenite and causing stable carbides to precipitate on these dislocations, the
martensite produced on subsequent cooling is stronger and tougher, presumably
by some sort of inheritance. The structure of the martensite may also be changed
from "twinned" to "slipped" following a change in composition of the austenite due
to carbide precipitation. Details of the mechanism of the extra hardening, and
methods of true practical appliCation are being studied very actively, and a review
seems premature in this report.
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CONCLUSIONS

Re-examination of some of the "well-known" properties of steel, triggered
in part by the availability of thin film microscopy, but also by a general refine-
ment of other techniques, has created nothing less than a revolution in the steel
industry. There are several beautiful examples of the phenomenon of "coupling"
1i.e. the application of ideas generated in basic research on a variety of materials
to specific probieiis in the production of.steels for .various purposes.

It seems highly probable that a good deal of improvement in steels can be
mi~ade by proper application of our present knowledge, and that new knowledge can
perhaps be applied more easily as the microscopic approach to understanding of
properties becomes widespread.

Strength and ductility are perhaps presently understood better than some
other properties although much remains to be learned. A good deal of progress
remains to be made in areas such as hot and cold formability, joining, the use of
I) 'oper design for very anisotropic microstructures (such ad strongly textured
iotals and composites), and finally the ever-present worrying area involving
crack propagal ion by fatigue, impact, stress corrosion, etc. These are not easy
problems, they often involve poorly defined situations, and a major difficulty is
to know where to start. However, if they can be made to seem "respectable" in
the eyes of the scientist interested only in knowing 'Why", by people doing good
w..ork in the area of knowing "how", and if these groups continue to interact stronj
ly, continued steady progress must surely result.

,0
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FIGURE CAPTIONS

figure 1 Separation of GO' - G0- into inagnetic ard noil-magnttic parts(").
KCW refers to values from refereuce (3,1; 1 are experimental
from (6) and (7).

Fizure 2 The effect of pressure on the phase traL-sformatiora in iron.

Kis&Lre 3 Vzrious values for (. ard "- in Fe-Cr alloya between 1040'C
and 13000C. Erokencfines area(oulls law; iron activitics are
calculated from those of chrornium by the Gibbs-Duhen equation.

!,iure 4 Comparison of observed and ce1culated austenite percentage for
twelve steels containing chromium.

flgure 5 Solubility of carbon in austenite in iron-ohrk mium-•carbon alloys.
For illustrative ptrpcses, the carbide with which the austerite is
in eqailibriuln at temperatures below the arrow is assumed io be.
of constant oeir.position. This same composi'.ion of cafbide is in
equilibrium with aust6nitc above the a.rrow; steels t I the compo-
sitions 3ieown are of course !n the fully avstenitic condition at
temperatures above Zhe arro-w.

Figure 6 Grain boundary film half thickness versus the square root of growth
time for steel C (i. 2%C, 0.25% Si) and steel F (1.16%C, 0, 001loS,;)
reacted at 80oGC, along with the wurve calculated for steel F ai
80o0 C assuraing carbon diffusion 0 be the rate controiiivig step.

Figure 7 Stazking faudt energies of various ausLen;Ves,

S__•rc 8 Stress-strain curves for single crystals of Co-Nqi alloys at various
temperatures. The orientation of the crystaLa was near the C 011I,
cornet of the unit triang:e.

igure 09 Stress-strain curvets ior single crystals of Fe-20% Cr-20% .0Ni. T'.
orienitation was close to the [9013 - rii] line and about 200 to,

(a0]1.
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Figure 10 Effect of process annealing temperature prior to cold work and
final anneal at 1800OF on yield strength of Type 304 base alloy
containing 0.07% C. The process anneal affects the amount of NbC
(.ibC) available to anchor grain boundaries.
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NEW AMERICAN ULTRAHIGH-STRENGTH STEELS

by F. R. Morral*

About 35 years..,o the development of .heat-treating techniques permitted
production and use of alloy steels with yield strengths of 70 kg/mm2 . Recently,
because of the needs of the aircraft and missile industries for materials with
high-strength-density ratios, the ultrahigh-strength steels have been developed.
These have yield strengths of 176 kg/mm2 and above. Some engineers are begin-
ning to think of steel as a "light" material, since each metallurgical advance adds
kg/mm2 to its strength and thus allows each gram of steel to support more weight.

One challenge for the development of these steels is that strengths of iron
whiskers of nearly 1400 kg/mm2 have been observed, while, theoretically, the
strengths have been calculated to be about 2800 kg/mm2 . This has led to making
composite materials with fibers. Today, however, I want to be primarily concern
ed with the strengthening of iron by the more conventional techniques of (1) alloying
and (2) working. The type of strengthening will be controlled by chemical compo-
sition and possible work-hardening mechanisms. Iron may be strengthened by the
following means:

(A) Solid-Solution Strengthening
(B) Martensitic Transformation

(1) Iron carbide in iron
(2) Other carbides in iron alloys
(3) Polymorphic transformation in low-carbon irons

* Research Associate at Battelle Memorial Institute, 505 King Avenue, Columbus,

Ohio, U.S.A.
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(C) Hardening by Precipitation
(D) Application of Mechanical Work

(1) At subzero temperatures

(2) Cold working
(3) Hot working

To obtain +he best properties, the chemical composition of these iron

alloys and steels must be b-alanced, and suitable heat treatments are required.

Most oi the alloys will be worked to obtain the proper shape.

Among the commercial high-strength steels, the following (see Table 1

for more complete chemical compositions) have found considerable use in U. S.
aircraft and missile iuduaries, as well as in construction and machinery ap-
plications:

(1) Hot-work tool steels (H-11 types)

(2) Low-alloy hardenable steels (AISI 4340 types)

(3) Martensitic stainless steels (AISI 418, 422, etc., 12Cr -
0. 17-0.28C)

(4) Semiaustenit*ic PH stainless steels (PH 15-7Mo, 17-7PH,
AM-355, 0.07-0,113C, 0. 30-0. 50C)

(5) Austenitic stainless steels (HNM, A-286)

(6) Martensitic low-carbon, high-alloy irons
(a) Stainless, containing 10 per cent Cr or more: AFC-77,

AM-367

(b) Maraging steels

Groups 4 to 6 owe their final desirable mechanical properties to the pre-
cipitation hardening of a noncoherent phase in t.he martensite. The precipitation-
hardening semiaustenitic steels (Group 4) are hardened by two methods: a double-

aging treatment and a refrigeration -hardening treatment. The latter is preferred

because it provides a higher strength and better corrosion resistance. Other
treatments used are: (1) annealing, cold rolling (60 per cent), and aging, and (2)

solution treatment, subzero cooling, cold rolling(20 per cent), and aging.

In addition, the cold-rolled austenitic stainless steels AISI 201, 202, 301,
and 302 have been produced in large quantity in the United States. They possess

the advantage of simplicity in manufacture and very high strength and corrosion
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re.sistance, but they can be formed only to a limited extent, Typical compositions
ior these steels are also given in Table 1.

Quenchig and Temperiing.

The following steps should be observed in ordinary heat-treating procec-
dures in order to obtain material with high strength:

(1) Austenitize or heat to a temperature approximately 100 F
above the so-called upper critical temperature, or A3 .

(2) Harden by rvpid cooling or quenching in a medium (salt
bath, brine, water, oil, or air' to transform the austenite
to martensite.

(3) Temper or heat to a certain temperature for a certain time
to obtain tempered martensite with more uniform properties
and a desired degree of ductility.

Of all the alloying elements in steei, no element enhances mechanical pro
perties as does carbon. However, at the same time, carbon content is often a
significant factor adversely affecting the mechanical properties of steels. A
quenched steel possessing carbon in excess of 0. 25 per cent, if tempered in the
region 500-600 F, shows a sudden decrease in ductility termed ??500 F embrit-
tlement". Another type of embrittlement which is found in alloy steels occurs on
tempering in the 950-1150 F range. This temper brittleness is also aggravated
by a high carbon content.

Retained austenite, which results in less than optimum properties, is
often present after conventional quench and temper methods. Subzero cooling is
often used to minimize retained austenite. Fortunately, retained austenite can
now be detected because X-ray techniques for quantitative determination are avail
able. Although retained austenite will transform to martensite, repeated temper-

ing may be necessary to minimize its adverse effect. Untempered martensite rc--
duces yield strength, tensile strength, and elastic limit in medium-carbon steels.

The phenomenon of quench cracking is a further limitation of high-strength
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steels. Upon rapid cooling of many steels, cracks either visible or microscopic
in size may be produced. It has been observed that if 4340 steel is water quench-

ed, cracks will often appear unless the material is tempered very soon after
quenching.

One further shortcoming of conventional hardenable steel is its suscepti-

bility to embrittlement. Hydrogen can enter the steel during the steelmaking
process, during heat treating in a high-hydrogen atmosphere, or during some

surface treatment such as pickling or plating. Hydrogen affects the ductility of
steel and often presents a serious problem. In this connection, it may be noted

that bainite is very much less subject to hydrogen embrittlement than martensite,

and that the cold workin• of a low-carbon steel appears to improve its resistance

to this embrittlement.

Basically, these deleterious effects can be eliminated or minimized either
by tempering at high temperatures, which tends to reduce the attainable strength,

or by avoiding high carbon contents which produce a very strong but brittle marten,
site.

Modified heat-treating techniques to obviate some of the difficulties of the

conventional heat-treating process are austempering and martempering, which
have been discussed in a companion paper.

Thermomechanical Treatment of Steel

Early in 1950, an American metallurgist, J. Harvey, reported improved
surface properties resulting from shot peening austenite just above the M. temper
ature (1). Investigators at the Ford Laboratories baptized the process of deform-

ing metastable austenite, "ausforming". One metallurgist defines this process as
"one to mess up the structure of metastable austenite as much as possible before
transformation so that the resultant martensite will be of ultra-fine dimensions".

Other terms fourd in the literature for this process over the past ten years are:

hot-cold working, Aus-Form, Austforming, austen-rolling, ausroll, and inter;:

rupted-quench mechanical working. The process is illustrated in Figure 1. This

treatment consists in deforming austenite without recrystallization, before trans

formation to martensite. It has been observed that the strength of martensite
formed from cold-worked austenite is greater than that obtained by conventional

quench and temper techniques.

Results obtained on 60 different steels have been reviewed recently by
Marschall( 2 ), Figure 2 illustrates the effect of carbon on the strengths which can
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be developed on conventional heat treatment and by th(; ausforming technique on a
steel containing 3Cr - 1.5Si - 1 Mn - 1Ni - 0.5Mo( 3 ). Figure 3 shows hardness
temper curves for three steels--low, medium, and high alloy, 300 M, H-l1 (mod-
ified), and Vasco MA, respectively.

In ausformed 300 M, hardness response appears similar to that resulting
from conventional treatment, except for the over-all increase in hardness (see
Figure 3). Conversely, the curves for the other steels are relatively flat, giving
no evidence of secondary hardening and showing greater resistance to overtemper
ing. H-1i modified and Vasco MA steels overtemper at about 150 F above the con
ventionally treated steels. It is of interest t(, note, too, that the special treatment
has eliminated the secondary hardening response and enhanced the resistance to
softening of the latter two higher alloy steels.

Figure 4 gives mechanical properties, showing that the yield and tensile
strength of Vasco MA and H-11 modified steels are almost constant over the tem-
pering range. At higher strength levels, ductilities are generally equal to or
greater than those in the same steel processed conventionally. These properties
are obtained by deforming the steel over 90 per cent reduction in area at 1100 F.

However, any amount of deformation in excess of 60 per cent gives a highly de-
sirable combination of strength, hardness, and ductility to the alloy.

Table 2 lists the modes of fabrieati-•.n which have been evaluated. Figure'.
5 compares the endurance limit of H-1i steels processed by the two techniques,
and Figure 6 illustrates their mechanical properties from -320 to 1200 F.

Since ausforming combines fabrication. and heat treatment in one manu-
facturing operation, the part must be formed and strePngtb•ned at the same time.
This imposes obvious limitations on the size, shape, and subsequent machining
end joiniPg operations. Considering these limitations, the following is a partial
list of potential applications: torsion bars, coil springs, punches, dies, cutting
tools, shears, high-strength bolts, aircraft parts, landing gears, and forgings
for earh-moving and agricultural equipment. As may be seen, ausformed steels
compete with materials such as hard facings, cemented carbides. and heat-treated
construction steels in which there are long and well-established experiences.

The mechanism by which these enhanced properties are achieved is not
yet known. However, it is probably associated with refinement of carbide dis-
persions, and refinement of the martensitic-plate size i3 an important factor.
In fact, the precipitation of inlermetallic phases may take the place of carbide
dispersions, as in the maraging steels(4 ).

Of interest to you may be a laboratory technique which was developed by
BISRA for assessing the- response of steels to thermomechan.ical manipulation(5 ).
Influence of the following factors can be studied with this equipment: austenitizing
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conditions (temperature and time), isothermal working conditions (temperature
and time, degree and rate of working), quench rate to roon' temperature and sub-
se~uqnt tempering treatments.

Mar7 Straining&(or Prestrain) and Rete __rv n

The Mar-straining process has been evolved by modifying conventional
heat treatment through the introduction of plastic deformation. Tensile strengthe
near 246 kg/mm2 can be readily obtained with yield-tensile ratios approaching
1. 0 and good ductility. fhe process is• relatively simple. The steel is first heat
treated in the normal manner to a high tensile strength (austenitized, quenched,
and tempered at a low temperature). It is then prestrained (deformed a small
amount--0. 4-3. 0 per cent), after which it is retempered for a period of 1-2 hours
at a temperature usually lower than that used for the original temper. Some of
the variables in the process are the properties before deformation, the mode and
amount of deformation, and the retempering temperature. The mechanism of
hardening is believed to be a combination of work hardening and strain aging.
Table 3 summarizes some of the properties of some commercial steeis common-
ly used in the United States.

Table 4 compares some mechanical properties obtained on Vascojet 1000,
a modified 1-- 11 steel, when processed by aussforming, marstraining, and ccrn-
ventional heat treatrments to a terisile strength of 300, 00G psi or higher.

ILow-Carbon Martcnsite /Jllovs

Iroa-base alloys that exhibit martensitic transformation in the absence of
carbon differ in several respects from their counterpaits containing carbon: (1)
the hardenability of the carbon-free alloys is usually quite high, (2) the as-quench
ed hardness is generally much lower than when appreciable qiuantities of carbon
are present, and (3) the reactions occurring during reheating of carbonless -!ar-
tensite and the resuhant changes in properties may be remarkably cijferent irom
those observed in carbon-containing martensite.

A series of new steels has been developed in the United States %' J.ich is
causing considerable interest througho'zt the world--the maraging stccLLl. The
reasons for the interest are evident from teir characteristicsf most significant

. . #
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of which are: (6 )

(1) Extremely high yield strengths (140-210 kg/mm2 ).

(2) Simple heat-treatment procedures, coupled with a
low-temperature aging cycle 14820C). Close control
is necessary, however, to insure consistent and re-
liable results.

(3) Good weldability.

(4) Good ductility which results in good formability.

ý5) Low notch and crack-growth sensitivity.

(6) Adsorption of hydrogen in pickling or plating does
not impair ductility.

(7) No decarburization problem.

(8) Possibility of nitriding surfaces to give higher wear
resistance.

(9) User has a choice of processing techniques to avoid
detrimental effects on properties.

These martensitic low-carbon precipitation-hardening steels are strength-
ened by a phase which precipitates thrc-ughout the martensite on the low-temper-
ature (4820C) aging treatment. Fabrication techniques and physical and mechanic
al properties of these steels (available in grades of 140, 176, and 211 kg/mm2 )

are given in Table 5.

One disadvantage of these steels is their low corrosion resistance. Certain
investigators, pursuing a somewhat different approach, have developed alloys
which depend on the same mechanism of hardening, but whose matrix contains
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chromium in solid solution to ,rovide corrosion resistance. Table 6 indicaies
melting techniques used, wo,.Aing, heat treatment, and other manufacturing data.
It also gives data on physical and mechanical properties. Many data are being
accumulated, and the literature should be examined for details( 7 ).

Many methods of melting (most of them mentioned in a companion paper)
have been tried on maraging steels. Economy and desired properties are the
decisive factors in a selection. Air melting, air melting and vacuum degassing,
vacuum-induction melting, air melting and consumable-electrode vacuum arc re-
melting, and shell molding have been used. Among the working techniques usee,
hot and cold working, roll forming, shear spinning, forging, different amounts
of work, thermo-mechanical treatments, resolution annealing after working, and
aging after working have been investigated.

It appears that the maraging steels may compete with the low-alloy ultra-
high-strength steels and, in some instances, with stainless steels.

Conclusions

The steel metallurgist is still far from the theoretical strength of iron
whiskers (2,800 kg/mm2 ) and even far from the practical strength of 1,400 kg/
mm 2 . However, he has come a long way from the strengths of 35 kg/mm2 com-
mon for construction steels at- the beginning of this century, for he will soon be
pushing the 350 kg/mm2 limit. The practical use of the steels seems to be pri-
marily in the area of 176 kg/mm2 , which can be obtained by a number of tech-
niques which depend on the proper balance of chemical composition, hot-cold
work, and heat treatment.

0b
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TABLE 2. W4,YS TO AUSFORM STEEL

Operation Shapes
Rolling Rod, bar, plate, sheet
Extrusion Rod

Shear spinning Tubes (up to 10 in. in diameter)
Forging (hammer) Bar, plate
Explosive forming Tubes (up to 3 in. in diameter)
Deep drawing Tubes (up to 12 in. in diameter)

TABLE 3. PROPERTIES OF MARSTRAINED STEELS

Strain, T.S., Y.S.,Elongat.,
Steels Austenitize Iretemper Retemper ksi ksi

SAE4340 1525 F-40 t 0.Q. 400F- lhr 1 400-Ihr 296 296 6.2
1525 F-40O.Q. 400F-Ihr 1 400-1hr 340 340 (a)
1525 F- 40'O.Q. 500F- lhr 1 300-1hr 334 334 3.0

300M 1650F-30'350F 400-2+ 2 1 350-2hr 305 300 3.0
salt

1650F-30' " 600-2+ 2 1 400-2hr 316 312 2.5

Vascojet 1850 F - 30' Air Q. 1000- 2+ 2 1.5 600 - 2 hr 304 302 4.5

'1000
(a) Broke outside gage marks.

TABLE 4. MECHANICAL PROPERTY COMPARISON OF

VASCOJET 1000 BY VARIOUS PROCESSES

Process Tensile Strength, Yield Strength, Elongation,

ksi ksi

Ausforming (Figure 3) 410 390 5

Marstrained (Table 3) 304 302 4.5

Conventional (Figure 3) 300 240 8
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Fig. 2 Effect of carbon content on strength cf hot-cold worked steels
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deformed 91% in the 850 to 1050 F range and the Vasco MA
was deformed 91% at 1100 F).
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400~ 0 Deformed 90% ,tempered at 1050 F
*Conventional, tempered at 1060 F
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Fig. 5 Endurance limit of H-1l steel ausformixg and conventional heat
treatment
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mens which endured indefinitely at the given stresses).
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RACIONALIZACION EN EL EMPLEO DE
ACEROS DE CONSTRUCCION

por D. D.FIarfas

I. Introducci6n

Las infinitas aplicaciones del acero en la vida moderna es uno de los sig-
nos m~s evidentes dcl avance de la civilizaci6n industrial.

La pujanza y adn el nivel de vida de Las naciones mds importantes se mi-
den por la produccifn de ese producto y sus necesidades de energfa. Luxemburgo,
un pequefto pars, tienc uno de Los niveles mgs altos del mundo, en virtud de que
su producci6n de acei'o pcr c~tpita es tambi~n uno de. Los md1s elevados.

Esta es la raz6n por la cuaL ,t~s principales naciones industriales han re-
alizado importantes trabajos de modernizacifn en su industria sidert~rgica, sobre
todo despu~s de la guerra mundial, para elevar sus producciones.

Estados Unidos y Rusizý niarchan a la cabeza por su produccifn y le siguen
Alemania Occidental, Inglaterra y Jap6n. Francia ocupa el sexto lugar. Los par-
ses Latinoamericanos, que recidn empiezan su etapa de industrializaci6n, han en
carado resueltamente este problema y Las Industrias Sider-drgicas de Argentina,
Brasil, IM~jico, Chile, Colombia y Veneziela empiezan a ser una realidad.

La siderurgia de ntiestra dpoca, no es una industria estgtica sino altamen
te dindmica, que la tornan cn una actividad compleja. Los prbgresos t~enicos y
cientfficos de Los t~itimos aihos, el advenimiento de nuevos metales y aleaciones
y de rnateriales pl~.sticos han obligado a la siderurgia a buscar nuevoe mercados,
crear nuevas aleaciones y adoptar nu'wos conceptos en la fabricaci6n y kitllzacift



de acei'os, para orieiitar en otro sentido la producci6n y aj)licaciones de estos pr~o
ductos.

Pero pese a Los &:scubrimientos y puesta a punto de numerosas alu"-Ciones
y materiales nuevos no mfetdlicos, el ACERO sigue siendo la aleaci6n rni1s versA-
til, md.s econdmica y de mayor empleo en todas Las industrias.

2. Problema latinoamericano de la industria del acero

Latinoam~rica y Argentina en particular han comprendido la importanc "a
que tiene la industrializaci6n para el desarrollo econ6mico. En nuestro pars tal
pro-ceso es un hecho irreversible. Se ha cumplido una primera etapa. La indus-
tria liviana estA consolidada. Es necesario proseguir con lo ya empezado en el
montaje de la industria pesada, verdadero basamento del desarrollo econ~rnico y
social del pars.

Dentro de esta etapa de industrializacifn, en el carnpo de la Ilamada indus
tria pesada, la siderurgia jugard un papel de primer order..

En el desarrollo de la industria del acero en los parses Latinoamericanos
se han seguido etapas, que han sido m~s o menos similares en todos ellos y que
se puleden agrupar en los siguientes pasos:

a) Fabricaci6r. de ARRABIO con instalacift de Altos Hornos, utilizan
do minerales y carbdn del pars o importados; con las subs iguientes
etapas de fabricaci6n de ace rus y sus transformacio~es pusteriores.

b) Importaci6n de ARRABIO y/o CH-ATARRA y fabricaci6a de acet-os
por los procesos de Hornos Siemens Martin yio Eldctricos.

C) Importaci6n de PALANQUILLA de diversas categorras de aceros y
realizaci6n de procesos de conformacifn por trafilacidu o laminado
en el pars.

d) Importacifn directa, de productos semi-terminados do aceros en for
wrade chapas, bandas, barras, perfiRes, tubos, etc.; para utilizar-
los directamenteo n la fabricaci6n de piezas y elementos de mndquinas
y equipois.

-. - - MW
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En Argentina se siguen actualmente los cuatro caminos seftalados; aunque
el incremento de la produccifn de las dos primeras tienden a disminuir la impor
taci6n de PALANQUILLA y SEMI-PRODUCTOS de aceros.

El desarrollo planificado sobre bases t~cnicas y cientificas de la planta de
San Nicolds y de otras en estudio (Sierra Grande), permitira. elevar notablemente,
la produccifn de arrabio y acero en el pats.

Para ello serd. menester adoptar una poiftica definida de desarrollo de es-
ta importante industria bdsica y adquirir plena conciencia que las pr6ximas etapas
deben cumplirse en forma tal, que junto a las nuevas industrias instzladas, se
creen paralelamente Laboratorios y Centros de Investigaci6n, ast como institutos
capaces de preparar los t~cnicos, profesionales e investigadores necesarios para
hacer realidad y asentar sobre bases firmes tal desarrollo.

3. Imprtaci6n de aceros en Argentina

Ucs otros dos caminos sefialados precedentemente significan siempre IM-
PORTACION, ya sea de palanquilia o de barras, perfiles, chapas, tubos, etc.,
de acero.

En este trabajo se desean analizar los problemas de esas importaciones,
para hacer resaltar los errores que se cometen y las divisas que se gastan inde
bidamente en tales adquisiciones; debido, sobre todo, a la carencia. de tipificaci6n
de las aleaciones que deben normalmente utilizarse, asf come al desconocimiento
de los principios t~cnico-cientfficos que deben regir la elecci~n y selecci6n de
aceros de construcci6n.

Por regla general Las fgbricas de aceros de todo el mundo lanzan al mer-
cado miles de aleaciones, fabricadas de acuerdo, a las necesidades de los consu-
midores (en Francia se fabrican cerca de 4. 000 categorfas de aceros). Para lo-
grar competir en el mercado, sus Laboratorios y centros de investigaci6n produ
cen sistemd.ticamente nuevas aleaciones, tratando en lo posible de abaratarlas con
el empleo de aleantes de su propia produccidn o que se consiguen a precios menos
onerosos.

De la misma manera que los productores defienden sus economfas; los par
ses importadores y consurnidores, como el nuestro, deben merced al estudio ra-
cional de la aplicaci6n de los aceL os, lograr abaratar sus fabricacion~es, que L6gji
camente redundardn en beneficio del pats.
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Esa racionalizacidn en la utilizaci6') de e-.stos productos, s6lo es posible
cuando Las industrias de transformacifn han alcanzado un cierto nivel t~cnico y
estAn dotadas de equipos y elementos modernos para los tratamientos t~rmicos
y procesos metaldrgicos, que requieren las aplicaciones correctas de tales ma
terlales.

Si se cconsidera, que attn cuando al desarrollo de la indutstria siderargica
se haga con pasos agigantados, su producci6n no podrd satisfacer, en una prime
ra etapa, Las necesidades de aceros de caLidad (finos y especiales); se compren-
dergt facilmentc que durante varios afios se deberd.n impoprtar esos tipos de ace-
ros.

En efecto, en Los parses altamente industrializados, el consumo de ace-
ros es del orden del 14% del consumno total de acero. En Los parses latinoameri
canos s6lo se alcanzan una cifra promedio del 6%.

Es de esperar que cuando Las industrias de transformacidn adquieran pLe
no desarrollo, Los requerimientos de todos estos materiales se dtuplicardn.

Un informe de CEPAL vaticina que en el campo de Los aceros de caLidad,
por algdn tiempo todavfa Latinoam~rica dependerd. de la importaci6n y la instala
ci6n de industrias dedicadas a la fabricaci6n de estos aceros no serfa convenien
te, pites la produccidn no encontrarfa suficiente mercado, y no justificarfan las
inversiones en ese campo.

4. Tipificaci6n de aceros de construccifn

Ante la realidad de que se debe seguir importando ACEROS DE CALIDAD,
ya sea bajo forma de palanquillas, barras, chapas, bandas, etc., sera conve-
niente adoptar una POLITICA TECINICA Y ECONOMICA, que oriente y ordene ta
les importaciones.

Ante todo debe limitarse el nilmero de TIPOS de aceros de calidad que de-
bieran utilizarse en el pars.

Para ello, sera necesario hacer una tipificaci6n de Los aceros de construeU ~ci6n, Jo que en Los parses moderras resulta en esta 6poca casi una imposici6n,

Sera. necesario establecer tablas de Los aceros de uso corriente, que satis
fagaii todas Las necesidaides NORMALES de las diversas industrias.
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Esas tablas deben contener en lo posible el nmenor ndinero de TIPOS DE
ACEROS; pero que satisfagan el mayor ndlmero de requerimientos de las diversas
industrias.

Algtln autor ha manifestado que: "Hay un s6lo medjo para mantener un nil-
mero reducido de tipos de acero sin inconvenientes tdcnicos para el consumidor;
que es sustituir Las series de aceros de calidad inferior por un acero de calidad
superior para el mismo objctot t .

Esta, soluci6n, puede dar excelentes resultados en nuestro pafs, y con ello
pueden limitarse notablemente los tipos de aceros a imwortar.

El concepta ya expuesto de reempLazar aceros de menor calidad, por otro
de calidad superior tiene adn ventajas en su utilizaci6n; pues Los errores de trata
mientos tdrmicos o de los procesos metalilrgicos no ser~n de tanta consecuencia
como en bs de calidad inferior.

La tipificaci6n de Los materiales ha nacido como una necesidad econ6m~ica;
pero en el caso de Los aceros se la puede realizar en base a los conocinijentos t~c
nico-cientificos que se tiene sobre estas aleaciones.

En efecto, es posibLe en la dpoca actual poder determinar con cierta preci
si6n cuales son las necesidades m~s generales de Las indu~strias del pars y en ba-
se a ellas seleccionar un grupo de aceros de calidad (no comunes) de las lfneas de
fabricaci6n de Las grandes industrias siderilrgicas, que cubren. el programa de ne
cesidades previstas.

Con la tipificacion que deber~.1 hacerse con aceros eciuivalentes de distintos
parses productores, se evitard un probLema muy comiln en nuestro pars, relativo
a la forma de adquisici6n de estos productc:) en el extranjero. Un ejemplo acLara.
rd mejor este concepto:

Acostumbrados, nuestros t~cnicos a Las -Normas de Acero SAE o AMS (Pa-
ra uso aerondutico), cuando quieren adquirir un acero lo, hacen en base a
Las designaciones de tales especificaciones. Pero si el pars donde se lo
puede adquirir, Inglaterra por ejemplo ýpor disponibilidad de divisas), los
productores de aceros ofrecen atros similares al pedido, y, normal en su
lrnea de fabricacidn. Generalmente nuestros tdcnicos insisten en el pedido
de acuerdo a SAE- y la f irma productora diebe fabricarlo espec ialmente pa.-
ra nosotros, con el consiguiente recargo del precio.

Si a ello se agrega quo, en general, el acero SAE pedido ya no so usa en
EE. TJU. , mientras que el que nos ofrocen es m~.s moderno, pues si bion tieno me
nos nrquel quo el pedido (cjeznplo: SAE 3310), el acere ofrecido )BS--EN 352) con-

tiene molibdeno y Los valores de fatiga y resiliencia son superiores al pedido.
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En la imporLt,,ift indisCriminada se coinpran aceros de diversos orlgenes
yde las mds di-.t Lintas compasic-ones --- mka . LI -i ̀  ecncmetstci

cos suficientes hacen que, la utilizacift de, tales aceros presenten inconvenientes
a veces insalvables, pues es l6gico que los t~cnicos y usuarios no puedan conocer
las condicliones de for-a y de tratamientos t~rmicos de los mds variados tipos de
aceros. En cambio, si tal ntdmero es limitado, ese conocimiento serd md.s facil y
una amplia difusi6n de las caracterfisticas de los aceros NORMA LES familiarizard.
a Los consumidores en Los procesos correctos de los mismos. Un ejemplo ilustra
rd. mejor lo expuesto:

Una industria argentina adquiri6 varias toneladas de acero de Europa, del
tipo SAE 4340.
Ensayando el material fue cieclarado NO APTO por agrietarse en el proce
so de temple. Hubo discLusiones con la firma proveedora y el material que
d6 por aftos en dep6sitos.
Cuando quiso venderse corno material NO APTO fu6 ensayado nuevamente,
pero se pens6 hacerlo con Las especificaciones..delpafs de orKigen y el acero
noi-malizado y templado segd1n esas, normas: NO S.E AGRIETABA. Es nota-
ble como una diferencia de 30 a 400C en el tratamierito de temple variaba
fundamentalmento el comportamionto del acero. Pero elo se justificaba
plenamente si se considera que el aCero adquirido tenfa mds MANGANESO
que el norma! de la SAE y tal elemento tiene jinportancia manifiesta en la
temperatura IMs. pard.itietro, que es tridice de la sensibilidad al agrieta-
miento.

En resurnen, se puede concluir que para racionalizar la importaci6n de,
ACEROS de calidad se imponen dos medidas fundamentales:

a) TIPIFICACION de las aleaciones que satisfagan las necesidades ge
nerales Cie todas Las industrias.

b) INTENSIFICACION de la ensefianza de la correcta apiicaci6n de es
tas aleaciones, fundada en bases t~cnico-cientificas.

El p~rimer aspecto, o sea el de la TIPIFICACION, debe ser encarado por
organismos que, ten2,an influencia en toda la Industria del pars y el nitis aclecuado
para ello es el INOSTITUTO ARGENTINO, DE RACIONALIZACION DE MATERLA-

LEFS 11R AMV), que ya ha emprendido algunos trabajos sobre este problenia, Este
orgaiiismo debe ponerse en comunicaci611 con otros similares de los pafses Lati
noan.ericanos para coordinar tal acci6n. Serd conveniente que algtln Comit(- de, la
CEPAL y de ALALC se ocupen prcferentemneite, de logra;- esos intercambios de,
informaciones, que, resultarda de grani utilidad para Las econonifas dc Los parses

- - -~- -- - -- -7
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I .nt innn mt-r io nnc.fl .

La elecci6n de los aceros que cubran todas Las necesidades de las diver-
sas industrias se debe basar, i6gicarnente, en las modernas concepciones que
existen sobre caracterfsticas que pueden adquirir los diversos aceros, en base
a los tratamientos mec~nicos, t~rmicos, qufmicos, termoqufmicos y a Los pro-
cesos metaldrgicos que se les puede aplicar.

Por tal, causa, previa a dicha selecci6n, serd1 menester estudiar Las pro
piedades de templabilidad, de forja y otras caracterfsti4-as de Los aceros que pr~o
porcionen elementos de juicio, bien definidos, para realizar una seleccifn racio
nal. En general se tratarA de elegir los aceros m~s modernos y Los que sean do
producci6n NORMAL en Los grandes centros de procluccidn de aceros.

Es mernester destacar que la TABLA de aceros NORMALIES no serI de ex
trenia rigidez, y su aplicacidn requerird que t~cnicos o industriales conozcan las
caracterfsticas de estos materiales para, poder realizar las sustituciones que la
pr~.ctica exija; ya sea por falta de algunas aleaciones en el mercado, o por tener
las intdustrias stock o cxistencias de otras qae puedan reemplazar perfectemente
a las de la tabla de tipificaci6n.

Por tal razdn adquiere suma importancia para nuestros pafses el conoci-
miento de Las bases en que realizar la equivalencia de ACEROS.

Modernarnente se considera que la EQUIVALENCIA de dos aceros puede
admitirse fdcilrnente si ambos tienen el mismo porcentaje de carbono; aunque Los
otros elementos sean distintos, siempre que tengan Los mismos pardmetros de
temnplabilidad (didmetros crfticos, temperatura Ms, dureza potencial, etc).

Por supuesto que se admite tambidn que si dos aceros de distinto porcenta
je de cariliono son capaces de adquirir por revenido la, misma. dureza, puede re-
emplazarse el acero de mayor porcentaje de carbono, por el de menor, pues este
dltimo superarl. al primero en sus caracterfsticas de fatiga, y de pLasticidad.

No se pretende entrar cii mayores detalles sobrc estos temas respecto de
!as cuales existe una abundante bibliograffa, pero se desea hacer resaltar la im-
portancia que estos problemas tienen en la TIPIFICACION de Los aceros de cons-

trucci6n.
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5. Utilizaci6xn de los aceros

Se ha mencionado anteriorraente quo una de Las medidas fundamentales pa,
ra lograr la racionallzaci6n en la ixnportacifn y empico de Los aceroe de construc
cifn, es la necesidad de intensificar la enseflanza de la correcta Paplicaci6n de es
tas aleaclones fundadas sobre bases tOcnico-cientfficas.

En efecto, de nada valdrA tener una tabla de aceros normales que satisfa-
galL a todas Las necesidades de las industrias, si posteriormente el empleo o apLi
cacl6n de Los mismos se realiza en forma incorrecta. Vale decir, que existiendo
en el mercado los aceros de Las tablas, lou wismos no se emplean con criterio
tdcnico-cientffico y se utiiicen en ciertas piezas aceros que no satisfagan las con
diciones que exigen Los proyectietas, o por el contrario, que se elija una aleaci6n
que cumpla en dernasfa tales exigencias y provocando en muchos casos dificulta-
des en Los procesos rnetaldrgicos (forja, grietas de temple, etc.) por sus eieva-
dos porcentajes de eilementos aleantes.

Ademnds, es posible que se realice una correcta aleacidn del acero, pero
la falta de equipok 6ie calidad 0 de conocimiientos t6cnicos suficientes da como re
sultado que los procesos nietaldrgicos y trataraientos tdrmicos se realicen de ma
ncra incorrecta, lo que l6gicaxnente disininuird la calidad de la piieza o elemento
fabricado.

Estos problemas de la correcta aplicaci6n de los aceros es uno de Los que
Ynns afecta a nuestra industria mctaldrgica. Muchas veces por falta de conocimien
to o por carencia de Los aceros adecuados, se emplean otr-os que est~.n lejos de sa
tisfacer Las exigencias mfnimas de Las piezas a que se Los aplica. En otras oportu
nidades so empieza a fabricar .na pieza con una determinada aleacifn, pero cuan-
do no se encuentra mds tal material en el mercado se lo sustituy3-'. por otro, gene-
ralinente de manera empfrica, sin saber a ciencia cierta si son vasrdadc±'amente
equivalentes. Pero lo que reviste mayor gravedad adn, es que se cambie en Los pLa
nos la categorfa del acero, aunqiie no':malinente no se cambian Las indicaciones de
Los procesos y de Las temperaturas de Los tratamien'tos tOrmicos, con lo c-uai se
comete un error dobLe, pues Los pequeflos industriales que no tienen aormaimente
experiencia en estos temas, bacen todo de acuerdo a lo establecidu Cli Ips planes.

Lo expuesto anteriormente tiene por objeto dar iuma visidn de algunos de Los
hiconvenientes que son normales en la aplicaci~n de aceros en nuestras industrias.
Ljin caer en ex-agelaciones, se quiere hacer resaltar la importancia do este plan-

too, que encarado con entusiasmo puede fd~cihinente resolverse y todo elo signifi
A ~cacv aumento en la CA LID!])D de Los productos metaldrgicos calidad que 16gica-

w~ente sirve para afianzar la Industria Nacional.

El problem,-. de la racionalizacidn en la utilizaci6n de estas aleaciones,
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que puede hacerse extensivo a otros materiale�. requiere en primer lugar una
capacitaci6n del personal que debe manipularlos. Tal capacitaci6n dehe iniciar
se en las Universidades y en los Altos Centros de Estudio, donde debe impar-
tirse la ensefianza de la m3talurgia en forma moderna, con bases cientfficas
bien firmes que permitan a los profesionales egresados comprender la importan
cia de estos problemas y poseer los conocimientos te6ricos y practicos que los
habiliten para encararlos con seriedad t�cnica y econ6mica.

La capacitaci6n debe coiitinuarse en el nivel de t&�cni�os, y los ingenieros
deben ser los encargados de tal preparaci6n en centros dedicados a tal fin, como
lo son las Escuelas Industriales y T�cnicas del ciclo �perior y debe completarse
en los talleres y fabricas, por medjo de cursillos y enseiianza practica de manejo
de los medios y equipos de procesos mc�aldrgicos, tratamientos t�rmicos, con-
trol de temperatura, etc.

Los capataces y jefes de equipos deben tener tambi�n una preparaci6n sufi
ciente rAra comprender las razones de los procesos que realizan y Ia importan-
cia que tiene su ti-�ibajo, para obtener productos de CALIDAD.

Para comprobar la bondad de los procesos y tratamientos t�rmicos, se
requiere realizar un control minucioso de las piezas en los distintos estados de
su fabricaci6n y ello requerir�. oersonal de inspecciC.� y de laboratorio capaz y
conciente de tales tareas. Solamente asr ser�. posible, mediante ese CONTROL
DE CALIDAD, asegurar una producci6n uniforme, y esa CALIDAD de los produc
tos fabricados acrecentara el prestigio de la industria del pars, que a no dudar
crear�. f� en los consumidGres, en el Estado, y en los medios financieros que per
mitir�n que sea realidad el desarrollo industrial del pars.

6. Conclusiones

Este trabajo s6lo pretende hacer resaltar algunos problemas sobre la Apli
caci6n de Aceros de Construcci6n en Argentina, y que puede hacerse extensivo a
otros parses Latinoamericaios. Posiblemente el tema es ya demasiado conocido
por numerosos especiali.stas e industriales de la metalurgia; pero se supone que
no se ha dado a este proLlerna la importancia que realmente tiene, para obtener I
CALIDAD en los productos metali�rgicos.

Sin querer sobreestimar su importancia, opinamos que es fundamental pa
ra un desarrollo arm6nico y racional de nuestra industria metahirgica, adquirir la
convicci6i� de que la metahirgica ha dejado de ser una artesanfa o ciencia emprri-
ca, para convertirse en Ia actualidad en iana verdadera ciencia.
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Solamente en la rama de la siderurgia los progresos de los ditirnos aflos
han sido, verdaderamente notables. Todo, ello se ha logrado merced a los trabajos
de laboratorio y fruto de esas investigaciones son los modernos mdtodos de oh-
tenci6n de acero por inyeccidn de oxrgeno, por colada al vacfo, reduccidn directa
en el alto horno per medio de hidrdgeno, colada continua, etc., para no citar si-
no algunas de Las t~cnicas rn~s modernas de esta industria. A ello deben agregar
se Los adelantos en loo medios de control de la calidad de los aceros fabricados
donde cuant6rnetros autemn~ticos permiten el control riguroso y r~pido de las corn
posiciones de las aleacior~es, cuyos resultados se transmiten desde el laboratorio
a la acerfa por teletipo, 'L0 que permite Las correcciones necesarias antes de la co
lada.

Asimismo, Los laboratorios de Las acerfas poseen otros medios de control
como son Los Betatrones, para exarninar las piezas que rebasan la capacidad de
los rayos X, Los modernos m6todos de ultrasonidos, microscopios electr6nicos,
la sonda de Castaing, los aparatos de fluorescencia, Las c~.maras calientes y nu-
merosos otros elernentos que permiten mejorar dfa a dina la calidad de Los aceros,
que pueden fabricarse adaptados a todas Las necesidades y con calidades cada. vez
mls exigentes.

A esos progresos y adelantos dle Las fabricaciones de aceros, deben equipa
rarse Los medios de control de Las industrias de transformacidn de los aceros.

Se debe igualmente alcanzar sernejante progreso a la aplicac i6n y rnanipu-
laci6n de estas aleaciones, que al salir del fabricante solo representan una serie
dle posibilidades, pero que en manos de los utiLizadores pueden adquirir variadas
condiciones segttn la habilidad con que sean realizados Los procesos rnetaldrgicos
y Los tratamientos termicos y de conformado de estos materiales.

Es en este problema. donde Los pafses Latinoamericanos deben volcar su
esfuerzo, pues el desarrollo de la industria exigirA que el porcentaje del 6% de
aceros no cornunes (especiales o aleados) que actualmente se consume, se dupLi
que en muy breve tiempo.

Es anheLo que se forme ceilciencia de estos probLemas. Se han eLegido los
aceros de construccifn no cornunBs por ser Los que requieren tO-cnicas m~s avan-
zadas en su aplicaci6n y por ser materiales que se importan en gran proporcift,
siendo fuentes de evasi6n de divisas y que resultardn m~s onerosos adn si sus
aplicaciones resultan errlneas.

W ~Los fabrivantes de aceros europeos y norteamericanos son optirnistas en
cuanto al desarrollo industrial de latinoamericanos y para ellos no les cabe la me
nor duda de que deben preveer exportaciones cada vez m~s importantes de aceros
especiales en Los prOximos afios.
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Ese optimismo de los productores debe tamhidn invadir a los parses Inti-
noarnericanos y se debe trab-ijar para hacer realidad tales previsiones.

Argentina y Latinoam~rica, tienen un gran porvenir en este campo y son
sus t~cnicos, ingenieros e investigadores qtiienes dardn las bases t~cnico-cientf
ficas para alcanzar el desarrollo de la industria metaldrgica en general y de la
siderilrgica en particular, que en alto grado contribuirdl al desarrollo econ6mico-
social de nuestros pueblos, aspiracidn comdli de estas naciones y por cuya rcali-
dad se debe trabajar sin descanso.
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CELLULAR METALLIC MATERIALS

by S. Lipson

Introduction

The development of foamed plastics and their application as materials of
construction have lent a certain impetas to the development of similar metal base
materials. The first successful attempt to produce an aluminum foam was the re
su.t of an Air Force contract with the Bjorksten Research Laboratories, Inc. (1).

The method used was similar to that employed for plastic foams in that a gas
forming component was added to the molten aluminum alloy. The first efforts..v'e.re

with the aluminum-magnesium eutectic composition (55% Mg-45% Al) with either
zirconium or titanium hydride dispersed through the melt as the foaming agent.

This produced a metallic foam which had a specific gravity of 0.5 to 0.6 gm/cc
with a void volume of approximately 75 per cent of the specimen volume. Some of
the apparent limitations of the process were the thickness of slab that could be

cast and the uniformity of the void dispersion. Another apparent limitation -was

the inability to cast useful shapes.

In 1957, Frankford Arsenal began working with the Harry Diamond Labor-
atories on prototype development of electronic packaging castings for missiles.
Thc use of a foamed metal for these applications appeared attractive, since
st rength requirements were modest and the damping properties of such material

wVOuld help to protect the electronic components from vibration damage. The low
density of the foamed material promised significant weight savings in the elc-2'-
trionic components. The Bjorksten material-, however, suffered from the 1imit-
athieos noted above and was apparently unsatisfactory for this application. At was

therefore necessary to produce thelse components in solid aluminuc. A method

* Sec References.
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was proposed subsequently for a process which would be capable of producing
shaped poi ,is castings with controlled pore size and distribution. The material
produced as a result of this process was called cellular aluminum rather than
foamed aluminum, since foaming played no part in the method of production.

Briefly, in this process use is made of a refractory mold which is filled
with graded soluble granules. The alloy is infiltrated throughout the compact by
methods which are discussed later in this report. After solidfiation, the soluble
granules are leached out of the structure, leaving a cellular metal structure
which has a void volume of approximately 70 per cent.

Preliminary tests showed that this method was feasible. The intercon-
necting nature of the voids was an interesting characteristic and suggested a
variety of other possible applications.

MATERIALS AND METHODS

Description of General Process

Cellular metal is produced by a foundry process. Molds are prepared ac-
cording to standard practice. Once prepared, the molds are filled with a suitable
grade of soluble granules. Since substantially all of the work described in this
report deals with metals having casting temperatures no higher than that of alu-
minum, the soluble granules used are graded crushed rock salt. In filling the
mold, the particles tend to pack in the most effective manner permitted by the
particle shape. Vibration is used to promote this packing. Since none of the
particles can remain suspended in space, each particle must contact at least one
other neighboring particle. In practice, all of : c particles touch many adjoiningp particles.

The mold is then heated in preparation for infiltration by the molten metal.
By selecting suitable temperatures the particles that comprise the aggregate be-
come :sintered into a coherent briquette. Figure 1 shows part of such a briquette
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which was removed from the mold after the heating cycle.

The metal is now melted, brougnt up to its pouring temperature, and poured
into the salt-filled mold. By methods which are described later, the molten metal
is infiltrated into the spaces between the salt particles and, once in place, is per-
mitted to solidify. The casting may now be shaken out of the mold and is ready for
any necessary machining. The casting is a composite material, one component
being the salt briquette and the other the metal infiltrant. The cellular metal
structure is exposed by leaching away the salt crystals from the metalsalt com-
posite. The product may be regarded now as a negative of the porous type structure
obtained by powder metallurgy. The metal component may be compared to the void
component of the powder metal compact and, conversely, the void component to
the metal component of the powder metal product.

It may be seen that this process permits control not only of void or cell
size, but also of cell geometry and size distribution. The details of accomplishing
the steps outlined above are described in the following sections.

Soluble Granules

Ideally, the soluble material used for making cellular metal should be a
high-melting point salt of high-aqueous solubility, non-corrosive to the metal
infiltrant, stable, nonhygroscopic, readily available, and inexpensive. Since this
investigation primarily pertained to the production of aluminum alloys in cellular
form, a salt had to be selected to fulfill the requirements as related to these
alloys. A review of potentially suitable materials quickly disclosed that sodium
chloride fully satisfied most of these requirements. In fact, the only serious
limitation was the corrosive nature of sodium chloride brines. Ahhough reference
data revealed several other promising salts, on the basis of the criteria mention-
ed above sodium chloride was selected as it was far superior to all those consider
ed. "Table I presents some of the water soluble salts which are suitable for this
process, although due caution must be observed before they are so employed. The
temperatures and times required for infiltration and solidification are of such
magnitude that materials normally regarded as inert may react in an unexpected
manner.

The salt used in this work was a commercial grade, marketed as "Louis-
ianna Rock Salt"*. It was obtained in moderately coarse lump form, being pre-

This grade is 99+ per cent sodium chloride.



TAbLE I. SOLUBLE SUBSTANCES FOR CELLULAR METAL PRODUCTION

Solubility
(gm/100 ml H2 0 at

Melting Point Indicated Temp)
Salt Formula (OC_. (OC)

Sodium aluminate NaA10 2  1650 VS
Sodium carbonate NaC03  851 VS
Sodium chloride NaC1 801 35.7 (at 00)
Sodium fluoride NaF 980 4.22 (at 180)
Sodium iodide NaI 651 256. 8 (at 600)
Sodium metasilicate Na 2 SiO3  1088 S
Potassium bromide KBr 730 53.48 (at 00)
Potassium sulfate K2S04  1076 24. 1 (at 1000)
Aluminum fiuoride AIF 3  1040 S
Calcium oxide CaO 2572 *

* Soluble in acids and solutions of NH4 salts

NOTE: VS - very soluble; S - soluble.

The properties of sodium chloride follow.

Melting point 8010 C
Coefficient of cubical expansion 0. 000121/oC (at 60 0 C)
Specific gravity 2.165 gm/cc
Specific heat 0.219 cal/gm/OC (at 300C)

Aqueous solubility
00C 0.357 gm/cc
1000 C 0.391 gm/cc

dominantly 4 to 8 mesh. These lumps were further reduced by crushing and the
crushed salt was graded according to particle size. Crushing was accomplished
by a standard reciprocating jaw crusher with adjustable jaw clearance.

A grade of salt marketed as table salt was also employed for some of the
matec•als. This was composed of cubic crystals. The sieve analysis of this grade
is given w. Tablo' II. In order to obtain spherical particle shapes it would have

been necessary to D,?t up a procedure for pelletizing salt powders. This was not
done, therefore this study was confined to either cubic or anigular cell geometries.
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TABLE II. SIEVE ANALYSIS OF STANDARD DISTRIBUTTON

Salt Aggregate (Table Salt Grade)

Particle Shape: Cubic
U.S. Std. Sieve Opening Weight

Mcesh Sieve No. Microns Inches

20 20 883 0.0331 T-'ice
28 30 589 0.0234 0.49
35 40 414 0.0166 18-85
48 50 295 0.0117 55.38
60 60 250 0.0098 16.62

100 100 147 0.0059 7.77
Pan Pan --- 0.89

Molding

Mold materials for making cellular aluminum castings must be permeable
in order to provide an exit for the air contained in the mold, yet must be resistent
to metal penetration. They must be strong up to temperatures as high as 1400OF
and inert to both salt and metal, These requirements are fulfilled to a greater or
lesser degree by silicate-bonded and plaster-bonded silica molds. Other types of
molding media may be modified to satisfy these requirements.

The process requires special type flasks to encase the molds. These flasks
must be able to withstand the high mold temperatures and permit water cooling of
the flask in order to induce the thermal gradients necessary for solidification
control.

Molding problems encountered in cellular aluminum casting production
fall within two categories: those problems associated with casting of billets and
those dealing with shaped castings. Since the latter process is simply an adaptation
of the principles involved in casting of billets, the discussion will be limited to the
methods for casting billet shapes.

A simple set of flasks for casting cylindrical billets can be prepared from
two sections of stainless steel tube. Figure 2 is a schematic illustration of the
method for molding, casting and solidification of cellular material. The two tubes
have been lined with approximately 1/4 in. thickness of plaster. The shorter tube
serves as a hot top or riser. The longer tube which is provided with a plaster bot-
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tom serves as the mold cavity for the billet casting.

The plaster linings are calcined at 500OF for 2-4 hrs. beloic tilling wjilh
the Soluble aggrugate. After cooling to room temiperature the mold is idled a-nd

ma&.dmum compaction of the particles is achieved by vibration. The filled mold is
returned to the furnace and heaied for 12-18 hrf. at 1350-1400 0 F. The temper-
ature is then lowered to 1250OF before casting. The elevated temperature treat-
ment serves to bond the particles of aggregate.

Casting

The mold and riser are remoied from the furnace and positioncd bet\veen
platens as shown in Figure 2. The asbestos gaskets prevent leakage of metal
between the mold and riser and prevent the ooolant from coming in contact with
the ,laster su rface at the bottom of :he mold during the period of solidification.
The riser sleeve is filled with molten metal and the platens are- closed. With
fine mesh aggregate the metal will not infiltrate until pressure is applied. The air
pressure is then slowly raised (5 to 50 psi). After one minute, water is admitted
into the coolant jacket. This develops the thermal gradient necessary for progres-
sive solidifiation. Pressure is maintained until solidification is complete. The
A'ater is then drained, the platens separated and the mold removed and allowed
'-o cool before further processing.

Machining

Like other types of open cell materials, zast cellular alloys proscnt some
diffic'±lies in machining. The usual solution to these problems is to provide some
temporary support for thr. cell walls to prevent smearing over of the structure.
These materials, however, have a "buil-in" support in the form of the soluble
salt olhase. Accordingly, if machining is perfc-rmed prior to leaching, close
macaning tolerances and excellent surface finishes may be obtained. It was found
that slow speeds tend to lprolong cutting tool life. Heavy cuts and coarse feeds also
favor the machinability of the alloy. High machining speeds and fine cuts tend to
cause the cutting edge of the tool to become heated and fail through abrasi•i lby
salt phas* in the structure.

- - - -*- .~ _ ---- ~ ----- - ':. ~ '- --- -
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Leaching

The brines generated during the leaching process tend to be corrosive to
the metal. The rate at which the salt can be leached, therefore, becomes a matter
of importance if corrosion during this phase of the process is to be minimized. In
addition, more efficient leaching permits use of finer cell material. Accordingly,
a limited study of leaching rates was made. Figure 3 shows the effect of thermal
treatment of the salt briquette on the leaching rate. Leaching rate increases with
time at temperature because the inereellular channels become larger as the part-
icles in the aggregate tend to fuse together.

in order to accelerate significantly salt removal, it is necessary to employ
some kind of forced leaching practice. It was found that agitation of the leaching
bath has little effect on the leaching rate. This is because the cellular structure
inhibits effective agitation of the leaching liquor in contact with the salt in the in-
terior of the material. Further consideration of the leaching process indicated the
principal mechanism for removal of the salt is gravity convection. The denser
salt-laden liquor in contact with the salt crystals flows down thrcugh the structure
to the bottom cf the container and less dense liquor moves in to take its place.
One possible means for speeding this process is to promote the gravity separation
by centrifuging the bath. Figure 4 shows the effect of centrifuging the leaching
bath and specimen on the leaching rate. In this test, the bath volume was small
and the specimen was placed at the center of rotation. %.tbsequent tests with a
larger bath and the specimen placement midway between the axis of rotation and
the walls of the container showed far greater rates of salt removal,

In addition to promoting the gravity separation of the salt-laden liquor,
the centcifuge mushod tends to free the leaching material from gas bubbles which
become lodged in tht- cells. If these are not removed the leaching process will
eventually stop because of the air blocks accumulating in the channels.

Another method which was found to be effective for leaching was to vibrate
the Oath at sonic frequencies. The material to be leached is supported close to the
1 ith surface to promote gravity convection. The vibration tends to dislodge any
gas bubbles which may accumulate ia the structure.

Heat Treatment -

11t was anticipated that the interconnecting structure of the cellular mater-
ial would promote its response to heat treatment. However, this did not prove to
be the case. Steam generated within the structure prevents the quenching water
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from entering the structure until it had cooled. As a result, it was found that heat
t.re.at.ab.le -alloys did not show 'lie expected response to thermal treatment. An at-
tempt was made to force quench the structure by clamping the material between
two platens and forcing water into both ends of the material. This was found to
improve response to heat treatment but the problem of steam formation within fine
structures was not completely resolved. The most satisfactory method found was
to perform the heat treatment prior to leaching. Even though the thermal conduct-
ivity of the salt phase is low, it is still much greater than that of the steam formed
in the structure when open cell quenching methods are employed.

Another potential advantage of deferring the leaching operation until after
solution heat treatment is that the presence of the salt phase prevents internal
oxide formation. Since solution treatment is usually performed in air furnaces at
temperatures up to 1000OF for long periods of time, substantial oxide thicknesses
are formed over exposed surfaces.

Density Control

The process for manufacture of cellular metals does not readily permit
control of apparent density beyond certain fairly narrow limits. A limited ex-
ploratory study of means for broadening the range of material density was made.
The following methods were examined:

a. Sintering.

Prolonged heating of the salt briquette was found to be moderately
effective in reducing the void volume of the briquette. This reduces the
weight of metal that can be infiltrated, hence the lowered density of the
cellular sample. After 46 hrs. at 14000, the apparent density of a cellular
aluminum alloy was reduced from approximately 0.88 g/cc to 0.82 g/cc.
Although the melting point of sodium chloride is 1474 0 F difficulties were
experienced in control of the sintering operation at temperatures above
14000F.

b. Duplex Structure.

Duplex structures were obtained by first sintering coarse salt ag-
gregate (6, 8 and 10 mesh) at 1400OF for 2 hrs., cooling to room temper-
ature and Infiltrating the briquette with a fine aggregate (60 mesh).. Tj'
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apparent density of these structures were approximately half of the values
obtained with the standard distribution aggregate. The lowest density was
obtained with the 6 mesh/60 mesh combination (0.355 g/cc).

C. Cell Size Distribution.

The effect on apparent density produced 'y varying the relative pro
portions of a two sieve fraction aggregate was determined. This differed
":;-om the duplex structures in that the fine and coarse fractions were thor-
oughly mixed before filling the mold cavity. The optimum ratio of cell
diameters was first determined by mixing coarse and fine sieve fractions
over a range of proportions and the maximum density aggregate determined.
Figure 5 shows these data and indicates that a 40-60 ratio of fine to coarse
is optimum. The optimum ratio of particle diameters was determined by
mixing various fine sieve fractions with coarse aggregate. It was found
that a density plateau was reached when the ratio of particle diameters
exceeds 3 (Figure 6).

Cellular Metals Other Than Aluminum

The methods described can be used with appropriate modifications to pro-
duce ce'lular metals other than aluminum. For metals and alloys having melting
points below that of the sodium chloride, the procedures followed are substantially
identical to that described for aluminum except that mold temperatures and cast-
ing temperatures are appropriately adjusted. The following table presents the
mold and casting temperatures used to produce cellular structures in some
metals other than aluminum.

Melting Point Temperature (OF)
Metal (OF), Mold Casting

Pb 621 665 750
Sn 459 500 600
Zn 787 840 920

Certain metals, however, while falling within the melting range given above,
must be treated differently because of inherent difference in their characteristics.

A case in point is that of magnesium and its alloyi. Because of their reactive na-
ture it was found that these metals must be cast in molds which have been properly
inhibited. One satisfactory mold medium tested was plaster-bonded silica similar
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to that used for i.n.est.. stg except thaC 1 per cent boric acid was added

to the mix as an inhibitor. Just before the metal was poured, a small amount of

suiphur was dusted over the salt compact. This produced and SO 2 atmosphere in

the mold and completely inhibited burning when the metal wa&s poured through it.

Pressure to produce infiltration was applied, using argon gas at 10 to 20 psi.

The largest casting produced by this technique was a 3 in. diameter billet. For

this small casting it was possible to generate thermal gradients in the solidifying

casting by cooling the lower extremity of the mold by the application of damp

rags to the flask surface. For larger castings it would be necessary to have a

water-jacketed flask, since an open water trough for cooling would be too much

of a hazard.

Leaching of the magnesium-salt composite proved to be considerably more

difficult than leaching aluminum. This was apparently due to the reaction of mag-

nesium to water, which was accelerated by the presence of chloride ion.

It was possible to leach thin slices of this material without excessively

attacking the magnesium. This was done under a heavy flow of water which de-

creased the chloride ion concentration. It was apparent, however, that it would

be necessary to find satisfactory corrosion inhibitors or, perhaps, means for

providing cathodic protection to the metal if heavy sections were to be satisfactor-

ily leached.

Several cellular ferrous castings were also produced. One of these was

an austenitic stainless steel of tbe 18-8 type. This was cast in a silicate-bonded

mold with calcined limestone (CaO) chips as the soluble aggregate. Since no at-

tempt was made in this limited experiment to bond the chips, it was necessary to

fit a ceramic strainer core over the filled cavity in order to keep the aggregate

in place during the casting operation. The mold was heated to 1800OF and main-

tained at temperature for a sufficient period for the limestone to become comple-
tely calcined. The molten alloy was then infiltrated by the gravity technique.

Leaching was accomplished with a dilute nitri.- acid solution. This part of

the process was rather slow, but the test did demonstrate the feasibility of pro-

ducing cellular metal of a ferrous composition.

I
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Efficiency of Infiltration

It is interesting to determine what efficiency is actually attained in the in-
filtr-ation operation. In this respect, efficiency is regarded as the ratio of the
weight of nmetal actually infiltrated to the theoretical weight possible to infiltrate.
When this ratio is less than unity, either the interstices between the salt grains
are not completely filled during the process of casting or, after casting, voids
develop in the metallic phase due to such factors as gas precipitation or unfed
volumetric shrinkage. The measure of efficiency of infiltration, therefore, is one
measure of the quality of the material.

The-efficiency of infiltration can be ev-sily ascertained in a sample of simple
geometry, such as a cylinder. By measuring its diameter and height, the total
volume, Vc, can be determined. The weight of the composite, Wc, can also be
determined. After leaching, the weight can be redetermined, giving Wa the weight
of the aluminum. The difference between these two weighings is the actual weight
of salt in the sample ccmposite. From the knowu density of the aluminum, Da,
and the known density of the salt, Ds, it is possible to calculate the theoretical
weight of aluminum needed to fill completely the interstitial spaces between the
salt particles.

This computation is only correct if each salt crystal, which completely
fills its cavity at the casting temperatire, still completely fills its metal cavity
at room temperature. However, this is not valid since a significant difference
does exist in the coefficientb of thermal expansion of the aluminum and the salt.

In cooling the aluminum alloy from its solidification point to room temperature,
the volumetric contra•ction is approximately half that of the salt crystals. This
meams that after the composite has cooled to room temperature the salt crystals
are smaller than the cavities in which they lie. It is therefore necessary to cor-
rect for the void volume resulting from the greater contractioni of the salt. The
exact vojume of voids created by this contraction is difficult to determine due to
the fact that the data relating to the contraction co-.-ficient over the entire tem-

perature range are noi readily available. It does appear; however, that this
factor would be approximately 5 per cent. In order to bring the calculated
absolute values of efficiency of infiltration into closer relationship with reality,

it was decided to multiply the expression (WC - Wa ), which represents the actual
weight of the salt component, by a constant, K. The value of this constant for
the aluminum alloy- NaC1 composite is 1. 05. The theoretical weight of aluminum,

Wa, can be expressed as:
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The per cent efficiency of infiltration, El, is:

WaEI =.•. x 100

This equatic-i was used to calculate the EI of the specimens used for the
compression tests.

As work on this project progressed, as might be expected, a gradual im-
provement in processing techniques occurred with consequent improvement in the
quality of the cellular metal produced.

It is important to demonstrate the current level of development with respect
to quality.

The most significant parameter which car, be related to quality is efficiency
of infiltration. As a demonstration of the current quality level, four cellular cast-
ings (1-5/8 in. in diameter by 6 in. long) were prepared. The cell sizes correspond
to mesh sizes #6, /10, 120, and,,40. ID order to emphoiMze the severity of this
test, these castings were made with high purity alu~ninum rather than the 356 alloy
which had been used for raost of the prior work. The pure rcea! substantially in-
creased the problem of overcoming solidification sheinka•e. Three 1-in. high
cylinders were removed from designated bcations along ths length of each cast-
ing. These cylinders were machined to 1-1/2 in. diameter, carefully measu'red
and leached, and the efficiency of infiltration and apparent density were calculated.
The results of these tests are shown in Figure 7.

All nine samples representing the A"3, #10, and #20 cell sizes showed a
constant El of more than 98 per cent along the full length of casting tested. The
slightly lower EI values obtained for the/#40 cell size material are probably due
to the larger number of interstices between adjacent grains that have to be filled.
Incomplete filling is probably responsible for deviations fLom the desired 100 per
sent EL. The apparent density values are relaý'ively constant over the length of
each spccimca. The variation in apparent density among specimens is due tc dif-
ferences existing in the particle site distributions of the sieve fractuons usel.
Eveit though a single sieve fraction was taken for each cell size, certain variations
Di re!ative p:article size distribution would be expected.

- - _ ~- -- - -~ -- ~-- -=
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Mechanical Properties

The mechanical properties of cellular aluminum have yet to be completely
defined. Because of its simplicity and the relationship that it bears to the struc.--

tural loading anticipated for the material, compressive strength was selected as

the principal parameter for study. Specimens for test were machined to cylinders,

1. 500 in. in diameter and 1. 000 in. high. They represented cell dimensions cor-

responding to granule sizes of 4 to 60 mesh with both angular and spherical shapes.

Tle 356 alloy (7% Si-u. 3% Mg) was selected as a representative aluminum alloy
and the specimens were tested ii both the as-cast and heat treated conditions. The

compressive index figure was tLe one commonly used for materials of this type,
which is the stress level recorded at 10 per cent compression. In addition, the

stress level at 0.2 per cent offset was also recorded. One series of specimens

was tested as metal-salt composites, and a few metal-plastic and metal-ceramic

specimens were also included. A few tensile test specimens were also prepared

and tested.

The compressive strength and other data are graphically presented in Fig.

8. Cellular metal of this alloy in the as-cast condition will support a load of ap-

proximately 3000 psi at 10 per cent deformation. The spread of values obtained

for variations in cell size is smkll and it is evident that cell size does not in-

fluence the compressive strength of the material. This is apparently due to the

fact that variations in cell size are simply a scaling phenomenon in exactly the

same way that variations in cross sectional areas are a scaling phenomenon. This

can be seen in Figure 9, which shows a series of cell structures having cell di-

mensions corresponding to a range of salt particles from #8 to /4'.".

Table III shows the tensile strength of cast-to-size tensile bars tested in

the as-cast and T-6 condition. These bars were cast, using an investment mold

produced by the lost wax technique. The strengths obtained are quite low. Heat

treatment of the cellular specimens to the T-6 condition increased Lhe strength in
approximately the same proportion as would be expected with solid metal.

TABLE IIJ. TENSILE PRCPERTIES OF CELLULAR 356 ALLOY

Ultimate

Cel! Strength Elongation

Form Size Condition (Dsi) L%1•n1 in.

Angular 20 As-cast 1750 1.

Anglahar 20 T-6 3200 1.0
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Metallographic samples were prepared from cellular 356 alloy Gf an intei-
mediate cell size (#10). One of the samples represented the as-cast condition and
the other the solution treated and aged condition (T-6). These structures are shown
in Figure 10. The silicon constituent is presert as a coarse phase in both conditions.
Prior to heat treatment, the lamellar silicon structure is typical of alloys of this
type. After heat treatment (which consisted of solution treating at 1000OF for 16
hrs., quenching, and aging at 310OF for 4 hrs.) the silicon particles became
rounded. A few finely dispersed voids evident in the structures are probably due
to unfed solidification shrinkage.

Thermal Properties

Cellular aluminum is interesting from a heat trarnsfer viewpoint because:

(1) The cells are completely interconnecting.

(2) The ratio of surface area to volume is large.

(3) The thermal conductivity of aluminum is high.

(4) The cell size can be accurately controlled.

In order to evaluate this material for possible heat exchange applications,
a simple heat exchanger was constructed (Figure 11).

The te3t apparatus consisted of a heated lioIaid b,.h contained in an in-
sulated steel tank (0.25 ft 3 capacity) with a copper tube (1.25 in. ID) running
through the center of the tank. A flowmeter, mercury thermometr, and pressure
gage were installed on one side of the heat exchanger. These inz.truments record-
ed the conditions under which compressed air was passed into the exchalger. The
exit temperature (T2 ) was measured by means of a thermocouple placed on the
exit side. The presure on the exit side was assumed to be zero. Liquid bath tem-
perature (TB) was measured by means of a thermometer immersed in the bath.
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Heat transfer rate from tie bath to the air was calculated from the measured flow
rate and the ch.ange in inlet and outlet temperatures of the compressed air (:IT).

Cellular inserts were machined to such dimensions that they could be
firmly pressed into the tube. Heat transfer measurements were made with the
blank tube and with a variety of :,iserts in position within the tube. Bath temper-
atures were cont.'olled by ,.iuAjdta.idng either water or concentrated brine at the
boiling point. sonie e::perinients x, ere run with heated quenching oil and with molten
heat treating salt.

The location of the thermocouple tip at the exit side of the heat exchanger
was determined empirically by maintaining the bath at 212°F and making eait
temperature measurements under various conditions of flow rate aud tip place-
ment. A cellular inmert having 1/'6 (3. 3 mm) cell size was used. Temperatures
measured at both axial and peripheral locations in the immediate proximity of the
dxitanid of the tube were practically identical. In the later experiments the tip was
located axially with respect to the insert and 1/4 in. from its exit surface. Fig.
12 shows the gas temperatures measured at varyi.g flow rates at the exit end of
a blank tube and one which was fitted with a cellular insert. The pressures re-
quired to achieve the flow rates through the cellular insert are also plotted.

The data show a marked increase in the exit gas temperature due to the
presence of the insert. Without the insert the air temperature decreases at a
more rapid rate with increasing flow rates. At flow rates exceeding 25 cfm through
the bla'2k tube, the exit temperatures tend to approach an asymptote with the
abscissa. The temperature relationship to gas flow follows a similar pattern
for the tube containing the insert. However, for practical reasons, thc tests
were terminated at a pressure of 35 psi and a flow rate of 40 cfm.

Effect of Cellular Insert on Rate of Her' 'ransfer

Figure 13 shows the rate of heat transfer to air occurring in a blank tube
and in one with a 10-mesh cellular insert (1.65 mm cell size) at two bath temper-
atures. The lower bath temperature was maintained by boiling water and the
higher temperature (4950F) by maintaining a low temperature heat treating salt
at the test temperature.

The data obtained show a marked increase in the rate of heat transfer
occurring in the tubes containing inserts. For the experiment conducted at 2120F,
the percentage increase in rate appears to be leveling off at approximately 350
per cent. At 495 0 F, the per cent increase of heat transfer is somewhat below that
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of the data observed at 2120F. One possible explanation may be that the difference
is due to a poorer fit in the case of the insert used with the higher bathtemper-
ature. These tests, however, do demonstrate the advantage of employing cellular
metal to enhance the heat transfer rate between a gas and a heated tube.

An investigation of heat transfer rates with inserts having cell sizes cor-
rresponding to salt crystals of from 4 to 20 mesh showed that the rates were in-
dependent of the cell size over this range. The smaller cell sizes, however, de-
veloped high back pressures. Subsequent x.&rk on modification of the cellular
structures through extrusion showed that resistance to gas flow can be markedly
reduced through changes in cell geomeLry. This effect will be discussed in the
section dealing with extrusion of cellular materials.

Thermal Conductivity

In addition to these thermal studies, several cellular "luminum samples
were p-epared for thermal conductivity measurements. Sorne of these tests were
conducted by N. L. Hyman at the University of Maryland( 2 ). (The reference con-
taias a description of the samples and the apparatus employed for these tests).
Samples composed of a single cell size distributioa (65 per cent voids) were found
to have a thermal conductivity of approximately 15 per cent of the solid metal.

Samples were also submitted to E.E.Drucker at Syracuse University and
the data obtained from these samples were plotted (Figure 14). These results are
in substantial agreement with the tests conducted by Mr. Hyman. The thermal con
ductivity of pure aluminum is about 120 Btu/(hr)(sq ft)(OF/ft) at the average tem-
perature used for tCe tests. The test results indicate a conductivity of apprrxi-
mately 13 per cent of the solid metal. The finer structures tend to show slightly
better thermal conductivity.

Energy Dissipation

The compressibility oi cellular alu'irinum can be used for controlled dis-
sipation of energy. The possibility of such applications led to a study of the
characteristics of these materials when suojected to compressive forces. Figure
15 is a compression test record of three aluminum-magnesium alloys. These
data correlate with the inherent strength of the material. With materials of this
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type coi-npressive loading can be continuel through substantially complete collapse
of the voids in the structure. Accompanying each increment of material yielding
is an accommodation to the load. As tre cells continue to collapse the area that a
given specimen presents to the load itr.oreases through barreling and the applied
load rises precipitously. Figure 15-A shows the appearance of compression test

specimens after various stages of compression. This pattern of coxnpreýssive be-
havior can be altered as a function of -he mechanical properties of the alloy in
The structu re. Table IV gives the calc lated energy dissipation per pound of ma-
terial during the deformation of varicas alloys.

TABLE IV. ENERGY DISSIPA'itGN OF CELLULAR ALUMINUM ALLOYS

Cell Size: (Table Salt Distribution)*

Alloy Deformation Total Energy Dissipation

Designation (%) (L-Ib/lb)

7075-T6 40 7,600
7075-T6 70 15,000
220-T4 40 5,600
220-T4 65 18,000

195-T62 40 5,800
195-T62 68 20,000

*See Table II.



EXTRUDED CELLULAR METAL

The working of a cellular metal skeleton will result in compaction of the

material and reduction in the void volume. In order to prevent closing of the voids
during working, it is necessary to perform the working operation with the soluble

component "in situ". The following workir.; processes were examined as possible
means for reduction of composite metal-salt billets: (a) rolling; (b) swaging; and
(c) extrusion. Test billets prepared for the iirst two methods were sheathed with
solid aluminum envelopes in an attempt to avoid break-up of tVe composite during
reduction. The material resulting from both of these processing procedures was
unsatisfactory. This was attributed to the lack of sufficient constraint during
working, which permitted break-up to occur.

The extrusion process appeared to offer the degree of constraint for the
material that was thought to be necessary. Since a hot extrusion facility, neces-
sary for aluminum, was not available at Frankford Arsenal, it was decided to
employ a model of the system to test its feasibility. Lead-salt composite billels
were prepared and extruded through a 0.50-in. diameter die. A Watson-Stilman
press, used to extrude antimonial lead bullet core stock, was used for this pur-
pose.

Extrusion Procedure

Three billets were prepared for these tests. Figure 16 shows leached
sections of two of these billets. The metal is 9 per cent antimonial lead, the
billets are 4.5 in. in diameter by 5 in. long, and the average cell diameters are
0.039 in. and 0. 033 in. The third billet was prepared in a manner identical to
that represented by the coarser cell material except that pure lead was used.

The extrusion press had its cylinder oriented vertically and the extrusion
direction was downward. A conical die was inserted in front of the extrusion die
to promote proportional reduction of the billet cross section. This apparently was
effective since the thin solid skin which surrounded the billet section was trans-
ferred to the extruded rod. Figure 17 shows a partially extruded billet which was
removed from the press. The salt was leached to more clearly show the flow pat-

utern.

Extrusion was begun with material and dies at room temperature. At a
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pressure of 800 tons (40 tons/in12 ), which happened to be the limlt of the press
capacity, the composite material began to move slowly through tWe die, ks ,x-
trusion proceeded, the rate increased due to heat generated in the billet and die

dtrinw, exL.us'on. When the pure lead-salt composite was extrudcd, the material
began to ,:.Cve aL a p7essure of 5(J0 tons (25 :ns/in2 ). The extrusion, however,
was uLIsatisfactory. it appeaeed tlat the salt composite fractured during the
process.

Examination of the Extrusions

Visual examination of the extrusions revealed that the composites which
contained the 9 per cent antirrionial lead did not suffer from any signs of break-
up during processing. The edge revealed a large number of cells aurough the
section and was further evidence that the composite deformed as a unit. The pure
lead sample, however, behaved differently in the press. It appeared that the salt
crystals fractured during extrusio., and were carried through embedded as frag-
ments in the lead matrix. In addition, many surface imperfections appeared on the
extruded rod.

In order to make a visual examination of the conditiGn of the salt compo-
nent after extrusion, the metal component was melted away with a torch, exposing
the salt. This confirmed the observations made on the extrusion itself. The salt
contained in the antimonial lead composites showed evidence of having been
plastically deformed during extrusion and was recovered as bundles of fine fila-
ments. Figure 18 shows a typical example of the condition of the salt after ex-
trusion. The salt contained in the pure lead composite was present in the form
of fragments which were not much smaller than that contained in the extrusion
billet.

If it is assumed that the xtruded billets are proportionately reduced dur-
ing extrusion, the cell dimensions of the extruded material can be pre' 3ted on
the basis of the cell dimensions of the extrusion billet. The cross sectional area
of the cell in the extruded material is reduced by a factor which is the square of
the reduction ratio. In the case of a 9:1 diameter reduction, the sectional area of
the cell in the extruded material is 81 times smaller than that of the billet. In
order to account for 'he full volume of material contained in the original cell, the
extruded cell must be 81 times longer than that of the cell in the billet. Its length
in relation to the diameter of the cells in the extraded rod is r 3de, where r is the
reduction ratio and de is the cell diameter in the extrusion. Measurements made
on the filaments recovered from the extruded material confirmed the hypothesis
that the billet reduction was proportional throughout its entire section. The di-
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mensions of these filaments very closely agreed with those computed fi'onm the
original cell size. Figure 19 shows radiogra)hs of 1/8 in. thick sections taken
from the extruded rod. It can be clearly seen that the str,.cture which is character
istic of the billet (9per cent Sb) has been carried through to the extruded -od. The
pure lead sample, however, confirms that deformation of the salt did not occur
and that it is present as fragments of the original aggregate.

In order to confirm that the extrus:.n experiments conducted with the lead
alloy-salt composites were vaiid for a metal like aluminum, a cellular aluminum
extrusion was prepared. The original cell size of the composite billet was equival
ent to /4 mesh and a 3 in. billet was extruded through a 1 in. die. Figure 20
shows a longitudinal, diagonal and transverse section of the leached extrusion.
The solid wall is the result of preparing the extrusion billet with a solid skin.
Under these conditions the average cell length is equivalent to 30 cell diameters.
The flow of air through this structure was compared with the earlier data obtained
in the course of the heat transfer experiments with equi-axed cellular structure.
The rates of heat transfer for the extruded cellular structure were approximately
equal to that obtained with the as-cast material. The pressure required to force
air through the structure aL a given rate, however, was smaller by a factor of
approximately 30. This was attributed to the fewer number of intercellular chan-
nels per unit of tube length. This is a result of the elongated cell geometry in the
cellular material.

I



POTENTIAL APPLICATIONS

A recent report issued by the Ollice of Tec inical Services of the Depart-
ment of Commerce( 3 ) reviews the broad concepts which have motivated the de-
velopment of processes for preparation of porous or cellular metal. This report
also discusses potential application for these newly developed materials. Sub-
stantial differences in the characteristics of the materials produced by different
processes, however, would justify the compilation of a list of such applications
for a specific type of material. The successful development of any specific ap-
plication depends on selection of a material of appropriate form and composition
for the appiication. The following are suggested as product areas that should be
considered for these materials.

As-Cast Cellular Materials

Metallic Filters

The large void volume promises the possibility of filter elements which
would have substantially greater particle retention characteristics than powder
metal filters. It would be necessary to refine techniques used for cellular metal
production in order to exercise greater control of the dimensions of the inter-
cellular channels. This would probably require the use of accurately controlled
spherical soluble granules.

Exhaust Muffler Elements

Powder metallurgy components have recently come into use as difusers
for the exhaust of pneumatic tools. Applications of this type can no doubt be filled
b -y cllular metals with equal or better facility. This suggests the possibility of
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use as exhaust elements for internal combustion engines. "2.orrpol,.nts I'Ide Of
cellular material may be much Triore efficient ,harn convent ional baffi, elements
and may possibly be designed to reduce the amour, I of exhaust particles -eleas.•od
to the atmosphere.

Bearing Materials

• ~ . SO• .pcoiding structural

The cell.liar skeleton may be used as a mears 4' pr
support for lead and tin base bearing compos-itioius. The characteristics of the
material permit much larger percentages of the active bearing component to be
incorporatod in the material thaa is, possible wriih either powder metallurgy or
conventional alloying.

Sandwich Core Material

The nature of cellular metal is such that it is not competitive with honey-
comb structures because of its substantially greater density than that typical of
honeycomb construction. It may, however, find application in structures where
contoured sections must be supported by a lightweight core. This may be in such
areas as leading edges of wings or fin surfaces, This can be accomplished by
using cellular cores and casting the desired skin against it. The metal would be
firmly keyed to the cells at the surface of the core and would benefit from the
chilling that the cellular core wculd provide. Such a structure would very likely
require neither brazing nor organic adhesive for assembly. More important than
this, however, is that it may be possible to provide transpiration cooling for such
structures by circulation of suitable coolants through the interconnectig cells
that make up the core.

Jigs and Fixtures

Cellular metal, particularly in fine mesh sizes, is capable of being easily
deformed to take reasonably accurate impressions of a solid metal body of greater
strer.gth. This property suggests a possible use in the construction of machining
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jigs and fixtu es. A stock part may be used to hob its impression in a block of
specially prepared cellular material.. This impression can then be mounted in the
particular niachine or fixture intended for the operation, and subsequent parts
can be accurately positioned by means of the hobbed cavity. The porous nature of
the material may also be of benefit in permitting coolant liquid or gasses to be
directed against the component while it is being machined or otherwise proces-
sed. The low density of the material may be a further significant advantage,
particularly if the fixture requires manual handling.

Energy Absorption Material

One of the unique properties of cellular metal in comparison with other
metallic materials is the nature of its response to compressive loads. Cellular
metal can absorb energy by the mechanism of relatively easy and controlled
collapse of the cell walls. This suggests that in a combination of two materials,
one strong and the other weak, the weaker material may afford protection for the
stronger material by its sacrificial collapse and attendant absorption of energy.
This characteristic sugges'.s applications where it is desired to absorb energy re
leased by accidental impac:. A cellular metal element of the proper energy-ab-
sorbing capacity may be useful in preventing serious damage to a vehicle and its
occupants when it is involved in an accidental collision.

Eiectrochemicai Processes

The combination Jf permeability and large surface area may be employed
to advantage in electrochemical processes. This would be principally in connection
with electrodes which can be prepared to provide increased surface area. These
applications include plating processes, battery electrodes, and anodes for galvanic
corrosion protectian of such structures as water tanks, pipe lines, and ship hulls.

Composite Materials

The process for cellular metal manufacture may be adapted to the produc-
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tion of composite materials. This can be accomplished either by means of second-
ary infiltration of a lower melting material into the cellular skeleton or by using
the secondary substance as the aggregate for filling the mold. The former method
is illustrated by the proposed application for bearing materials. The latter method
may be used for the production of composites for radiological shielding. Some of
the systems thus far suggested include lead-boron carbide and aluminum-boron
carbide. By this means, relatively large volumes of boron carbide can be retained
in an aluminum matrix, which will rot only support the active shielding material
but will be of structural benefit to the sysicin.

Extruded Cellular Materials

Filters

By control of the cell size of the billet and the extrusior ratio, it shoud be
possible to economically produce extruded cellular stock of alumi.inum base alloys
having highly directionally-oriented cells of accurately controlled crosz section.
This stock could be sliced and leached to form disc filters. Filters of this type
should be much superior to currently available types because the directionality
of the pores or cells would correspond exactly with the direction of flow. This
would minimize pressure drop through the filter and would permit the manufacture
of filter discs having any desired characteristic for the exclusion of undesirable
particles. For example, a billet prepared with 100-mesh soluble aggregate, re-
du-ed ten diameters by extrusion, would have cells which are 0. 015 mm (0. 0006
in.) in diameter and 15 mm (0.6 in.) long. A disc 0.2 in. thick cut from this ex-
trusion would have two-thirds of its cells rL.n completely through the section.

Heat Exchanger Tubes

Tube bundles of the type used for heat exchange applications could be con-
veniently fabricated by this technique providing tLe tube lengths required are not
excessive. An extrusion billet prepared with a solid skin representing 5 per cent
of its diameter and containing 2 in. diameter aggregate could be reduced tenI. diameters by extrusion. This would result in extruded rod which would, in effect,
be a bundle of tubes, each 0.2 in. in diameter, and would run for 2, 000 in. in
length. The tube bundle would be sheathed in a solid skin representing 5 per ccnt
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of its diameter. It should be feasible to leach rods several feet in length to form
the tube bundles. An 8-ft. rod produced under these conditions would have 95 per
cent of its cells run the complete length of the rod.

Ultrafine Wire Manufacture

The same extrusion process used to produce the long cellular structure
should be amenable to the manufacture of ultrafine wire. This could be done by
using the metal phase as aggregate and preparing a salt-metal composite extrusion
billet. This application may be visualized as a bundle of copper wires completely
embedded longitudinally in a salt matrix. If the wires are 0.010 in. in diameter
and the extrusion ratio is 20, the wire diameter would be reduced to 0.0005 in.
and each wire would be drawn out to 400 times its original hU4gth. The wires could
be recovered from the extruded rod by leaching and spooling the wire as the sur-
face strands are freed by the leaching liquor. ThWs technique could be applied not
only to round wire, but also wire that is square, oval, or any other desired shape.
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FIGURE 1 SALT BRIQUETTE
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Fig. 3 Effect of Thermal Treatnn nt on Leaching Rate (Static). Bath
Size: 1 Gallon. Specimen Size: 2" Dia. x 2" Lg. Water
Change: 1 Hr Intervals

I £

U,

l-100s00 3 OS

Fig. 4 Effect of Centrifuge on Leaching Rate. Bath Size: 1 Gallon.
Specimen Size: 2" Dia. x 21" 1g. Water Change: 1 Hr. Intervals

Fig. 5 Effect of Percentage Fines on the Apparent Density of a Two

Sieve Distribution Salt Aggregate
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Fig. 6 Effect of Particle Diameter Distribution on the Apparent Density
of a Two Sieve Distribution Salt Aggregate - 40% Fines (Mixture)
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Fig. 7 Apparent Density and Efficiency of Infiltration of High Purity
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Fig. 9 Cellular 356 Aluminum Alloy Discs Showing Range of Cell Sizes
Mag 2X



100

LO

I 0

49 -

* -

For-V

i A T-4

AA,. o

-44

or G

EPh%%X,*3
AL-" ;*



X - ~4

cr-

w
us

CY)



220 1

SY M OL EXPLANATION

D----0 NO INSERT, TEMPERATURE
200 .... .. -- 0-- E6MESH iNSERT, TEMPERATUiE -

.----.. GM&SIi INSERT, PRESSURE

212 -F ATHI TEMPERATURE (T 4)
70-F AIR T[MPERA1IjL iT,)

180 ..... .... . - 50

6 MESH

INSERT

UjCrr

INSERT (

W ii

w cr

0. I.

IoI! . . o .

140 320

120 Eu r 20

100 Rate

80 0 _ ~J
0 10 20 30 40 50 60

FLOW RATE (CFM.) (7(' ATM.)

Fig. 12 Exit Air Temperature (T2) and Bach Pressure as Functions of Air
Flow Rate
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Fig, 15 Compression Test Record of Cellular Aluminum-Magnesium Alloys
Cell -Structure: Std. Dist.

,rn

Fig. 15A Compression Specimens
Single Structure Duplex Struu.ture
A. 0% Compression D. 0% Compression
B. 50% Compression E. 70% Compression
C. 62% Compression

Alloy: 214 Mag: lx Test Rate: 0.3 in. /min.



Fig. 16 Gections of CellIular Antimoniri Lead Material
Left: Cell Diameter 0. 033 inches
Right- Cell Diameter 0. 093 lnchen

Fig. 17 Partialy Extruded Cellular Alumin'jrn Billet
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Fig. 18 Salt Filaments Recovered From Extruded Antimonial Lead
(9% Sb) - NaCi Composit Red. Mag. Approx, 3x

Fig. 19 Positives of Radiographis of Transverse Sections of Lead-Salt

Composites, 6x
Left: Antimonlal Lead
Right- Pure Lead



Fig. 20 Longitudinal, Diagonal and Transverse Sections of Leached Al-Salt

Extrusion. Extrusion Ratio- I Ox (Area). Mag- 1x



CRITERIG DE SOIDABILIDAD DE ACERO

por
Julio Fava. Elfas Ayarza y Alvaro Covarrubias

1. Introduccifn

Ala plantear el problema de analizar la soldabilidad de un acero, se tropie
za con la dificultad de poder mc fir una propiedad tan compleja corno 6~sta. Si se
revisa la literatura existente s.Thre los ensayos de soldabilidad se encuentra una.
proliferacifn inmensa de m~todos y tests, sin mucho orden, que pocD dirdn. al. t~c
nico interesado en el proolema. El hecho de que existan tantos tipos de ensayos.
esta indicando que no hay ;dinguno que sea tan definitivamente indicativo, como, paL
ra prevalecer sobre los demgs.

IMedir ia capacidad de un acero para ser sometido al. proceso de soldadura
no es una tarea fdcil, por la. complejidad del problema, el. nilmero de variables
que intervienen en 61. Por esta raz6n serl imposible encontrar Hun?" ensayo que
sea capaz de indicar 61 s6lo si un. acero es sokiable y en. qu6 condiciones. La de-
terminaci6n de la soldabilidad, deberl ser siempre objeto de varios ensayos corn
plementarios entre sf, los que, midiendo distintas variables, den elementos de
juicio a! cientffico y al. tesenico para analizar el problema, con una. visi6n. de con-
junto,

El problema de la soldabilidad radica especiaimente en la capacidad del
acero para soportar el. ciclo t6rmico de la soldadura, sin una. p~rdida apreciable
de sus cualidades mec~.nicas. Es 6ste el. problema, a! que ( I metaldrgico debe
prestar la mayor atenci6n.

El conocimiento mds exacto posible de lo que ocurre en un acero sometido
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al prooeso de soldadura, tomando en cuenta todas las variables que intervienen
tun 61, serA necesario no s6Lo para el cientffico que trate de establecer ensayos
de soldabilidad, sino para el tdcnico que use dichos erasayos.

Para determinar Los ensayos de soldabilidad mas eficaces, es convenien-
te estudiar el proceso de soldadura a trav(-s de los defectos que se presenteli en
un acero soldado, para Luego ver como medir por medjo de ensayos el peligro quc
significa la presencia de un defecto cuaLquiera. Este serg el mc-todo que se segui
rA. en el presente trabajo.

No es posible en tan poco espacio referirse a fondo respecto a la teorfa
de la soldaduxra, si~n --I riesgo de esquematizar. Se pretende por eso Ilamar la
atencifn s6lo, sobre Los rasgos mds sobresalientes, a fin de situar el problema
en sus verdaderos t6rminos.

2. Lcs defectos de la soldadura

Los defectos de la soldadura, que podemos atribuir al metal de base, Los
podemos agrupar en 4 principales: grietas bajo el cord~n, fragilidad de la zona
afectada por el calor, agrietamiento del cord~n en caliente y porosidades.

El mecanismo de Los dos primeros defectos mencionados, se puede expLi
car a trav,6s del papel del hidr6geno que se introduce al acero por el proceso de
la soldadura.

En una soidadura que se realice en presencia de hidr~geno en la atm6sfe
ra del arco, tendremos en la zona afectada por el calor, es decir aquella qiie so
brepase la temperatura de austenitizaci6n, una sobresaturaci6n de hidr6geno. Es
to se debe a que el hidr6geno en la austenita saturada no alcanza a escapar, quc-
dando en la ferrita en 2 formas: At6mico en forma de soluci6n intersticial y oclui
do, precipitado en Las micro cavidades del metal.

Cuando el metal s .omete a esfuerzos, sean 6stos internos (tensioncs re
siduales) o externos (cargas aplicadas), se produce una distorsi6n de la red cris
talina. Esta distorsi6n, caracterizada por una triaxiaLidad de tensiones, opera co
mo un factor de difusi-bilidad del hidr6geno at~mico, tendiendo 6ste a concentrar-

se en la zona de mayor distorsi6n, o sea: donde hay un mayor espacio para su con

El hidr6geno presente en la red cristalina lc darn. fragilidad a 6sta, por lo
cuie en la zona de mayor triaxialidad serd donde se inicie una grieta. Una vez pro-



ducida, dsta, en dicha zona se producirA un ativio de .tensiones. En .cftmbio, en la
zona de detenci6n, se produce una zona de concentracifn local de tenslones, que
pasa a ser en. ese momento la z~na de mayor triaxialidad. All! empieza de nuevo
a concentrarse el hidr6geno, repitiendose el fendmero. La discontinuidad de este
fen6meno se ha observado exper'imentalmente.

El tiempo, entre la aparicidn de nuevas grietas dependerd. de la temperatu
ra, que determina la velocidad de difusl6n del hidiidgeno, y de la concer.itraci6n
del hidr6geix presente. El comienzo de una grieta, estA. relacionado con una tri-
axialidad minima, que a su vez sea capaz de concentrar la cantidad minima de hi
dr6geno necesario para f ragilizar la red, hasta el punto de hacerla romperse.
Mientras mayor sea el lfmnite de f luencia de metal, serl m.s; f~cil alcanzar la tri
axialidad de tensi6n suficiente para iniciar la grieta.

La rotura. por propagacidn de grietas, como se ha visto, es retardada res
pecto al momento de aplicacidn de la carga.

El hidr6geno que se encuentra ocluido en el metal, se concentra en Las mi
crocavidades precipitando allf el hidrdgeno y dando origen a grandes presiones
que provocar~n rupturas en piezas sometidas a esfuerzos menores quae Su lfmite
normal de resistencia. Al romperse la pieza, en la superficie de ruptura se yen
dichas cavidades, habie-ndoseles llainado ojos de pescado por su aspecto. Esto
provoca fracturas retardadas, ya que se necesita tiempo para la precipitaci6n del
hidrrdgeno. En probetas sometidas a impactos no se han encontrado Itojos de pes-
cado't .

Veamos ahora el fendmeno de producci6n de grietas bajo el corddn, a la
luz del efecto del hidr6geno:

a) Grietas bai.o el corcidn.

La zona afectada, por el calor queda con tensiones residuales, pro
ducto de dos factores: las tensiones provenlentes de la contraccidn del en
friamiento y Las tensiones provemientes de la transformacidn de austenita
a martens ita.

Adn en aceros dulces, se producirl martensita debido a la rapldez
del ciclo t~rmico que no alcanza a homogeneizar la austenita, producto de
la perlita, por 10 que se producen ntlcleos de martensita. El enfria~mlento
rdpido harA que la transformacidn de austenita a martensita, se produzca hasta
a temperaturas bajas(3 ).

El cambio de volumen que se produce en la transformacidn darl
origen a tensiones internas, las que ser-In mfiximas en la zona lfmite en-
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tre el metal que se fundid y el que n6, ya que ahf hay diferente composi-
ci6n qufmica, por lo tanto diferentes cambios de voLumen. Esto hart pre
cisamente que Las grietas sean bajo el cord6n(4 ).

La templabilidad del acero, o su facilidad para producir estructu-
ras poco ddctiles en la. zona afectada por el calor, serl el segundo factor
que proniueva Las grietas, al impedir la atenuaci6n por fluencia. de Las ten
stones residuales. Las segregaciones serAn tambidn promotoras de la pre
sencia de estructuras frfigiles.

El tercer factor es el hidr6geno, que actda segdn su mecanismo ha
bitual. Las grietas bajo el corddn son retardadas al momento de la solda:-
dura, y se producen a bajas temperaturas.

b) Roturas fr~giles.

El segundo de Los defectos de la. soLdadura, en Los cuales el hidrO-
geno tiene un papeL primordial, es el de Las roturas fr~giles que se produ
cen en la zona afectada. por el calor.

Las tensiones que aparecen en eF-'e caso se deben a Las tensiones
residuaLes del enfriamiento, o a Los efectos de triaxialidad provocados por
cargas externas en la zona en que se locaficen concentraciones de fatigas.
El factor de tensiones internas, con el efecto del hidr~geno, provocaradn
grietas y por consiguiente ruptura ern viezas cargadas dependiendo de la.
ductilidad. de la zona. La ductilidad para. este caso se mide a trav6s de la.
temperatura de transicidn. A temperaturas mayores que la de transici~n
la ductilidad del metal serl suficienite para atenuar Las tens iones, por lo
que no se alcanzar1 la. tens i~n unitaria crftica de inicip ~i6n de grietas.

El ciclo t~rmico, de la soldadura generalh-sente baja la. temperatura
de transici~n en la zona a~fectada. por el calor. En piezas que trabajen bajo
la. temperatura, de tensidn, se pueden producir roturas fragiles sdbitas, de
bido a la. falta de ductilidad. Estas fallas se localizan en la. zona afectada
por el calor, pero que no Ilegd a fundir pues alit se encuentran Las estruc-
turas mis deshomogeneizadas, por la rapidez del ciclo te6rmico( 5 ).

El otro efecto de roturas frAgiles o roturas sin el alargamiento co
rrespondiente se produce por el fendmeno de Los "lojos de pescado", que
no sOLo, disminuyen la seccifn soportante de la pieza, sino tambidn promueI vs concentraciones locales de tensidn en sus bordes.
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C) Agrietamiento en caliente.

Al enfriarse el cord6n soldado, debe resistir las tensiones que se
ejercen sobre 61, producto de la contraccifn del metal que se enfrfa y de
la rapidez de transformacidn de la estructura en la cual se encuentra el
cord6n soldado.

Si el metal que fundi6 no tiene a alta temperatura. suficiente ductili
dad, se producirin grietas. La ductilidad a alta temperatura dependerl.
fundameintalmente de la composicifn qufmica del metal que se fundi6, que
serd una mezcla del metal base y el metal de aporte. Si en el metal que es
tA solidificando, se producen compuestos que tengan un punto de fusi6n me-
nor que el del metal cuando aparezcan ias primeras tensiones del enfria-
miento, aim habrd fase lfquida que serl incapaz de soportar tensi6n, pro
ducidndose grietas(6 ).

Hay dos~ elementos promotores de este fen6meno: El carbono, que
aumenta. el rango de solidifaci6n, principalmente en la zona de cxistcncia
de Fe delta, haciendo quc baje la lfnea de solidus.

La segunda fase lfquida residual y la. mas importante, es la del FeS.
El sillfuro tiene un punto de fusi6n menor que el de Fe gama. Como lfquido,
se junta en Los bordes de Los granos reduciendo su cohesi6n. El Mn neutra
liza al S, formando, s6lo una inclusidn inofensiva. Parece que cl contenido
crftico de S para que no se produzcan grictas per efecto del FeS es 0, 035%.
Con una raz6n Mn/S mayor quc 14,5 con contenidos totales de azufre pero
con segregaciones de 61, se producirAn agrietamientos.

El efecto de Los otros elementos de alcaci6n en la promocifn de a-
grietamiento, en caliente es incierto( 7).

d) Porosidades.

Sc producen por la. formac-i6n de gase's en el interior del metal If-
quido y que debido a la. rapidez del enfriamiernto no alcanzan a salir.

El principal gas que se produce en el seno del metal.. es el H2S.
Producido por la dcsulfuraci6n del lfquido per el hidr6geno de la atm6sfe
ra del arco. En aceros con contenido de S mayor que 0. 05% o en aceros
con segregaci6n de azuf re, habr~. porosidades.

El oxfgeno presente eni la atm6sfera del arco, formard CO que
tambidn tratar.1 de cscapar en fc.-rma de burbujas.
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Esta revisi6n muy sumaria de los defectos posibles en una soldadu
ra nos indica que no s~lo basta con producir uniones soldadas sanas, sino
que es necesario preocuparse de las caracterfsticas mecdnicas con Las que
ha quedado, la pieza. Una soldadura frdgil puede ser rnorfol6gicamente sa-
na, pero representa en la pieza un punto debil que la harl incapaz de ren-
dir el servicio para el cual estaba proyectada.

3. Los ensavos de soldabilidad.

Los diversos ensayos de soldabilidad nos permiten medir la reacci6n del
acero frente, a Las variables que inciden en el proceso. La unificac i~n de Los valo
res y datos obtenidos sdlo podrA hacerse por el criterio del t~cnico que tengaen
mente la totalidad del proceso y sepa ponderar el valor de cada uno de Los datos
que dispone, asimismo, segiln el tipo de acero de que se trate, serdn Los ensayos
a que sea necesario someterlo.

a) Los ensavos de recepc i~n

En elios inclufmos aqu~llos que nos permiten conocer las caracte-
rfsticas fMicas y qufmicas del acero que pretendemos soldar.

El primero es el andlisis qufmico. Este nos indica s6lo la cantidad
de elementos presentes, pero no la forma como se encuentran repartidos.
Tampoco nos indica el contenido de gases que puede haber en el acero.

La homoj 'neidad entendida a trav~s del contenido de inclusiones,
la podemos determmnar a trav~s del m~todo ASTM E 45 - 62 T, que clasi-
fica a Los aceros en una escala arbitraria segdn el contenido de oxidos, sul
furos, silicatos y aliminas.

La homogeneidad que m~s interesa conocer, es respecto a la repar
tici6n del Azufre y el F6sforo, que serdn promotores de grietas en calien-
te y estructuras frfigiles. El estado de segregaci6n de estos elementos pue
de determinarse por Los m~todos del "Sulfur Printing"? y del "?PhosphorousI Printing".

La historia t~rmica y mecd.nica del acero serd util conocerLa ya
que 6sta puede darnos una pauta del grado de desoxidaci6n, del grado de
tensiones de larninaci6n, de Las segregaciones y de la estructura nietalo-
grdfica.
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Interesa predecir el comportamiento, que tendrd nuestro acero fren
te al hidr6geno que se introducird durante la soldadura. Para determinar
esta, sensibilidad al hidr6geno hay un m~todo que consiste en comparar el
acero en cuesti6n con otro acero patr6n y su comportamiento frente a las
fracturas retardadas. Se comparan las curvas de carga aplicadas contra
tiempo transcurrido hasta, la ruptura en probetas de, tracci6n entalladas.
Sc trazan las curvas de los aceros en estado de recepcl6n y saturados con
hidr6geno. Las probetas se saturan con hidr6geno calentadndolas a 9502 C
en atm6sfera de este gas o carg~ndolas electroifticamente, como c~todos
en una soluci6n.Icida.

La comparaci6n de estas curvas indicarA si el rango de fatigas en
tre las cuales se producen fracturas retardadas es grande comparado con
el de un acero normal. SI las fracturas se producen en un tiempo corto,
el C, Cero serd muy sensible al hidrdgeno.

Las curvas del acero al estado de, recepci6n dan una pauta del con
tenido, de hidr6geno que hay en 61, proveniente, del proceso de fabricaci6n.

Este metodo de determinar la sensibilidad al hidrdgeno es exclusi-
vamente comparativo y no cuantitativo(8).

El tiltimo ensayo de recepci6n que puede hacerse es el ensayo de
templabilidad o "Jominy test". Este ensayo, indicarA la susceptibilidad del
acero a templarse, informacifn que puede ser util en la prevencidn de
grietas bajo el cord6n y roturas fr~gi1es.

b) Los ensa-vos de grietas baio el cord6n.

Entre los muchos m~todos que se han propuesto, para evaluar el pe
ligro de grietas bajo el cord6n, hay dos que parecen ser los md~s indicati-
vos: el mdtodo C. T. S. y el del carbono, equivalente.

El mdtodo C. T. S. (Controlled Thermai Severity) (10) consiste, en
depositar cordone i de soldadura con un procedimiento igual al que se em-
pleard en la soldadura real entre 2 planchas con un ndmero de severidad
t~rmica equivalente.

Se entiende aquf por ndmero de severidad tdrmica al ndmero de ca
minos para el flujo de calor de un espesor de 1/4"1 que Rlegan al cord6n.
Asf 2 planchas de 1"1 soldadas a tope, tendr~n el ndmero de, severidad t~r
mica igual a 8. El ndmero de severidad tdrmica estA. aproximadamente, co
rreiacionado en forma directa con la velocidad de enfriamiento. Las plan
chas se apernan a fin de darle rigidez al conjunto, ademl.s se sueldan la-
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teralmente, con el mismo, fin.

Los cordones de prueba se seccionan para observar si hay grietas.
LA presencia de grietas va a estar determinada por todos los factores que
inf luirdn en la prictica, inc luso el papel del hidr6geno.

Se ha comprobado que el ensayo C. T. S. presenta una buena correla
cl6n con el comportamlento de uniones reales con el mismo ndmero de se-
veridad tdrmica.

- Es par esta razdn, que el test C. T. S. ha extendido su uso amplia-
mente.

El segundo m~todo de predecir la presencla de grietas bajo el cor-
ddn lo cIA el cdlculo del carbono equivalente.

El carbono equivalente, que tiene un a regularmente buena correla
ci6n en la posibilidad de presencia de grietas bajo el corddn es:

C.E. = %C M %Ni _ /qr- _ -%-Mo - O + %L
6 +20 10 50 10 40

A partir de los valores del carbono 3quivalente se han determinado
una serie de recomendaciones respecto a cdmo soldar con distintos espeso
res.

La ventaja del metodo C. T. S. sobre el del carb 'ono* equivalente, es
que el primero toma en consideracidn todos los factores de la soldadura,
mientras que el segundo sdlo mide 'La facilidad de aparicidn de estructuras
de temple, aunque el m6todo del carbono equivalente otorga una primera in
formacidn que puede ser dtil.

C) Los ensa-vos de rotura fragil.

Para conocer el modo como el ciclo tdrmico de la soldadura ha
afectado la estructura metalogr~fica del acero se ha propuesto un m~todo
que consiste en calcular analiticamente el ciclo termico experimentado por
un punto determinado del metal, y reproducirlo experimentalmente en una
probeta de dimenslones de ensayo. Esta probeta puede ser sometida a ensa
yos mec~nicos, de tal modo de determinar los ciclos tdrinicos crfticos que
darAn estructuras peligros~amente fr~giles en l~a zona afectada, par el calor;
de acuerdo a standards de fragilidad que se establezcan(ll).

Actualinente se encuentra en experinentacifn en nuestra Universidad



el aparato para prodticir ciclus tOrmicos de soidaduras sobre probetas de
ensayo. El ensayo de templabilidad tambi~n nos da una pauta del peligro
de fragilizaci6n del acero debido al ciclo, tdrmico.

Hay dos ensayes directos que nos dan una pauta sobre soldabilidad
en servicio, del acero: son el ensayo "Kinzel" y el, ensayo "Cabelka".

El primerk consiste en depositar un corddn en Las condiciones rea
les de, soldadura, sabre una plancha del espesor de la. que queremos sol-
dar. A la plancha soldada se le hace un entalle para provocar una concen
tracifn de tensiones sobre la zona afectada par el calor. La probeta se so
mete a la prueba de doblado, pudi~ndose determinar una temperatura, de
transici6n de ductibilidad al, entalle con la contraccifn lateral en el ancho,
que experimenu. la probeta 1/32?? bajo el entalle, hasta el momenta de la
ruptura.(l 2 ).

El ensayo Cabelka consiste en determinar la, tenacidad de Los dis-
tintos puntos de la zona afectada, par el, calor, tomando probetas Charpy
con ejes a distintas distancias, del eje de la soLdadura. Luego se traza la
curva tenacidad versus distancia, al eje.

La comparaci6n de estos vaLores, con vaLores de la tenacidad de
probetas en el metal base sin afectarse, dira. que un acera es soldabLe si
Las vaLores encontrados no difieren m~s de un 50%0 de Los valareai del me-
tal base.

Si bien la pniteba del impacto no se estd. aplicando, sobre una zona
de estructura perfectamente homog~nea en cada probeta, los resuLtados
obtenidos han sido satisfactorios, habi~ndose adoptado este ensayo en Che
coeslovaquia para todas, Las obras soLdadas de importancia(1 3 ).

Con Los ensayos de rotura fragiL, mencionados se ha medido la duc
tilidad al entalle, la tempLabilidad, el efecto, del hidr6geno y la fragilidad
de, la zona afectada por el calor. De.graciadamente Los resulta~dos de es-
tos ensayos no son estrictamente cuantificables, por lo que LRegarnos a te
ner que decir una vez m~s que debe primar el criterio, para, ponderar Los
resuLtados obtenidos en ios experimentos.

e) Loasensayos de fisuracidn en caliente.

Como el fen6meno del agrietamiento en caLiente s6 debe principal~-
mente a la composicidn qufmica del acera, es posible, y as! se ha hecho, eýs
tabLecer condiciones de soLdabilidad en funci6n de Los contenidos de elemen
tos de aleaci6n. Debe prestarse tambidn atencidn a Las segregaciones de
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1.afe(1 4%. En cuanto a ensayos directos, no hay ninguno que pueda sefia-
larse como definitivamente indicatorio de la susceptibilidad del agrieta-
miento en caliente.

La flresencia de porosidades en el acero sera posible, predeciria a
trav~s de la composicifn qufinica y del procedimnientm de soldeo, no sien-
do necesario ensayos directos.

El conjunto de ensayos mencionados, se ban destacado, por dar una
informaci6n relativamente completa, y por ser de facil aplicaci~n para Le.
boratorios de asesorfa de, industrias.

En la determinaci6n de ensayos de soldabilidad adn falta mucho que
inveatigar y conocer, ya que es noturio que Los elementos de que se dispo-
ne en la actuaLidad son fragmentarios y no del todo, al dfa con Los modernos
requerim-ientos de Le, tdcnica.



EXPERIENCIAS DE LA SOLDABILIDAD DEL ACERO C.A. P. A9212_gRADO B

1. Antecedentes

El presente estudio es una aplicaci6n de Los criterios de soldabilidad esta
blecidos anteriormente a un caso real y de aplicacl6n pr~ctica.

Su finalidad es doble: por un lado ilustrar de una inanera gr~fica Los crite
rios de soldabilidad recomendados y por otro lado, establecer Las, caracterifsticas
de soldabilidaci del acero, elegido.

La elecci6n del acero por estudiar se hizo tomando en consideracifn )a cre
ciente importancia que estd. adquiriendo el uso de 61 en nuestro medio a la vez de
el hecho, de ser dste un acero de soldabilidad, diffcil.

El acero A-212 grado B es fabricado en Chile por la Compaiifa de Acero
del Pacifico. Sit uso estA eveaminado a la constnicci'~n de recipientes de presi6n,
habidndose ya emplc:do en la construccifn de estanques para gas licuada, u ox1~t
no.

La construccidn de estos estanques se hace de acuerdo a Las. normas A. S.
M. E. 1959. Su control de calidad, en la laminacidn del acero, y en Las rnaestran-
zas corre por cuenta del "Lloyd Register of Shipping". Este control Be Ileva a ca
be par la verificacidn de Las propledades mecdnicas nmf~nimas establecidas para, es
te acero y par la inspeccida visual y radiogr~fica de las soldaduras. Ademd.s, se,
sornete al metal de aporte de la soldadura, a la prueba de doblado, prescripta por la
A. W.S.

La soldqdura de Los estanques, se hace par el mdtodo de soldadura, automa
tica bajo fundente. El precalentamiento se da cr~n soplete oxi-acetildnico, conitro
lAndose la temperatura par media de Lhpices indicadores, cuyo rastro funde a La-
temperatura precisa.

El presente estudio, se referirl a la plancha de 11" de espesor, que es em-
pleada en la fabricaci6n de estanques para gas Licuado.
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Para estudiar el problema, del comportamiento del acero freate al ciclo
tdrmico de la soldadura, se ha debido aislar como variable al procedimiento de
solde-o y 108 efectos que 6ste tenga en el comportamiento del metal soldado. A
fin de lograr esto, se hicleron las probetas de einsayo con el motodo de soldadura,
bajo Arg6n sin aporte de metal. La atm6sfera del arcqs en este cascq de por sf no
puede producir ningdn problema de oxidaci~n o hidrogenaci6n. Ademas, al no
aportar metal eliminamos cualquier problema derivado de ia diferencia. de comp~o
sici6n qufmica entre el metal de base y de aporte. En consecuencia, podemos de-
cir que s6lo daremos al metal un ciclo tdrmico similar al de la soldadura.

El arco se establecl6 en un electrodo de Tungsteno colocado concc~ntrico
en la boquilla, del Arg6n. El voltaje y la corriente se controlaron con los indica'-
dores correspondientes.

Se compararon dos mdtodos distintos para soldar. Uno de alta potencia en
el arco (mdtodo A), con tres pases iguales; y otro, de inenor potencia. en el arco
(mdtodo B), variando las condiciones en cada pase. Es to tiene por objeto ver l~a
variaci6n del comportamiento, del acero al variar la potencia en el arco.

Metodo A.

3 pases con 192. 000 Joules/pulgada cada uno
voltaje 32 volts
corriente 100 Amp.
velocidad de avance 2,25 pulgad, /mi'i.

Mdtodo B.

ler pase 2do pase 3er pase
85. 000 Joules / in iM5 000 Joae/in 102. 000 Joules /in

32 Volts 32 Volts 32 Volts
100 Amp. 100 Amp. 100 Amp.

2, 25 pulg/r-nin 1, 5 pulg. /min 1, 9 pulg. /min



2. Cornposicidn Qufmica

El on~lisis de la corn.pasicifn qufrnica del acero en estudio, arroj6 los si-
guientes resvultados:

C =0,31 %
Mn = 0, 90 %

Si =0,927 %
S = 0, 021 %
P = 0, 030 %

El carbono, equivalente resulta igual a 0, 46%.

3. Homogeneidad.

Se estudi la homogeneidad de este acero a travds de su 'contenido de in-
clusiones y de la dis-tribucifn del azufre v el fdsforo.

a) Contenido de inclusiones

Se hizo de acuerdo con la norma A. S. T. M. E. 45-62 T. El m~todo
cons iste en observar a 100 dilmetros con grdficos patrones. Estos gr~fi-
cos indican el contenido de dxidos, silicatos y aldminas en una. escala
standard de 1 a 5, creciente con el contenido de cada. una de estas inclusio
nes.

Las inclusiones anotadas fueron 6xidos clasificados como de NQ 1.

Por esto podemos decir que este acero no presenta, inclusiones do

importancia como para afectar su soldabilidad.

b) Distribucidn del azufre

La distribuci6n del azufre fue determinada por el m~todo del "'Sulphur
Printing", que consiste en a-tacar una muestra. pulida de modo que los nd-
cleos de 1\lnS impregnen un papel fotogr~.ico puesta a presi6n sobre ella.

La comparacifn de esta fotograffa con otras similares de la litera.
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tura mostr6 que el azufre se encuentra, bien distribuido.

C) Dlstribucidn del f6sforo.

Se determin.6 a travds del m6todo del "Phosphorous Printing" que
consiste en teffir las inclusiones de f6sforo con reactivos sabre ula. mues
tra. pulida.

la observact6n de la muestra demostr6 que tampoco existen segr~e
gaciones de f6aforo.

4. Estudio de la sensibilidad a la fragilizact6n can hidr6geno.

Se compar6 el comportamlento del acero, A-212 con el A-56, frente a Las
fracturas retardadas, en uma prueba de tracci6n con probetas entalladas cargadas
electroifticamente con hidr6geno.

El andlisis qufmlco del acero, A-56 di el Ziguiente resultado:

C = 0,51 %
Mn= 0,48 %

Si1 0, 050 %
S = 0, 039 %
P = 0, 015 %

La prueba de traccifn se hizo con probetas normales de 1 cm de dilmetro,
10 cm de largo, con un entalle de 60 9 de abertura y con un radio en la. garganta. de
0, 001"; de modo, de dejar una secci45n soportante de 0, 5 cm de dilmetro. La pe-
netract6n del entalle se hizo con el medidor de avance del torno. El radio de la puna
ta de la herramlenta se di6 con papel lija para. pulir metales, mldldndose su cur-
vatura en el microscoplo a 100 dl~metros. A, fin de cuidar la curvatura. de la he-
rramlenta durante el avance, con la punta calibrada, se avanz6 s6lo Los ditirnos
0, 01 cm. Ademds la herramienta Wu recalibrada cada 5 probetas.

La saturaci6n de Las probetas con hidr6geno se logr6 sumergi~ndolas co-
mo c~todos en un bafto electroiftico de Acido sulfdrico al 10%, con un gramo de
A8 203 par cada 3 galones de solucl6n, con una densidad corriente de 0, 3 Amp/pulg2

con A.nodos de Pb durantte 6 hrs.

El control del tiempo de ruptura se obtuvo con un reloj que era parado auto



xI-I-5

mdticarnente por la mdquina de tracci6n en el momento de romperse la probeta.

En la tabla 1 podemos observar los resultados obtenidos.

T A BLA 1.

Carga -(kgs) A - 212 Tiempo de ruptura

1350 0
1350 0 hora 29 min.
1300 2 horas 52 min.
1275 4 horas 23 min.
1250 7 horas 18 mini.
1200 11 horas 13 min.
1100 mayor que 36 horas 35 mini.

A - 56
1470 0
1420 1 hora 15 min.
1400 1 hora 17 mini.
1350 1 hora 58 min.
1300 2 horas 56 min.
1250 3 horas 4 min.
1200 mayor que 16 horas

El acero A-212 muestra un,, menor sensibilidad a la fragilizaci6n por hi-
dr6geno, 1o, que pone en evidencia par el menor rango que se observa entre la car
ga de ruptura y la carga de duracidn estitlica. En otras paLabras la zona de esfuer
zos en la que se percibe la acci6n del hldrdgeno, es menor. Ademdas, la zona. es de
pendiente inucho menor, 10 que muestra que la fragilizacidn que presenta el A-212
es mds lenta que la del A-5 6. Este fen6meno podemos explicarlo a travA-s de la coin
posici6n del A-56, cuyo alto contenido de C 10, hace ser un acero frdgil.

3. Ensayo de rotura fragil

Se estudi6 la fragilidad del acero resultante del ciclo tdrmico de la solda-
dura a travds del ensayo "Kinzel o doblado de cord~n longitudinal con entalle". (Es
te ensayo se describe anteriormente en la parte 3. LOS ENSAYOS DE SOLDABILI-
DAD, parte c, Los ensayos de rotura fr~gil).



XI-16

Se compararon los dos ciclos termicos antes mencionados a distintas tem
peraturas de p..ecalentamiento para observar la variacidn de La temperatura de
transicift de la ductibilidad.

El criterio para medir la ductilidad fue la medicidn del porcentaje de con
traccifn Lateral que experimentan, Las probetas bajo el entalie al ser dobladas has
ta la, ruptura. La tomperatura de transicidn Mu determinada como aquella para la
cual la, contraccifn en el ancho de la probeta es de 1%.

La medici6n de este porcentaje se hizo midiendo el ancho de la probeta en
el sentido, del entalle y 1/32"1 debajo de 61, antes y despuds de la prueba de dobla-
do. El momento, de la medici6n final fue cuando, se produjo el cojapso por fractura
sdbita, de, la probeta. Esto ocurri6 en todas Las probetas, excepto en aquellas ca-
lentadas a 100Q, que fueron Las dnicas que mostraron cargas de ruptura menores
que la, carga mgdxima.

En ellas se produjo esta carga antes de la iniciacidn de la grieta. Para
ellas se midi6 la contraccifn a carga mgxima.

Las temperaturas de prueba obtenidas en agua a la temperatura requerida,
hielo y mezcla de hielo, y sal, segd1n el caso.

TEMPERATURA DE TRANSICION

Temp. de soldeo Con procedimiento A Con procedimiento B
(Alta potencia en el (Menor potencia, va-
arco; tres pases i- riando condiciones de

guales) cada pase)

OQO 600? 359C
ambiente 99C 99C
100Q C 09O 129C

El examen de estos valores nos indica, como era de esperar, que el. m~to
do A, al tener mayor potencia, da valores menores de La temperatura de transi-
ci6n, 1o que muestra como superior al m6todo A, de mayor energfa en el arco,
frente al mdtodo B.

La conclusion mds importante que nos arrojan Los valores encontrados es
que, a temperatura ambiente se estA o par debajo o apenas sobre la temperatura
de transicidn, 10 que indica que a la temperatura normal de servicio la zona solda
da serd frdgil.
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El precalentamiento a 1009 C disminuye sdlo levemente la, temperatura de
transici6n en el caso A.

6. Ensayos de grietas bajo el cord6n

El valor del carbono, equivalente nos debe poner alerta sobre el peligro de,
la. presencia de grictas bajo el cord6n. Las condiciones recomendadas para sol-
dar un acero con este valor del carbono equivalente consiste en precalentar entre
100 y 200Q C, y soldar con el electrodo de, bajo hidr6geno, condiciones que se pii-
do observar se cumplen en la, pr~.ctica de maestranza. Ademds, bs informes del
Lloyd sobre la, inspecci6n de la construccifn de estanque para gas licuado, revisa,
dos durante el. presente estudio, no detectaron grietas de este tipo.

Para comparar ambos procedimientos de soldadura, se someti6 el. acero
al ensayo C. T. S. , con los siguientes resultados:

Temp. de soldeo, Procedimiento Observaciones

- ambiente manual E 6010, tipo A grietas en y bajo el,
corddn

- ambiente manual E 6016 tipo A sin grietas
- 1009 C Argonarc tipo A sin grietas
- 0 QC Argonarc tipo A grietas en y bajo el.

cord6n
- 100Q C Argonarc tipo B grieta, en el. cord6n
- 0 QC Argonarc tipo B grieta. en y bajo el

cord6n

Las probetas fueron. macrografiadas y observadas visualmente.

Las secciones observadas tenfan un nitme.ro de severidad t~rmica igual a
8, equivalente a la, de una uni6n de tope de dos pianchas de 1"1 de espesor.

Este ensayo nos domuestra los efectos beneficiosos que tiene el, precalen--
ta~miento para evitar las grietas en el. cord6n, aunque al, precalentar sdlo a 100Q
no parece que nos libere totahuicnte del peligro. Las grietas en el cord6n mismo
de Las probetas solda~das sin aporte de metal se deben a que este acero fundido, o
recidn solidif icado, no es c.%az de resistir la contraccift debida al enfriamie nto.



7. La fisuracidn en caliente

LA composici6n qufmica de este acero nos indica quo~ 61 es altamente sus-
ceptible a la flisuraci6n en caliente debido a su alto contenido carbono. El azu-
fre no tiene ninguna influencia debido a su bajo contenido (0, 021 %), a que se en-
cuentra bien dlatribufdo, y a que se encuentra neutralizado por el manganeso, 1o
que se deduce del valor de la raz6n Mn/SQ = 43, valor que es muy alto.

El agrietamiento en caliente de este acero es el factor limitante mLximo de
su soldabilidad.

8. Porosidades

La composicidn qufmica de este acero no indica que exista el peligro de po
rosidades en el seno, del metal que fundid. Su bajo contenido de azufre asf lo, dice.
Ademds, la presencia de dxidos, catalogada como N 9 2 en un mgximo admisible de
tres, nos indica que tampoce aquf existe un peligro de porosidades.

9. Conclusiones

Los ensayos a que ha sido sometido este acero nos permiten formarnos una.
idea del comportamiento de 61 frente al proceso de la soldadura, y establecer re-
comendaciones para su correcta operaci6n.

Se ha visto que Los mayores problemas que 61 presenta son el peligro de
fragilidad de la zona soldada y la fisuraci6n en caliente.

Ot ra conclusi6n importante es la notoria superioridad del m~todo A, de ma
yor energfa en el arco frente al B.

El precalentamiento aparece necesario, para evitar Las grietas en el cord6n
y para evitar la elevaci6n en la temperatura de transici6n de la ductilidad, aunque

esto tiltimo sea logrado s6lo parcialmente con un precalentarniento de 10OGQ C.

Como recomendaciones para soldar este acero de una manera adecuada y
segura, mejorando las condiciones finales, citarfamos Las siguientes:
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1. Se iebe soldar con una alta enorgfa por pulgada de corddn en el ar
co, por 1o menos mayor que la ompleada en el metodo B. Esto ayu
dard a disminuir Las volocidades do enfriamiento.

2. El precalentamiento deberd. ser superior a Los 100Q C, ya que esta
temperatura contribuye poco a evitar la fragilidad de la zona. soLda
da.

3. Rospecto al peligro de aparicidn de grietas bajo el cord6n, podemos
docir que con el adocuado precalontamiento y con la alta energfa en
el cord6n recomendadas no debieran produc.rse.

4. En cuanto al peligro, de grietas en catliente, se deberd.n tratar de
reducir al maximo Las volocidades de onfriamionto. Ademals, al
soldar se deberd. dejar en Los soportes do la pioza la mayor liber
tad do movirniento posibLe, a fin do evitar Los esfuerzos excesivos
sobro ol cord6n du ante el primer perfodo en enfriamionto, en el
que 6ste carecerl. de la. ductiLidad necesaria para soportarLos.

5. Los onsayos no destnictlvos son necosarios, para detectar defoc-
tos de procodimiontos de soldeo, ya quo Las soldaduras en este ace
ro son siempro do obras en quo la seguridad os el factor primor-
dial, os el caso de Los recipientes de presi6n.

De lo que puode despronderse el presonte estudio, as! como do la obse--va
ci6n de la soldadura do este acero en nuestro, medio industrial puede dosprender-
se quo so trata de un caso de diffcil soldabiLidad.

En ostas condicionos es indudable que en aplicac~ones en las cuales el pe-
so del rocipionte no sea un factor limitante oscrito, se deberfan usar aceros de
menor resistencia quo si bion darfan espesores mayores, e.vitarfan kos problemas
derivados do una dificil soldabilidad. Esto vale especialnwnte para aceros do ma-
nor contonido do carbono quo el A-212.

Como ejemplo ilustrativo, se puode indicar quo Las Normas A. S. M. E. Sec.
VIII-1959, prescribon para, un ostanque do gas licuado do 30. 000 gall. do volumon
hecho con A-212, un espesor de 21,6 mm, mientras que uno fabricado con acoro
do meno~r contenido do carbono, tipo acero dulce, deberfa toner 38, 0 mm., e1 ma
yor peso do oste dltimo so ye compensado por su facil soldabilidad.
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PROBLEMS AND DEVELOPMENTS IN
PRIMARY PROCESSING OF REFRACTORY METALS

by Thomas D. Cooper and Vincent DePierre

Introdii c tion

The extensive effort underway in the United States to develop the refractory
ineta Is as engineering materials has necessarily included a broad program in the
field of process metallurgy. It is the purpose of this discussion to cover certain of
the problems associated with primary processing of these high melting point metals
and to present a cross-section of the research and development activities being
carried out in the Air Force Materials Laboratory to investigate the more import-
ant aspects of these problems.

As a necessary background for discussion of this subject, it is appropriate
to consider briefly the properties of the refractory metals and the particular uses,
hoth actual and anticipated, which have stimulated the large investment by various
United States Government agencies and industries in their development during the
past decade. These metal3 Columbium (Cb), Molybdenum (Mo), Tantalum (Ta), and
Tungsten (W) and their alloys rep:.esent the last outpost in the concerted effort to
provide metallic materials with higher temperature capabilities. A wide variety of
review and summary publications reporting their development are available (Refs.
1-17).

The refractory metals are transition elementh and appear in Groups Va
(Cb and Ta) and Via (Mo. and W) of the periodic table. In addition to the fact that
they are Lll body-centered cubic metals, a brief statement of their well-known
characteristics includes: high melting points; the potential for metallic ductility
and Jabricability; high thermal conductivity and low coefficients of thermal e~par%,,u,.
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TAB LE 1

Physical Properties of the Itefra', lf--y Mwtp,

M 7J, M. tDenn'ý,Ity rMI&1.- IIlluis C orkductivitV Therv )4,1
.t- in psi J 6~ry/t~t Nitro-// -

t- 4474 0.310 15 30 '0 4.11

Tvk 47.30 0. 30! 47 JR4. 5 2. 7

Fa -3425 0.600 27 31.5 3.6

W 6 17 0 P.r ( 50 OV6.6 -?.6

A critical ,)-.,essment of the (urrent tcchnolcogual ic-asihility cot w'i,, e
ft-wc ory metals in various aerospace applic ations was recently precserited i(R.J 1 7)

-isdi- sumnmarized in Table 2. The evaluatlion considcr -, the thTeC TP 1Jc'r arc as 01

vpr-lication (propuLsiios, strjtuer.-, qnd auxiliary poWer) and attempts~ to pres(-til
3 re,-litie asqsessmt*-t based on materials technology feasibility rathter than ibe
dehstrability or pot~cntial for a griven type of hardware or sysleni. It is preszented
.,err- primarily to i!Ld!'.ate the e),Lnsive range of kises for these metals. Not I aQ
> ..ded in the- lab>t, !-u perhaps ;roro uimportant from the viewpoint cof !his -,Ir

* rICe, is t~w pcýtvinj!31 u,4e of these -:pecialty m~etals- in nuclear feactor app-lie-j V-
t-r the generation of powuvr inl remnote areas or where -ithur inure'C~lCtOa
ry-a~ of pow'. i gwier,:dion are- not practical. Ac is aoparetqI i~r `-i table1 tho-
* .r rent use of reftracfvi~rv inetals in actnal. hardware sc~tvice :4 the bm
~-li mited, hthepotential uses, as inidicate-d by the "In 1)cvelpformcla" andl
'S;-ýrulative*' catezories, ;-re indeed very e'xtensive.

Ehe proble-ms ýriciyjrtred in processing ace the direct result of somoe of
koih the desirpble anad undesirable traits cha~ract~eristic of the refractory metals.
!Eheir good high tcinpt-rAUTre sterength, the very basis ot their at-tractiveness, re-
,i'j'res theý use of prinirry pnrces.sjng temperatures greatly in excessý of' thi(xprc

inlously used for other met-als. Hlowever, their well-knowNx lack of o,,datiori rc.:',
.C10,t at #ee31ted temptrzitutr 3 nd tht- ernhirittling effect of the ]T).WrýtiLjdl Con;

':~-~t~ (pr ti til~ rr, g.9 ri 11d wrý.)avta) :ombine. with Lbeir oelevalcd r-t -'I -trenzth to turrtHnr- c-omplicate the problems already introduced hy the 1LCu:t:qIiV '
jj,- .sJopipg ad'*'tut~e woohrig rinae~rja~s a-rd h)andiing tcc~niques.
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TABLE 2

Status of Technological Feasibility of Refractory Metal Use (Rel. 17)
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TABLE 2 (coDnt,)

-)i 0! rej-hnological FF-asilokhty ot Refractory Metal (iJs- (Rc! 17)

- -- -- - -In.~ Deve - pment ~speculattt
in Flight C 1 an 'i

iA v-.*ation Servicrc Test 1Prototype Promrisi,-ngPredrtq Dcu[-IfJIl

A~lgSub- Orbm om Super
Re-entryv orbital One n1 300c rbtl-

One Use M11lt -
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Ve1dC le Compo-

AUJXILIARY 
et

Nuclear
Turbo- Tubing Heat Ex-
ge_,e rato r Turbines changers,

- I ~~~Reactor j-___

Magnetohydro- ElectrodeE Reactor
dynarnic Copo

- ________ nents
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* -- ~ -------- nenlts -___

* Th.rbo- jTubing
generator ___ Turbiaes ____

Thermionirt- Emitters,I

______ _____Collec-tor _j

FxperiE nce has amply demnosirpted the dcesirability of vacuum melting,
iW4iare or elleftron htaram, for ('GnsolJidating refractory alloy ingots for further

fpru' ebsing, kbfAh froni ýtheandpoint of purification to 1-educe Lhe imputrity lcv'M
-~t the zt~artuiw powder, a~s well as to achicve cbemjial homogeneity. The zesudt.;
-nzot structiir#, as ).Dust rated in Figure 1 for a mcrbderaim alloy, is typical of
:h±it produce(d liv ui-~ ltmt techniques. [n the catse ot the( frc~up V tnclall (ý'Th andI 'wl th:i~r afic', furthler proces-sinq to shec: oar, fort?(d shlape's, ric. C-1 SU0h

r-. t rc s ( gn l accomnplished ~'1) i-,irt~c't lorg-ipng, 1 roý iefiq; 3dc-ju3ti :ca~,
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,it' tn'V )1A'.d by working at 1u11r(.iCntly high ternperatures and protct, agaj:,t
" ., containmiation. In the case of molybdenum and tuingsten (Grott:. VI

-.:,d their alloys, ',)wcve(.-r, experience has shown that it is no+,t possible
•.rc uch as-cast structures. Consequently, it has been necessary to turn .o

•:' ".on as the primary working process to convert the as-ca~t structure 'o a
,(41gh! structure suitable for further processing. Therefore, the bulk e- the

v,,-,r, w.hich has been done in the Air Force Materials Laboratory and which will
1,ý- W,-,russed in this papcr has been on molybdenum and tungsten and their alloys,
for that is where the need for improved quality ingots and extrusion techniques

A second pyoblem concerning ingots which has recently been encountered
tv certain higher strength alloys, and vhich will probably become more severe as
higher strengths are sought, is that of ingot cracking during solidification from
thu melt. An example of this problem is shown in Figure 2, and will be discussed

, more detail later,

This 0* -. r background bas been intended to define the basic desirable pro

p•: les i.hereLt in the refractory metals, the applications that are aependent upon
such mawrials for their becoming a technical reality, and an indication of the
nature of the primary processing problems being encountered. The Experimental
Metals Processing Lab was established at the Air Force Materials Laboratory in
1959 with two major objectives in relation to those previously discussed problems:

ta) to investigate techniques and theories of consolidation and metal deformatior,
and (h) to provide a competent pilot plant primary processing facility to aid in
Depai tment of Defense refractory metal alloy development programs. The remainder
ci this presentation will then he devoted to highlighting several of the more im-
ixriayo aucomplishmentz achieved in this facility in the melting and primary
extrusion of refractory metals for the purpose of indicating the progress that has
be-n made in primary processing and also to stimulate thought as to the general
¶ipplication of the results to the metallurgical processing of other materials.

,Meting

Most work on melting of retractory metals to date has been directed towar(.
the purification aspects, with a relatively much smallereftort aimed at improviitt,
th(e grain size and g-ner-al qj.ality of the ingot to make it more suitable for sub-
sequen.t processing. This iLs reflected in recent review articles by Wong (Rcfs. I -,
and 19). Consequemlly, micst of the effort in the AFML 'has been directed t1,ward
the lattE r su•ject in an attempt to produce sound ingots %.,ith minirnuin grain size
''x. .ni.re uniform microstructure to increase the quality and yield of suhscq ient:y
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k-roe e" :-, viatcrwl,

The vacuum tarr melting facilEties a_-A activtif.tL at the AFML were reci.lvly
e 'ocribcd by Inouye (Rcf. 20). An overall view of the fui nace and its pu.mping syster)

_ own in Figure 3. The furnace body 1., an uri)ght cylindrical shell wat-! jacket-
cI ; the ,aides and cquipped with a stainic-zI ,tecl radiation sbicld under the top
once-inch thick plate. The power supply for the furnace (not shown in tbh photograph)
(.c-ksist$ of four DC rectifiers, two of which can be continuously vax. ed from 300 !.o

1--A aoý,eres each and two of which are introduced at their fuJI amperage of 2500

amperes each for a total current output of 7.00 amperes. Open circuit voltage is

a-bout 80 volts, with most melting operations performed in the 25-30 volt range.
The vacuum pu.nping systen:, designed for maximum efficiency by minimizing.
ce:!Lrictions iL the furnace body and all vacuum lin es, consists of a positive dis-

placements lobe-type rotary pump backed by a cam aaid piston type roughing puinp,
with puwping speeds in excess of 1000 ein in the range 0.010 to 0. 500 Xnm Hg.

High vacuum is obtained by a 20-inch diameter oil diffusion pump, which is utiiizzed
to u iintain presbres in the range of 10-5 Torr dux-ing rm,.ltwg. The electrode

power feed mechanism is operated either ,,imu :..y or ito,,.ticAally Ly a vcltage
sensing drive mechanism. The control panel i• -c-lhted from the furnace by an •-

inch tick con(rcte ,block wall and a double safet-tr gla.s window. The operator has

direct control of all fuznace functions, including tape recorders which are used Lo

orovide an accurate record of all events during melting according to true time.

The wNater cooled c.opper mold and its jacket are designed to permit the
-,,iting of refractory alloys, including those of tung-sten, in ingots itrom 2 to 4
mcl:es in diameter and op to 15 inches in length. The rr:Ad is a non-retraclablc

•T, ith welting tit,.ti-ng on a pad w the L<ottoin ano, procecding to the top as t!'c

"-cetrode is consumed. Max-iinum cooling effic-ieacy to prevent burn-through has
! oen achieved by reducing the •innular spacing for water flow between the mold

wall and the jacket to 1I/ inch. Water at the ratre of 80 gallons per minute can 'C
r'xr pred thrcugh the j..cket. Ihe jacket al1-o a,!• ,.•rring coil attached to allow
,ignetic !tirring of the molten ,,,eta-l _n the mold 6u.,:ing melting. Magnetic -tirr?.4

ts very helpful in stabilizing the arc and in rro.in_ the side-,,all condition ci tL.e

rigot. In studec:, to date, its cffectivcnei, ,n zcsmng rr4An size has been only
,.-tor, Lot;cy.".. -cah. ent of an ultr.. c'ni, ,r i•du.cet to tOc aiold lor fur-

Cf .r:',ir; .•O' ci ctt, -: ha,• becr ac-:c,•r',lt-b0d in other wetails (Ref.21), hai
. ,o bccn -dc"i:.x.jt"j -: Jiiztcd basL;. Thc5, st~id-c- .dicate that grain iof-me-
nent can ie.. ,c',' :; •. :. ,cth 'd provi•do N At i!. fc wer i•put is '.&xu .civ

'dirc~ted :. ..t 2 :B( : •,vxB. '.. -I-- . -(. 'O lii pt, .; e LŽ.ci.t ,c
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cqui,', trnt modification x ould have been required to keep the transducer aligned
i it_. !e ,_,olteu pcol. ipplication of this technique appears to be imcrc ideally

furpacc w;ta, rctracta-..lc .mold.

The inore important factGr6 that control the quality of the ingot are listed
.i q1'-.e 3. The three major operating; considerations that are ififlucntial in af-
c. 1.1 .cde factor. .zre: (a) the t¢,emperature gradient in the ingot, whicii dcf nc;a
c th c thcrunl A trc.ý6 pfAtern (-,O.hich I- 13brcly rebpon-.dbic for

ra...ingi, .te niformily of the ;ram struc 'ure, and the chemnical homovencity
. tic, :agot; (h) the amount of superheat in the ingot, v.hxch contrc's freczirg r,.ttc
.-r,.d grain size; and (c) electrode coirpc,_a-t.oin, niwloriity, awl.d density, .I'ach
Lnlucrcc the vtelt rate, the dcgrcc o1 pcrosity 'n hc ingot, the chemical k:.ao-
lernc.ty, and, indirectly, the grain size.

Because of the limited time available for this discussion, only two aspects
of tie many ramifications outlined for obtaining high quality ingots will be dis-
cussed. These are effects of certain variables on grain size and the problem of ingot
cracking.

TABI XE 3

Factors Controlling ingot Quality

- Soundncs;5
crack free
inm inam porosity
ýiidewall condition

- Macrostructare
grain size
grain shape

- Homogeneity
chemical
structural

- Co'mpositional Control
alloying elements
inpuritie6
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Thtc etfect of .nelt tate and minor additions of certain alloying edermucts
"* , . observed ic.live to their influence on as-cast grai size. Li the L c as•e

•-e '-Afecl, of melt rate, studies were run on a base composition of W - 0.6 C6,
:.k,; ,ýjchavcs very similarly to unalloyed tungsten in regard to melting character-
L.- .- nd w.got inicrostructure. The results, which are presented in Figuro 1,
. % 1hat Cas meelt rate is increased Irom 1.21 lb. mrin. to 1. 71 lb4nin., the rc-

-, tLag average gram diameter is reduced by almost one-half. However, a fturthel
in the melt rate from 1.71 to 2.&7 lb./rain. has a much less significant

.:aLAr;'c fileca. Therefore, it is advatajcouws from a grain refinement ztandv'oi.at
'e ',.sc higber melt rates. There seem,, to be, however, an optimum melt rate
aboN a which further rlmeinment is minor in relation to the increased burn-through
rlk5 reinvolved in using the higher current density. The optimum melt rate is a
injlotia oi -a awuyLmr of inter-related variables requiring a very complex analysL.-.

A ,,tady of '.uose £ac.torb is currenLly underway attempting to develop a in'thcmatical
,'odel for tlhoz cerdLtions using a program written for an IBM 7090 computer (Ref.
22).

ALso sho•w on this figure is a c'urve illustrating the effeet of the oxygen
,:--ntcrtt of the electrode for tbis alloy on the resultin.g grain size. Using a constant
power input, the varrtoD of both Lrain size and melt rate for different oxyg(.n
1'clb ca..:, br ,cen. AltbtLu.t) the oxýygen content of the electrodes varied trom .0
to 310 5'Ppw, the Iw, cxwgen amalyes of the ir.gets only ranged from 12 to I1 ppm.
ii:c (>VgUlI "_&itr:n , to 552 ppm had a pronounced influence on melting efficienc.,
reduc.ng the !rncli r ;,e Irom- 2.50 t, 0.97 lb./inm. with negligible change ni grail.
Cti•'n•,'t. Wd.thfhcr dccr-as41 zir .melt rate, as caused by increasing the oyyger,
cctcitf to 910 f~r.-, -pironounced mc rcase in gram diameter was observed. 'ihe

ry o ijz-e ciavc, xn coih-. iton with the extremely low retained o_e. q•.,i
co:'.tcr't ia the :.vngcs strongly suggests that, in the case of the oxygcn contanl o0 ,hc
gz~gt4 elcetrode fx , alley, thie most significant factor in resulting grain siz,..
i- tt, cl.iert that o\y~ca has on the melt rate.

A third CurVe nD this chart compares the as-cast grain size obtained in a
tpwr al mioylter.um all.v with the previously d.scusscd alloy. This composition,

M,)i " M,-I. 25"Ti -0. 3Zr--). U5C), witb strong carbide former adit o-s, has an
._jlercnt! finf gram ui- n compariscr to tiaI,-%vcd tungsten, prcsuin.bly due to
the ,,_;cl,:.tuwg qCfcct c1 tY,- -oyawg additon. it :is appaitcI itbat rmelt rate hbs re,,--
k1t•yv.ly L_.,lc cCct on. " x::.,; am 1.1 ;.a ai anlloy buch as Chus.

I
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The deveioprDie of higher strettgth alloys ui renent years has introduced
t:prc~em of ingot cra~kingduig arc' melting. Akn exccellent (. camtple of' this

a t.-ccurr'ed recetntly dtiuri- orog rains to scale-up the previously mr.nt i"ed Mo-
IZ. ' , Rei. 23). Cratukig in ingots 31 intches mn diameter and larger Lazi
.r( ;i.ty lbindorod prcogress in furthering the development of this all.oy, wbiich

~i~~asto be the iwxt logical step bewyond V-e currently commercially available
,%i -T'ZM loy(Mo-O. 5-(1. (Zr-0. 0~2C).

The causes of ,~racking in compositions such as this in spite of their fine;
ri--'a~st ar.ains size are probably related to the reduced resistance to cracking
r (,..uItrrng f rom the uicreased amounts of carbide phases present in the material1.
'Cht. cracks are found Primarily in the upper end of the ingot, and are thought :.o
originate early in thc final process of ingot cool-down. A photomicrograph of
typical cracks such as were presented earlier in Figure 2is shown in Figue 5.
ý\ can be sv:,the cracks are primarily tranbgrantilar although are-as tif inter-
vuaniular fracture are rioted.

Efforts in the A F MI. to overcome thi~s problem have followed several
approacheŽF (Ref .' 24). The first has been the use of a hot-topping operation Lii-
MI'diatelv sub~icqu~cn to melting, wherein- the current through tbe electrode )".
reduced so that beating' of Lbe top of the ingot will continue without further mcaltin~g
of the electro'de occurring. Time periods as long as fifteen minutts have be-en
effective iD reducing thr- exteia of the cracks, presumably by reducing the sevcr-
itv of the residtial stress pattern in the top of the ingot. Complete d~~aiuof

(b~cracks by .his technique h~s not been achieved. Neither has the appreac ii of
rapidly removingy the ingot from the mold and inzserting into a farnace for przlon cW.
stress relieving -at temperatures up to 2000 2 F been effective in preventingcrd
ing.

The technique that has been most successful has been the substitution of
'w.ualloycd moolybdenum as the la-st eight inches of the. electrode. As the metlting oi
the ittgot is completed, the last metal to solidify at tbe top of the ingot is u'al~c
miolybdenumr., which is not subject to cracking of this nature. Figure .9 i~llstratce-
two ingots melted by this technique, showing that cracking can he eltmi~a-ted býy
thil,, method. ibe sacritfice t-adje is in to-tal re'covcry, since the end of Ube ingot
must be. machined Lo ýrcmove the unalloyed molybdenumn. Until this shortc'or ing
can be eliminated* it appeai's to be a small enough price to pay to get a eound ia-'
got.
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T'.,c Pr ,n).rv goal of the e'trusxon e,ýperiments beis! -carried out at the
A f% ML bas been to provide the technology necessary to produ, e wrought material
vv_.h rna.ximum sovndness that can be turther processed to final shape by forging,
r'img, re-extrusion, etc. Although the extrusion process is an extremely useful
toco ivi the preparation of intricate final shapes, such work has riot been a patt of
our laboratory program and will not be con.iidered in this discussion. ExtensI c
eltorts of this nature have been supported on a contractual ha-sis by the AFML at
a number of industrial facilities, howeaer.

The pricipal virtue of the extrusion process for the deformation at tehe 'se
highly intractable metals is that they are primarily under compressive loading
during this critical operation. The process must be carried out at elevated tompo.,
atures where the material is sufficiently plastic, that deformzatie, (an take place
without exceeding the limitations inherent in the equipment. Conseqruently, the
development of adequate die materials and designs, heating techniques, handling
procedures and inowledge of rates of extrusion. and lubrication have been an im-
portant and continaing part of our program. Descriptioas of the. equipment and
procedures as they bave evolved in the AFML bave been presented recently (Refs..
25 and 26) and will only be briefly reviewed here.

Fa•ilities

Billets are heated for extrusion is an induction furnace as showmn in riL.
The. furnace consists of a 3- inch diameter tube of high purity alumina surrounded
with induction coils of copper cooled by water. Power is supplied by a 4200 cycle,
.0 kw motor generator set capable of heating billets to over 4000,) F in abo.tt 20
minutes. The billet is placed on a zircoaia loading block positioned on a penumaic
ally operated stand below the alumina tube. After the billet rises into the tube, it
is protected from excessive oxidation by argon gas which is flushed through the
furnace during beating. Billet temperatures during ,. eat-up are measured 1y a
Wingsten/tungsten-26 rhenium thermocouple passing through the zirconia bloc'k
and touching the billet bottom. Transfer from the furnace and into t•e conu tkC r
of the press is accomplished manually with tongs and requires approximate!,,- !, I
7 seconds.

The extrusion press, a 700 ton hor-zontat nodtf id Jomba rd press, is
shown in-Figure s. It has an oil-water hyd-raulic .-vse;:. e ',.ith a 3000 psi avo.%'rm .-
itS r,.wcd worI apacity v. 6OO tons with a z)dpecd f 20 w'O -it :i-cs rci yn1_,.



TIer - ,roke is 30 incheb. [he! rontaainr i~s je-sigxied 'to harý!1e - 'Y ,a(a1J(I
f~13 the cot~ic'liner .331( bten rmaterial are 1-J 1-12I d5L 1  jlQhoW(-iJ 4

46 to 48). Die mnaterials arc also. 11-12 die otrc' (IRoekxwil C hrn~
*~ ~ W.One of fl-c- inost imrportant advances in die technology as dIeveloped -I the

Sthc ;pplication of a ceramic coating by flai' -' spraying. or plasn,.a jet
~.ic U~ c W -cu-,f4 -c. The 0. 020 to 0. 060 in.thczionacai sre

* ~:c~l/ ,-a-c WME ýtitnd di-mensional stability by preventing 6110 ý%a,;h
O ot iiiet-l L; :,ýrccrI through it, 9nd to reduce extrusion presures. TI'o~
r'?,Lo liclf-- to it~iprovc ur],-wae quality of the extrusions.

rLi.(2 p~r:cccd;rc dcvclopcd for U.,: -:,tiu.on of refractory inetals cci- ihAs

l.-C-C Gs i 1c.-t r..tc. "D rcduce the ccrnt.?c tiL..ie between 'the bil! and thnOI~4,
Yi CIý rvC, [cW. 'to eccizerve beat in the bilict and to minimize dayna;.e. to th)e

t( !Alrý,. A' nozc L'clkci, (Lf i-d ,t(.cl heated to 1400 to 19509 F is placed in the con-
bý--rer in Irent of the billct. 'hIb hcýAtd nose block serves the dual purpose of rc--

h i,1cat flow; fronu t~e n'atc rial .rnd eliminating the costly machining operation
of c-Li.,Jibring the- billet. The- billet is coated prior to heating with a glass slurry,

'cli Lccrvcs a.. ail rc: coatin- to further prevent heat loss. The riass
M(UnLn, WaS3 ori;i -tcnjftd to scerve prii.aaarily as a hligh temperature luhricaf-lt,

I tAL -ft.!.ct~cn n-tjscziiity L. flG\% open to questicn, az xN ill hec di-scu-sed Later.
ý-J ',hix2htp block:.it in.;crtjcd hehind, the blil-et, folloNxed by a tool steel Licek. As tile

Cress~~~ ram, :. v1exrd,. UIc r±xb~f pushe:; tihe tool Steel bocek., thc., billet, and
4.'£?S~ie cil~wbloce: thactugh the die. T1he u-.c cf the grarh-lte folio-,. block allows

crntire refractory :., ci-- I billet to be extruded through the die and -Lo ci i-I-injates
time-cnCiW 0:> cCUciltng the extrusion fromn the unextruded 'La-tt enidý , wich

Y. cYIcoIC,

An irnJ-,Lca ncj -the temnperature ý-Pd extrusion ratio ranges th-11 havo'>e
-t~ Lc :: fr x'ar:'.'us refractory mct.ýIs is given in Table4 p~o.

K- -rc~~ph~ tu~: ýI.owing both tle woý,rked and the non-N;C-rked :struc`ar
.. ~.c~cztedin '-'16Ure

lrh-qtrurncntation oi tl'e prcss includes a nepoiHnvAct)ie 5&
ýoc :d-cr whic 1 . 1. -'- up to tiN car -iour data ci.iitncL avail ible for r- cordin~g data

(A cad, (AC. loac, rani josition, ram speed, extrusion temperature, snd the
io-xl en cach of the four- tic rods of the Tpress.

Al)j- ýar \IC-aSu (-C'ents

One of I; c t.2rtcrs x' hich i! :t-c, thi;Eý facility .1,0 i-.O.t LU~i',-,c 'I-.3pst C,~-*~cn C--r -.Aon ~i LI, c mT-c.- I. th~e c.1 hvtt ~ ccfy V,c) i-.4-



TABLE 4

Extrusion Temperatures and Ratios to r Refracw ry Metals

Materials Extrusion Temperature Extrusiop R"i,

Range, Q F Range

'Ud4ybdemmm 1-600-2500 1-1 to 102`a:,

Mo Low Binary Alloya 2600 - 3200 4:1 ",o -:,

Mo Ternary and Quaternary Alloys 2800 - 3800 4:i &o ;4:1

Mo -- W Alloys 2800 - 4150 4:1 to 10. 2

('C Alloys 2300 - 3000 4:1 t 10;1

Ta 41oyb 2700- 3700 4:1

-Pangsten 2600 - 4000 4:1 to 9.5:1

W Alloys 2400 - 4000 4:1 to S:1

veloped for measurtng the individual forces required tr extrude wa.terials. Tyls
capab-ltv has been obtainf.A by the addition to the instrumentation of the pres, I
a. load cell which measures directly the load on the die. The arranAemeut is .
in Figure 10. The load cell consists of a cylinder fabricated from H-12 tocl ste I
and instrumented with strain gages, which are calibrated and adequately protect-

frtom overheating. This load cell, in combination with the pressure transduper
atmac hed to the hydraulic system which measures total force, and the tachometer
de-vice which accurately measures rAm speed as a function of time, permits a
very complete analysis of the forces involved ta extrusion.

The major forces involved are dernmnstrat schematically in Figure 11.
Prior to deveklpment of the instrumentation, the only force which could he meaa-

urec was FT, the total forc- exerted or- the ram by the hydraulic system. Now,
t nr-e force on the die can I e measurad. The difference between FD and F1 O'c,,I•

SFF, the friction in the container, which is ont- of the most important axW pre-

V aUSly undeterrmi.ed variables in extrusion. In addition, FD c.onsists of several
tacrte.s which witl be diiscussed later.

A IYpiJ(-,l Icrcf-tiine curve z.: eietiuerated by the Visicorder is 6hov.; inP i
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,-c im.tport2ait rPar,!ncters previously discussed. As " e , '.he
ccreaseý as e.ai u.-ion proceeds, NNhile wD, which ) p L •: . IC :

• . :nation force, remains constant. rbe difference :ctNcc! : .,c '` .r
, -presents the friction force between the billet and Lhe coyrt,: I

:ýc t.i to decrease as extrusion proceeds, since the contact arc.i b•.t,,-c ..-n t1
... t •d the liner diminishes.

The development of this technique for measuring die loads has n.o-.'
' tI-lle a very powerful tool for iwvnestigat .ng the variables in% olvcd n c ion,

A (Al a-. the opportunity to study tbe c.etnAi ,ation of metal during extru. ion. Or
tirst tine, we are in a position to d( R.rr.ine such things as LH- usefu.bie.• of

.c-.ricants, obtain quantitative numbers describing the coefficient of friction in the
* •Žtainer, establih optimum die design for given materials and under vari..ous
(c-adlitions of speed and reduction ratio, and predict the proper extrusion condition..,
Io -an alloy from appropriate mechanic.a I property data. We hiave not yc t P-d the
opportunity to pursue al the ramifications of this development and it is c-pec-tcd
thit other uses will become apparent as work progresses. To indicate -,wLat ha,
been investiga;x.d to date, a determination of coefficients of friction for lubricat.ed
and unlubricated billets and a brief review of a mathematical analyvis of the eCA-
trusion process will be presented.

I nbrication StL4dy

One of the most important sources of power loss during e.trubion iL the
force required to overcome friction between the billet surface and the contau=c r
wall. In the lower end of the extrasion temperature range (1800V-2400• F) for
refractory metals, lubricants such as graphites and some glasses are used. For
ih- Ligher temperature range, different glasses have been employed as lubrica-nats
,o reduce the friction losses, their selection being made primarily on the basis ot
their viscosity at the extrusion temperature. In our work, glasses having viscos-
ities in the range of 100 to 500 poises at temperature have been considered to be
the most use.J. Spraying and brushing techniques for applying these glasses to
the billet ourface ha,,'e. been developed (Ref. 25).

However, in 6electing and evaluating the effectiveness of these gla-s-es a:ý
hibricanth in the past, quantitative measurements of the coefficient of fri.ctioyl of
the various glasses -,ve Lot been possible. Conclusions drawn from the total io..
measurements available have been, at best, open to question because of thie ffect s
of other extrusion and material va ables on the total force required to extrude.
Some. workers in the field have ev. doubted the usefulness of glass as compareC-d
to the naturally [ori ing surface o,',ide films for the higher ter-perature r..•..



The avail-ability of the die force measurements has nOw p)cI 111* "d rn.)rc(

wau8itative calculations of friction coefficients. Using the equaltio

FTz FD e (4 P L/D) (Ref. 27)

Sre FT total force exerted on the billet

FD deformation force exerted on billet (from the die load)
D - diameter of the upset billet

/14 - coefficient of friction between hillct and co-ntainer liner

L length of upset billet

t r'irtion coefficients have been calculated for extrusions made of W-2% ThO2 at
% arious temperatures above 3000o F, both lubricated with the glass composittons
ronsidered most suitable at that temperature and extruded bare. Since & is in-
tlienced by departure of the billet from ideal plastic behavior, billet temperature
and the composition of the layer between the billet and the container liner, the
values of)' calculated should probably be considered as "effective" coefficients
(A friction, ratber than absolute.

The results are shown in Figure 13. The glass compositions investigated
are as follows: 7740 Borosilicate (81Si02 , 4Na 2 0, 0.5K2 0, 13B 2 03 , 2A1 2 0 3 ); 7510

Silica (96Si02 , 2.9B2 03 , 0.4A12 03 ); and 7900 Silica (96+SiO2 ). As can be seen
from the data points, the calculated friction coefficients for the llunlubrieated"
billet tend to be lower than those for the billets coated with glass. These numbers
strongly suggest that the tungsten oxide on the surface at these working temper-
atures is indeed a more effective lubricant than the particular glass cornpositiorn
investigated, Other factors in this evaluation must yet be considered in more
detail, however. including the fact that the glass coating also serves as an insul=
ator so that the extrusions made without glass coatings probably were extrudf.d at
temperatures somewhat lower than the nominal temperatures indicated due to thc i r
greater rate of heat loss. Studies are now in progress to further examine the r ole
of lubrication in the extrusion process.

Mathematical Anai-vsrs of Extrusion

The availabfhty of (ici pressure data hasmaiepossible more de.talled a~ai'. ,-
of the cxtrusion pru(-ess. The deformation force measured, F is asso• iat(.d '-,t

.'e strength of the malerial under high strain rate at the tempe,-ature of extrusi..
1 ýd w~h three process parameters, the reduction ratio (An coeffiiet of frictit,:

Sr ,he die zontact surface (V'die). and the die angle (o•). Detailed studies of the
i, " tionship bctween t-.ese variable, ire no'u being nide by Pierce (Ref. 28). 1j theL



stre.gtr, of tthe material ,rider the appropriate conditions and the contribution of
three process parameters are known, then it is possible to predict the deform-

. u'rce required to extrude the material. The goal of these studies, therefore,
LaUs 'een to relate FD to these four variablP9. This has required the analysis of an
uy'tremely large amount of experimental data since there are four variables involved.

Previous attempts to define relationships of this nature have assumed that
I orogcneous deformation occurs during extrusion. Deformation under these con-
d'tions is, however, far from homogeneous. This assumption has not been used in

-:' ircels cvaluation. Thc use of the upper bound theorem, which does not assume
f c.:,oge,_cous deformation (Ref. 28) has permitted the calculation through an IBM
7090 computer program of the pressure required to extrude as a function of these
iour variables. Figure 14 shows two sets of curves from this study relating these
variables for the boundary conditiopb of maximum and minimum friction coefficients.
The upper curves represent shear along the die face, or the maximum friction con-
dition expected. The lower curves were calculated on the basis of no friction. The
calculatioas show that in the case of low friction forces, dies with 30Q half angles
require the lov.est extrusion pressure at low rediuction ratios. As greater reduction
ratios are denmanded or if the coefficient of friction increases, the use of higher
angle dies becomes' are desirable. Conversely, these curves can also be used in the
case where the yield strength of the material and the limiting available press pres-
sure are known to predict the maximum reduction rat'o that can be achieved in a
single pass.

Extrusion surface quality, as well as deformation loads, is another major
factor directly influenced by friction forces in the processing operation. Therefore,
lubrication studies through the quantitative methods described in this paper are also
in progress for the purpose of minimizing the occurrence of surface defects ill ex--
trusion. This entails determinations of frictional forces in the die where the major -
ity of crak defects occur. The die pressure measurements therefore also serve as
a quantitative indication of the effectiveness of lubricants for reducing frictional
forces in the die.

Conclusions

It has been the purp.iose of this presentation to cover in scope, if not iu
depth, the natuye of tihe work being carried oqt in the Air Force Materials Labor-
atory's Experim(crntal Metals Processing Lab. Wbile the work has been conducted
primarily on the refractory metals, it is felt that much of it is broadly applicable
to the process tc-.hiiques of vacuum arc melting and primary extrilsion in generaj.
The work has been done on a pilot scale. Questions may exist as to the validity ol
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txraf-'EAatu.g experimental results on initing of 4,-inch diam(ter mir.1, !t1-,c5e
Si .D(u hu.f. and larger in diameter because of the extreme differenccsi ,,,

.IId cc,.,g rate. Experience in the extrusion area has been very goc!d Ln this
: g, d, however. When difficulties are encountered in an experimental technique
or in extruding an experimental alloy in the facility, scale-up has proven to be
( '.en more difficult. On the other hand, many of the techniques and items of
equipment design developed in the AFML have served as the, basrs for very suc-
cessful scale-up by the extrusion industry in the United States. The rontunued

Adx wi.ces being made in instrumentation of 0 e cequlpment is providing excellent
,,pjvrinmities for more detailed studies of processes and it it telt tl*at even more
s ,gmificant developments, both in understaniding metal consolidation aWd deform-
,t.on and improving the processes, will be forthcoming.
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Fig. 1 Typical Arc Cast Moybdenum Aloy Ingot

Fig. 2 Cracking in Mo-TZC Arc Cast Ingot



Fig. 3 AFML Vacuum Arc Melting Furnace
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Figure 7. Billet Heater With Mlolybdenm~ Ingot
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Fig. 9 Typical Molybdenum Extrusion Showing Grain Flow Pattern
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COLD COMPACTION OF ALUMINUM AND ALUMINUM BASE ALLOYS

by J. R. Merhar and F. J. Semel

Introduction

The commercial applications of the powder metallurgy technique have long
been recognized as they apply to the fabrication of structural parts of copper or
iron base powders. With the increased interest in aluminum in recept years, it
was only natural that the techniques of powder metallurgy should be applied to this
material also. However, in contrast to other common materials, aluminum pow-
ders have a tendency to seize to the die wall during pressing and exhibit poor in-
terparticle bonding during sintering of the cold pressed compacts unless fabricated
at high pressures. This lack of sintering is believed to be due to the inherent oxide

film present on the aluminum particles which is not reducible at normal sintering
temperatures in conventional reducing atmospheres. For sintering to occur, the

oxide layer must be broken or disrupted during compaction to permit metal to
metal bonding. High compacting pressures easily break up the oxide; however, this
is not practical in many applications due to the serious tooling and lubrication pro b
lems. This condition can be eliminated by the addition of a lubricant to the powder,
but this in turn interferes with sintering ..nd greatly reduces the mechanical pro-

perties, especially ductility. As a result of these complications, further effort to
fabricate structural parts from aluminum by powder metallurgy techniques was
abandoned.

In recent years, interest in aluminum powder metallurgy was revived with
the discovery by the Swiss that a dispersion of aluminum oxide in a matrix of pure
aluminum gave properfies greater than those of pure aluminum. In addition, these

materials retained their strength level at elevated temperatures. Sintered Alumi-
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n•"m Poer,..v e. .. Q A ID ia A,-tsncoa I}u hnt -nrt-%iincr fnllnwed by extrusion to
rupture the oxide film and form the dispersion.

This knowledge, together with later developments in highly alloyed alumi-
num powders to produce tensile strengths in excess of 100,000 psi after extrusion,
increased the effort to produce aluminum parts by conventional techniques.

The objective of this program is to develop techniques to improve the me-
chanical properties, especially ductility, of aluminum and aluminum base pre-
alloyed powder compacta fabricated by conventional cold compaction and smtering
operations which can be made applicable to a production process. Wrought alh.mi-
num properties by powder metallurgy can be obtained in the laboratory by special
processes. However, these techniques are not applicable to production type equip
ment.

MATERIALS

Three commercial 1100 aluminum powders were used as the basic mater-
ials in this investigation. All were produced by atomization by different manufac-
turers. The powders were chosen essentially on the basis of their different sieve
analyses which were specified as 40%, 85% and 98% minus 325 mesh. Their analy
ses as d,,termined in the laboratory, as well as their other properties, are given
in Table I (1, 2, 3)*. In addition, an experimental aluminum-10% iron powder and
an experimental type 7075 aluminum powder were used in an initial investigation
on prealloyed aluminum base materials.

I
* See attached REFERENCES
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TABLE I

Properties and Characteristics of Aluminum Powders

Powder i 1 Powder # 2 Powder # 3
Sieve 1100A1 1100A1 1100AI

Analysis

+ 80 - 11.60
- 80 +100 - 7.10
-100 + 150 - 12.35
-150 + 200 - Trace 11.75
-200 +250 - 3.48 5.00
-250+ 325 - 13.39 14.35
-325 98 83.03 37.80

Appai ent Density 0.96 0.97 1.11

(gm/cc)

Flow Rate (sec.) None None None

Process Atomized Atomized Atomized

Type Irregular Irregular Irregular

EXPERIMENTAL PROCEDURE

Compaction

All specimens were compacted on a hydraulic, single ram, C-frame type I
press of 75 ton capacity. The press is equipped with a single lever touch control
for varying the speed and pressure of the ram. Initial examination of each type of
powder consisted of compressibility studies to determine the pressures necessary
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to obtain any specified green density. All sintered mechanical properties were
o•btainefro comapacts fab"ricated in a standard fiat tensile bar die. Standard

transverse rupture bars were also fabricated for determining green strengths.

A feasibility study was made to determine if an aluminum powder with a 2
percent addition of stearic acid could be compacted in a production type press.
The part selected was a cylindrical compact 3/8 inch in diameter and height.

Lubricants

Because of the nature of this program, a numb3r of lubricants were in-
vestigated. These included stearic acid, magnesium stearate, aluminum stearate
and paraffin wax. Numerous other metallic stearates, including copper, lithium,
iron, nickel and zinc were given limited experimentation using 1 percent additions.
Powder without a lubricant added was also studied. Using stearic acid, studies
were made to determine the effect of lubricant content on the properties of the as-
pressed, and pressed and sintered compacts.

Sintering Atmospheres

The following atmospheres were utilized in this study: (1) dissociated am-
monia, (2) hydrogen, (3) purified hydrogen, (4) helium, (5) nitrogen, and (6) air.
The dissociated ammonia was relatively free of water vapor, as can b,, seen from
the dew point shown in Table IH. The commercially pure hydrogen, helium. and oil-
pumped nitrogen were obtained in cylinders and the gases were passed through a
drying train prior to entry into the furnace. The purified hydrogen was tank hydrogen
which had been passed through a palladium diffusion cell. A constant flow of about

30 cfh of gas was maintained during the sintering cycle with each atmosphere except
air. The sintering of specimens -. *;air was accomplished by allowing the air to enter
the furnace through the small gas burnoff holes in the loading doors.

T
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TABLE II

Dew Poiats of Sintering Atmospheres

Sintering Atmosphere Dew Point (? F)

diisociated ammonia -60 to -40

hydrogen -70

purified hydrogen lower than -100

helium not determined

nitrogen -70

air

Sintering

The specimens were sintered in a two inch diameter tube i Lace. This
furnace is of the electrical resistance type, with an Inconel tube E -ving as a
muffle. It has a uniform six inch long hot zone and a maximum operating temper-
ature of 2100Q F.

Initially, specimens were sintered in either stainless steel or graphite boats.
However, at, about 1175 - F and above, there was an alloying reaction between the
aluminum specimens and the stainless steel boat and melting occurred. The unusual
aspect of the alloying reaction was that it occurred even with the slightest contact
between the metal boat and the compact. Investigation showed that if the stainless
boat were painted with a commerciai material used for limiting the flow of brazing
compound, the alloying was prevented. Urless this precaution was taken, the alloy-
ing reaction occurred. For this reasoa, all additional sintering was conducted in
graphite boats.

The graphite boats were fabricated from 1- inch diameter graphite rods.
The rod was cut in half lengthwise, and one dection was hollowed out to accom -
modate three flat tensile specimens; the remaining hali of the rod was utilized as
a cover.
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Property Determinations

Mechanical properties were determined on standard flat tensile bars (4)

using standard tensile testing equipment. Percent elongation was determined by
difference, using the length of a marked one inch gauge length on the specimen
before and after the tensile test. The densities of the compacts were obtained
using their weight in air and their volume as determined by Archimedes' Principle.
Surface porosity was impregnated with wsx.

I

RESULTS AND DISCUSSION

1100 Aluminum Powder

The Selection of a Lubricant

It must be recognized that higher properties can be obtained from alumi-
num compacts pressed without lubricants. Cremer and Cordiano( 5 ) found tensile
strengths of about 17, 000 psi and ductilities of 30 percent with non-lubricated,
air-sintered compacts. The resultant reduction in mechanical properties due to
lubricant additions, as well as other drawbacks, is mentioned in the above cited
report and is again emphatically stressed in the review of aluminum powder met-
ailurgy by Haertlein and Sachse(6 ). Other methods, such as forced lubrication of
the die and punches, are suggested. However, it was believed that the answer to
production of aluminum parts by powder metallurgy was in finding a suitable
mixed lubricant and sintering schedule.

Aluminum powder, in the as-received, non-lubricated condition, was cold
compacted to 95 percent of theoretical density and sintered at 1175 Q F in seve-al
atmospheres for control purposes. The properties of the bars thus produced aregr shown in Table Ill. It will be noted that in all cases the tensile strength is the same
as that of wrought 1100 aluminum indicating that the oxide film can be disrupted and
interparniile bonding will occur under cold compaction techniques. When the corn-

-. - -_ - s _T _



XIII-7

TABLE III

Effects of Lubricants on Mechanical Properties

Sintering No Lubricant 0 5% Paraffin 1% Alum. Stearate 1% Mag. Stearate
Atmosphere T. S. (psi) El() T. S. (psi) El.(%)1. S. (psi El. (%) T. S. (Psi El.

Hydrogen 13,600 28 10,000 8 5,700 nil 1,800 nil

Dissociated
Ammonia 13,400 29 6,300 1 3,300 nil 650 nil

Air 13,500 19 1,400 nil 2,100 nil -

pacts were sintered in air, the ductility was significantly lower than when sinter-
ed in other atmospheres, the decrease being attributed to oxygen. Visual !nspection
of the compacts sintered in dissociated ammonia revealed a yellow crystalline sUb-
stance in the matrix believed to be aluminum nitride (A12 N3 ).

Experiments were conducted with small additions of either paraffin wax,
aluminum stearate or magnesium sxearate to an aluminum powder. Compacts were
pressed from these mixtures to 99 percent of the theoretical density and sintered
at 1175 Q F for one hour in either hydrogen, dissociated ammonia or air. '.he me-
chanical properties of these sinterings are included with those of the compacts
without a lubricant shown in Table III. In addition, numerous other metallic
stearates were attempted vAth similar results.

These additions caused compaction difficulties in that only the powder which
contained a large percentage of coarse particles could be compacted to the high
density. Paraffin, particularly, caused agglomeration of the particles. The dele-
terious effect of the lubricants on the mechanical properties of these sintered com
pacts was apparent when compared with those of sinterings without a lubricant.

Slightly better properties were obtained with the compacts sintered in the reduc-
ing atmospheres, with the "best" properties being obtained with compacts lubricat
ed with the paraffin wax and sintered in hydrogen. Again, the lubricated compacts
sintered in air all had very low properties.

A comparison of the weight before and after sintering was made. It was
noted that compacts sintered in air had an increase in weight whereas the com-

pacts sintered in hydrogen had a decrease in weight. An examination of the micro
structure of specimens from each grov.; showed that a surface film, probably alu-
minum oxide, had developed on the specimens and that residue from the lubricant
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was entrapped wlh ' the pores. owever, the film was much thinner :'the ,V ount

of residue was much less in the compacts sintered in hydrogen. These observatinoal

seemed to indicate that the hydrogen atmosphere retarded the growth of the film
which in turn presented less of a barrier to the escape of the lubricant during sin-
tering. The air atmosphere, on the other hand, accelerated the growth of the film
which by its additional thickness prevented the escape of most of the lubricant. 'l'he
better mechanical properties obtained in the compacts sintered in hydrogen may,
therefore, be attributed to the smaller amount of lubricant residue present to iu-
terfetre with sintering.

In view of these observations, further experimentation was conducted with
stearic acid as a lubricant. Preliminary experiments with stearie acid indicated
that A vaporized faster than the above mentioned lubricants and would, therefore,
leave less residue in the compact after sintering. It also improved the flow rate
and blended much more easily with the metal powder. Compacts were pressed to
a density of 95 percent of theoretical density from the three grades of aluminum
powder with an addition of 1 percent stearic acid, and were sintered in hydrogen
for one hour at 1175 ? F. The mechanical properties obtained from these compacts
are shown in Table IV of the following section. These properties are higher than
those reported in the literature for similar processing conditions, and have excel-
lent ductility for a powdered aluminum part. Consequently, stearic acid was chosen
as the lubricant.

Effect of Powder Characteristics

The three 1100 Aluminum powders are identified by their percentage of
fines, i.e., the percent of minus 325 mesh fraction. An analysis of the respective
powders showed then. to be 38%, 83% and 98% - 325 mesh. It will be noted from
Table I that none of the powders had an observable flow rate. When working with
the as-received material, the 38 percent powder was the easiest to fabricate from
the standpoint of ease of die fill, and also exhibited better compaction character-
istics. These results are in accord with typical powder metallurgy observations
in which coarse powders have higher flow rates and consequently better die filling.
In the case of aluminum powders, their coarseness also tends to reduce siezing
and extrusion between the punch and die wall to form flashing. Cremer and Cord-
iano(5 ), in their work on aluminum powders, also remark of similar experiences
and suggest the use of coarse Powders. However, their results indicate that par-w ticle size has only a slight effect upon tensile strength of the sintered compacts.
Although defining experim~entation was not conducted during this work, it is felt
that the variations in sintered properties resulted in a large part to differences in
the particle size distributions of the powders used.
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The properties of compacts formed from these three commercial grades
of powder were determined. For this experimentation, 1 percent stearic acid was
added to the powder, pressed to a green density of 2.55 gm/cc., and the tensile
bars were sintered for one hour at 1175 Q F in pure hydrogen with a flow of 30 cfh.
The resuits are shown in Table IV. The sintering schedule and lubricant selected
for this work were chosen based on other experimentation carried out simultane-
ously. Each subject will be covered in detail later.

TABLE IV

Effect of Particle Size Distribution on Properties

Powder Density (gm/cc) Tensile Strength Elongation
(% fines) Green Sintered (psi) (% in 1")

38% 2.58 2.58 12,800 21

83% 2.56 2.63 14,100 30

98% 2.55 2.59 13,700 23

The 83 percent fines powder exhibited the greatest densification during
sintering and the best sintered properties. The values obtained are the average of
at least three bars. The maximum property values determined during this invest-
igation were a tensile strength of 14,450 psi with an elongation of 35 percent, and
were obtained using the 83 percent powder. This compares favorably with wrought
annealed aluminum having a tensil.e value of 13, 500 psi and 45 percent ductility.
Conseq"ently, this powder was selected for all further experimentation.

The 98 percent fines powder exhibited the next best property levels, but
was somewhat lower in elongation relative to the 83 percent powder, while the
coarest powder with 38 percent fines had the lowest properties, as wouW be ex-
pected.



Compressibility Studies

Typical compreszibility studies were run using all three grades of powder
with one percent stearic acid as a lubricant. Cylindrical compacts were pressed
at 20, 30 and 40 tsi, and resulted in progressively increasing densities as wotj Id
be expected. At the 20 tsi pressure, the 98 percent powder had the highest grz:cn
density, 2.45 gm/cc. At the highest pressure, all compacts approached the same
density, 2.60 gm/cc. Further investigation using different grades of lubricant
yielded the same results. The data obtained was used to fabricate the test bars
shown in Table IV.

As has been indicated many times in the literature, it was found that the
seizing of the aluminum powder to the die wall became more severe as the height
of the compact was increased. This is to be expected, as an increase in the height
of the compact corresponds to an increase in the contact surface area. However,
a direct relationship of compacting pressure vs. surface area is not possible be-
cause of the effect of other variables. Aluminum is particularly difficult to compact
due to its high coefficient of friction with steel. In addition, the high radial pres-
sures which occur in aluminum powders during compaction magnify this problem.

For all powders tested, a stearic acid content of 3 percent was sufficient
to eliminate the cold welding action of the aluminum. With a stearic acid content
of 2 percent, the fine powders had a slight tendency to seize to the die wall if high
compacting pressures, corresponding to green densities of 2.55 gm/cc or greater
were used. The coarse powder, 38% fines with 2 percent lubricant, could be com-
pacted to densities up to 2.60 gm/cc without difficulty. At a stearic acid content
of one percent, it was not possible to compact any of the powders without eventual
die wall seizure.

A feasibility study was made to determine if an aluminum powder with a 2
percent addition of stearic acid could be compacted in a production type press.
Cylindrical compacts 3/8 inch in diameter and height were continuously compact--
ed from the 83 percent fines powder in a production press to a density of 95 per
cent at the rate of approximately 15 compacts per minute. After 10 minutes of
operation, the tooling was examined and there was no sign of particle pickup. The
time length was considered adequate, as it was fourd from previous experience
that if seizing were going to occur, it would do so within the first minute or two,
or within approximately the first twenty-five parts fabricated. Therefore, even
though the time span was short, it indicated that the process was satisfactory for
production. Later, a few hund-td parts each of 1/4 and 1/8 inch diameter cylindeis
was made from aluminum powder. Using the above pr)cessing technique, satisfac-
tory parts were fabricated with a controlled porosity of 20 percent with no die
complications. Since cylinders are considered a simple part, it was felt neces-
sary to determine the limitations of the process, if any, tirough the compaction uf
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a more complicated shape. Tooling was available for a complex part used for the
tialing mechanism in a fuse. it consisted of a 7/8 inch diameter disk with one siight
scallop on the edge, two through holes and two blind holes. It was found to be ne-
cessary to increase the stearic acid content to 3 percent, and even then the core
rods eventually built up a sufficient accumulation of aluminum to shut down pro-
duction. Further experimentation will be required into specific design modifications
in order to satisfactorily fabricate the part.

Effect of Stearic Acid Additions on Green Strength

The amount of stearic acid added to the aluminum powder greatly affected
the transverse rupture strength of the as-pressed compacts. For example, com-
pacts pressed from the 83 percent -325 mesh powder, with no lubricant addition,
had densities of 2.25 and 2.55 gm/cc and had green strengths of 1350 and 4050 psi.
With a 1 percent addition of stearic acid, compacts at the same densities had trans
verse rupture strengths of only 125 and 900 psi. The strengths at other lubricant
contents are shown in Table V. It can be seen that further increases in the stearic
acid content had little effect green strength, by comparison with the original de-
crease resulting from the initial one percent addition. The slight increase in pro
perties at 3 percent lubricant is unexplained.

TABLE V

Effect of Stearic Acid Additions on Green Strength

Stearic Acid Green Density Percent of Transverse Rupture
Content(%) (gm/cc) Theoretical Strength (psi)

Density _ _ _

0 2.25 83 1350
1 2.25 85 125
2 2.25 86 70
3 2.25 88 160

0 2.55 95 4050
1 2.55 96 900
2 2.55 98 350
3 2.55 100 450
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These higher amounts of lubricant additions aid primarily in ejecting the
compacts from the d.. I "T Is pointed out, however, that as the stearic acid addition
is increased, the theoretical density of the aluminum-stearic acid mixture de-
creases considerably, as is shown in Table VI. Consequently, the percentage of
theoretical density Qf these compacts increases with increased lubricant content

TABLE VI

Effect of Lubricant Content on Theoretical Density

Stearic Acid Theoretical Density of the
AdditionJ(% Mechanical Mixture (gm/cc)

0 2.70
1 2.65
2 2.61

3 2.56

when pressed to a constant apparent density. This results because of the reduction
in the theoretical density of the mixture. Since the percent of theoretical density is
increasing, the compacting pressure will also be higher. In addition, it is important
to note that more shrinkage must occur during the sintering of the compacts with the
higher lubricant additions to achieve the same sintered density level

Effect of Furnace Atmosphere

Compacts were formed from the 83 percent minus 325 mesh powder with
one percent stearic acid to a density of 2.55 gm/cc and were sintered at 11759 F
for hour in various atmospheres. The results are shown in Table VII. All atmo-
spheres were at 35 cfh. It can be seen from these data that purified hydrogen is
not essential to the successful sintering of aluminum. The properties of the com-
pacts sintered in hydrogen, purified hydrogen and helium were quite similar.
Furthermore, dew point may not be a significant factor. Purified hydrogen was
used for the completion of the study because of the case of maintaining a uniform
level of purity. In the work of Haertlein and Sachse(6 ), similar studies were ru,
with consistently lower results, especially ductility. They included in their in-
vestigation partially combusted propane, which gave the lowest results of either
study. Haertlein and Sachse also found that vacuum sintering did not improve pro
perties as might be expected because of more complete removal of the lubricant.
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TABLE VII

Effect of Furnace Atmosphere on Properties

Sintering Dew Point Sintered Tensile Elongation
Atmosphere Density Strength in 1")

(gmicc) (psi)

hydrogen -40 2.63 13,900 30

purified
hydrogen -100 2.63 14,100 30

helium not 2.61 14,200 29
determined

nitrogen 0 2.62 13,900 20

Effect of Compacting Pressure and Green Density on Sintered Properties

Compacts were fabricated at several &nsity levels from the 83 percent
-325 mesh powder containing 1 percent stearic acid, and were sintered at 1175 Q F
for 6ne hour in a purified hydrogen atmosphere. The results are shown in Table
VIII.

The major significance of these results is they show that compacts having
densities of 85 percent of theoretical can be sintered to a density of 96 percent of
theoretical with only a slight sacrifice in sintered mechanical properties. This
finding indicates a partial solution to the molding problem with aluminum in that
the seizing and galling effects of the powder are substantially reduced at the lower
molding pressures. Further investigation was then made in order to determine if
the cold welding action could be completely eliminated by increased lubricant
content without correspondingly significant decreases in properties at these lower
compacting pressures.
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TABLE VIII

Effect of Green Density on Sintered Properties

Compacting Green Percent of Sintered Percent of Tensile Properties
Pressure Density Theoretical Density Theoretical Strength" Elongation

(tsi) - (gm/c) Density _(gML Density (psi) .% in 1")

10 2,25 85 2.60 96 13,000 20
13 2.35 89 2.61 97 13,300 20
16 2.45 92 2.61 97 13,900 26
23 2.55 96 2.63 98 14,100 30

Effect of Stearic Acid Additions on Properties of the Sintered Compacts

Compacts were pressed to twc density levels, 2.25 and 2.55 gm/cc, from the
83 percent fines powder with 0, 1, 2 and 3 percent stearic acid. One half the samples
were presintered at 750-° F for 30 minutes in hydrogen using graphite covered boats.
This temperature is above the boiling temperature of the stearic acid. All samples
were then sintered at 117 5 Q F for one hour in hydrogen. The results are shown in
Table IX.

In general, increasing the stearic acid content decreased both tensile strength
and elongation. The decreases in weight of the compl•.ts during sintering correspond
to that required for complete removal of the lubricant. The decreases in tensile pro
perties were, therefore, probably not the result of interference from entrapped
lubricant or other reactions between the stearic acid and the aluminum which would
interfere with sintering, but are related with the lower sintered densities. All green
bars were originally at the same approximate volume. The compacts with higher
percentages of lubricant lost more weight, creating porosity. Since densification is
slight during sintering, the sintered density is lower and is reflected in the lower
properties.

Presintering of the compacts prior to sintering did not result in any significani
changes in tensile properties, as can be seen from Table IX. The sintered dcrsjtie,:.
of the presintered compacts were generally higher than those of similarly proces-
sed green compacts. However, the expected improvement in tensile properties be
cause of increased density did not occur. It again appears to be difficult to ;-elate
this phenomenon to interference from the lubricant, as that woukl have also been
reflected in the sintered density.
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As a result of presintering, there was, however, a general improvement
in the surface appearance through the elimination of discoloration normally Caused
by the lubricant. The bars were held at a temperature sufficiently high to permit
volatilization of the stearic acid before sintering could occur to entrap thf gases.

Effects of Sintering Time and Temperature

Compacts with 2 percent stearic acid were molded at 2.25 and 2.55 gm/cc
density levels, were presintered at 750-o F for 30 minutes and sintered at 1175-QF
for various periods of time. The results are shown in Table X.

The data indicates that sintering times of 30 minutes or longer should be
employed to achieve good strength and ductility.

Initial studies indicated that compacts processed at temperatures below
1175 9 F did not sinter to a significant extent. Consequently, experimental work was
conducted to determine the effects of sintering temperature on the mechanical

properties of compacts fabricated from the 83 percent fines powder. A range of
sintering temperatures between 1100- QF and 1200- QF in 25 2 increments was used.
All compacts were pressed to a green density of 2.55 gm/cc, using two percent
stearic acid as a lubricant, and were presintered in pare hydrogen at 750Q F for
30 minutes. They were sintered for one hour in pure hydrogen at the temperature
levels indicated above. The results are shown in Table XI. In addition, a study
was made correlating the microstructure of the compacts wiih the tensile proper-
ties. The photomicrographs obtained show a definite and pronounced increase in.
degree of sintering as determined by a decrease in particle boundaries with each
25 Q, F rise in sintering temperature. The propertief could be directly correlated
with structure, as can be seen by comparing Table XI with the photomicrographs.
All pictures were from transverse sections of the tensile bars, and are at 500x.

w!
• 5
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TABLE X

Effects of Sintering Time on Propnnrio.4

Compact Density - 2.25 gm/(c Compact Density - 2.55 &/
Sintered Tensile Properties Sintered Tensile Prf[teriqes

i:'•me Density Strength Elongation Den:sity Strergth Elongation
~m/ci~p~) (in 1') jg/j-(psi) -Ania

15 2.26 2,1.00 nil 2.58 11, 000 13

30 2.58 12,700 22 2.61 12,800 20

60 2.64 13,000 22 2.63 13,100 22

120 2.55 12,400 18 2.62 13,400 26

TABL•E XI

Effect of Sintering Temperature on Properties

Smtering Temperature Tensile Strength Elongation
(9 F) (psi) (% in 1")

1100 2,960 nil

1125 5,180 0.8

1150 10,920 9.6

1175 13,360 25.5

120I Me It Mg
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RESULTS AND DISCMIJSSiON

Alloy Powders

Attempts were made to apply the results of the study of the 1100 .lumirnm
to aluminum base alloys. Two pre-alloyed pcwdcrs, an aluminum 10% iron alloy
"and a 7075 type alloy, were chosen because of thcir ivailability in powder form.
Typical property levols for ex-trasions of aluminum alloy 7075 in the heat treaIcd
coz)lition show a tensile strength of approximately 88, 000 psi and elongation of 10
percent. For comparative purposes wiitb the iron-aluminum alloy, cxtrusions

from powder of similar rehemical composition had ten.sile strengths of 48, 000 pi

with an elongation u! 1.5 percent.

The 7075 powder was found to be extremely hard due to. 'he -3 lo.ing add-
itior-- in solid Folut'cn. Consequently, very low grcvu dcm.s itics resulted for U. rv-
aleni compacti-g pfcssurcs used with the 1100 alum iuurnm powder. Compacting

prez.--urcs of 50 tfi, double that used pr- iou;sly, gave a. m-axinum density oi L'L.y
90 pcrcent of theoretical. The compressibility of the pcider ias somewhat im-

provcd by an annealing treatment, and equivalcnt dcenities could be reached at
mnu..L 1ower pressarcs. Based on the rcz~ult- obtained on the effect of compactiP.

pres.sure vs. sintercd density with the 14.00 ppowder, it was rcdized.thzAt .A "_,'iv,!
grecn density was-not neco,•ary to a.chieve high Lintircd densities. Since low,-r
compact dens ites were satisfactory, no further investil;ation was made into
conip r••sib ility beihavicr.

The 765.y m.A.tri-,l waL :.tudicd uw.mg the p- rý.ncerl, icr the 1100 alumni;.
:.ardel malerial: lu additi-in, this alloy is suiceptible to the :Aandard W and tu i,-..
freatm'nts, ad all properties determined were in the 'I6 condition. The effects c
sintcrmi; time,4 sintorint, teo.:perature 3nd rrecn densAty on thiz viiterial were

determincd.-Euring flit; prelh:-in2.ry ..tuc'y, iLc AtrcnZtUh- lcvcl could not be raised
2.tiov t, 000"p i ton.ile :tr'crgth. L•,•. o •G .c.c L'rcez .I0c ir low, it must

,.•' rcccgnizcdl "h~t ,'hc i._. ,'mum. ;,i•;C. .'Y .L '.,.... *. 2? cr - &-; ' i,,, •"'•e vcd.. . ,,.... b502 F, or
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considerably below the required sintering temperature at 11752 F as determined
for thE. ;100 alummnum. Since the 7075 alloy has a solidus temperature of 890,, F,

higber sintering temperatures would cause melting. Consequently, satisfactory
property levels could not be achieved. It was concluded that the sintering temper
at.,.re of 11752 F determined for the 1100 atuminum was an absolute temperature
,ad not a percentage of the melting point,

Another preliminary investigat ton was made us tug an. alum.wum- 101, iron

• !lOy. Again, compressibility data also indicated the characteristically high
ha rdness of prealloyei a biuminjim in this material. A compacting pressure of 50

tsi resulted in a m.aximum green density of 88 percent of theoretical. Although all
p'owder metallurgy products are known to experience some springback or relief
upon ejection from the die, compacts of this powder expanded a minimiim of 0.10
inches per inch when compacted in a cylindrical die. It is believed that this powder
,irincipally deforms elastically, and consequently relieves the internal stressess
upon release from the die.

This alloy was specifically chosen because its eutectic temperature is above

the recommended sintering temperature of 1.1 75, F. Compacts were fabricated to
85 percent of theoretical density using 2 percent stearic acid. The tetnile bars
were presintered at 750, F for 30 minutes and sintered for 1 hour at 1175 - F, all

in pure hydrogen. The property levels determined showed no increase over those
of 1100 aluminum, and the elongation was drastically reduced. The lower proper

ties of the prealloyed aluminum-iron powder are believed due to the excessive
springback. In this case, the relief was so great that it could break the cold
welded bonds formed during compression. The rupture was so severe that even

1,)ng sintering times did not neal the bonds, thus accounting for the low ductilities.

This may explain, in part, the poor results obtained with other prealloyed alum-

inu•m powders. Cremer and Cordiano(5 ) also indicate the extreme hardness of

prealloyed aluminum powders, anti note that they are unsatisfactory, their great-

est deficiency being a lack of ductility.

As a means of circumventing the compaction problem, an initial investig-

ation was conducted with aluminum powder alloys which were prepared by me-

chanical mixing. Two percent of various elemental additions were mixed with the

38 percent minus 325 mesh aluminum powder. The additions were in elemental

form and were minus 325 mesh powder. Diffusion was complete within the sinter-
ing timesemployed, forming the respective alloys. The results in many cases in-

dicated an improvemenz- in property levels above those for the 1100 aluminum

compacts. Parliculariy interesting were the results obtained with a 1.0 percent

addition of carbonyl iron to the 83 percent -325 mesih alkminum powder, crh-sen

to simulate the iron pecalloyed powder. Compacts processed in a similar manmer
had tensile strengths of 2.1, 000 psi with elongatious Af 5.1 percent, while reta.luug

the excellent compressibiLity of the clemcittal aluminum. These prcimiirm.ry .sudnie:j
,rdicate a partial •olution to worknig with aluminum base; al•.O; ".c pclit •, .. i

area for further investigation.



XTD -22

CONCLUSIONS

A satisfactory schedule has been developed for fabricating parts of 1100
aluminum with tensile strengths of 14, 000 psi and 30 percent elongations.
These properties compare favorably with those of the annealed wrought
aluminum.

2. Conmpacts fabricated with low green densities can be sintered to the ex-
cellent property levels at high sintered densities. This permits lower
compaction pressures to be employed, with less asseciated seizing.

3. The material must be capable of being sintered at 1175-° F or higher in
order to form satisfactory sinter bonds.

4. The fabrication schedule developed for 1100 aluminum powder in this in-
vestigation applies only to the specified combination of powder, lubricant
and sintering atmosphere. It was found that a mixture of 2 percent stearic
acid with a powder containing 100% minus 200 mesh or 83% minus 325 mesh
yielded the best results.

5. The successful use of a lubricant addition, without deleterious effects, is
in contrast with the literature, where many investigators have found that
such conditions result in lower properties, especially ductility,

6. The optimum sintering schedule is as follows: parts compacted to approxi-
mately 85 percent of theoretical density with a 2 percent stearic acid
lubricant addition are presintered in hydrogen for 30 minutes at 750i F.
The compacts are then sintered at 1175,2 F for 1 hour in hydrogen.

Relatively simple parts can be fabricated on commercial compacting pres-
ses. However, complex parts may require specific design modifications,
such as elimination of small diameter holes and :harp radii.

- - ~T--W =
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It has been found possible to reduce the high compacting pressure required
for prealloyed powders by utilizing a mixture of elemental powders. This
retains the excellent compaction characteristics of the 1100 aluminum.

I
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TEMPLABILIDAD DE ACEROS DE CONSTRUCCION

por Dionisio Farfas

1. Introduccidn

La Direcci6n Nacional de Fabricaciones e Investigaciones Aeronduticas
(DINFIA) es desde el afto 1927 (en que se fundd con el nonibre de Fgbrica Militar
de Aviones) una Instituci6n bdsicamente Aerondutica, donde, se han desarrollado
y construfdo numerosos aviones y ditimamente cohetes, y donde a la Industria
Aerondtutica se agregaron otras fabricaciones: Autonidviles, Motocicletas, Herra
mientas,de precisidn, Instrumentos para Aviones y vehfculos automotores, etc.

Para desarrollar tan variada acci6n ha necesitado contar siempre con ma
teriales de diversos tipos, especialmente, metdlico y dentro de dstos sobre, todo
aleaciones ferrosas y de aluminio.

La aplicacidn de tales materiales, normalmente importados, requiriC la
formacifn de personal con conocimientos de los procesos metaldrgicos y trata-
mientos tdrmicos a que se deben someter tales aleaciones.

Desde la iniciacidn como Fdbri ca Militar de Aviones, esta Institucidn con
t6 con un Laboratorio de Ensayos de Mdateriales, donde se iniciaron algunos de los
pphrneros estudios de Metalograf1f. en el pats, y desde donde se ha cooperado en
todo sentido con la Industria que, a iniciativa de DINFKA y corno principal elemen
to promotor, se ha desarrollado en Cordoba.

El Departamento MATERLALES Y PROCESOS, que es en la actualidad tun
Lahoratorio bien dotado en mdquinas, equipos e instrumentos de precisifn y con
personal calificado, sigue en la tarea de control de los materiales y provesos uti
lizados en las distintas fabricaciones que realiza DINFIA, en el Estudio de Pro-
blernas de Mafteriales para Proyectos y de--arrollos futuros, ast como en colabo

racidn per manente con la Industria Privada del Pats.

El conocimiento de los mdltiples problemas que plantea el correcto uso de
los, aceros es uric de los factores que motivan el presente trabajo; en el que se
trata de resumir algunas experiencias realizadlas en el Laboratorio, tendientes a
determinar exhaustivamente las propiedades die Templabilidad de los Aceros alea-
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*]-ý (it 'Lonsrucclufl quo mfls se SCefin)leait ell la actual idari ell I:),:
nwtuticas y' automnotoras.

Se pretende dnicamente reunir ordenadamento laq diversas (aracterrsticas,
dof Tvrnplabilidad, que faciliten una coriecta aplicacifn de tales acero.s. .wvitando

c mpleos err6neos disminux'an la calidad do pieza~s, que POr SU diseflo o p1()CC
"13 tic fabricaci6n, debioran ser consideradas conio perfectas.

Se han elegido los aceros que se emp-lean Templados 3y Revenidos, porque
t: onsidera quo son los quo presentan nhayores dificultades en su aplieaci6n o

.z picsta en o~bia"t , justamente por Jos pr(ih-lcrnas que representan esos trataniien--
tts WrTmicos y por la estrecha relaci~ln que tVcnen las caracterrsticas de Tcrnpla-
hilidad del a.cero, con la elecci6n del mds conveniente para una determinada pieza.

2. CONCEPTOS DE TEMPLABILIDAD DE A-CEROS

Los aceros son aleaciones ferrosas quo han desemnpenado un papel de pri-
mer orden en el desarrollo do la Industria. Pose al auge que tienen en nuestro
tiempa otros metales y aleaciones, el accro no ha perdido actualidad y sigue Sion
do el material par excelencia, debido sobre todo a su versatilidad. Prueba do
e1Jo es el aumento notable do su producci~n en todos los pai'ses industriales del

1-1-~lo y tambitin el hecho de que la producci(5n per cdlpita, de esta aleaci6n, sea
un signo del standard de vida do un pars.

Las necesidades do las distintas industrias han hecho quo Ins fabri cant f.:
k1(sa rrollaran cientos de alcaciones, distintas ent re sr, y tratando ,!-. to~dos los ea
e s do utilizar corno elementos aleantes aquclios de su propia prn)d,.- c-i6n o los

e'.t~ranjeros do mds baja preejo.

Durante afios la cor..posici6n qufmica ha !3idO Jo detorminante en la desig-
flacie~n do los aceros. Fsa composicifn y algunas (arzacet fsticas mecatnicas han
!-ido clementos (IC juiejo empleados pat a ]a .cloceiiIn do 'ino u otro aeero para de-
terminada pioza o elemento do m~quina.

Los progresos de la Ciencia de Iris lvk taht s, que a] ericontrar nuevos me--
(liIo5 dc i~nvevtioaci6n hicieron de ]a Metalurgia una vi dI A(di Cicr; t:ia, han dado
clementos quo permiten deteyrminar quo la conlp,,suým (kc un acero re-
pit -;cnta solamente un conjunto do posibilidades; puf -*-p; opicodaides mc-cdni-

.4 ~ zdel acero dependen do su MICROFSTRUCTURA.

Para lograr tales microestructu ras :5se sn nect sar ios trata Jmientos termi-
c!-ATempt--ratura-s definidas, que son fijad,):- por la. cornposicli~n qufmica del

A,\ eI-r"; puesto que dichos puntos crrticos varflin con ]a adicion do olemeniot-3
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1a.,-,ciA o c on la velocidad dc enfriamionto. Estos progresos han modif icado en
10? ~I AMmos aflos los conceptos sobre forma de elecci~n de un acoro de construe-
cie~iy a-lgunos mdtodos dc ensayo como los de TEMPLABILmDAD, han aprobado
conceptos e ideas quo permiten la utiiizacidn correcta de Aceros aplicando para
su eiccci6n principios Cientfficos y Tdcnicos, quo permiten seguridad y econo-
mfla en el empico de estos materialos; pues debe ser lema del ingeniero: "no uti
lizar lo MEJOR, sino lo suficientemente bueno??.

Los aceros han alcanzado tanto desarrollo e importancia en la industria
-.icderna, dobido sobre todo a la cxtraordinaria gama de propiedades que con
dels puede lograrse mediante cambios de ESTRUOTURAS. La5 estructuras me-
t~1icas 6ptimas son aquellas en las quo hay precipitados que interfieren los pianos
de d-eslizamiointo en los granos cristalin os, con lo quo se difi1culta el movimiento
de las dislocacioncs, quo :3on causa do la deformacifn pldstica.

Estas estructuras do precipitados en el sen~o de una solucifn s6lida, se
obtienen en los accros por el tratamiento de Temple y Revenido. De ahr que estas
micro-estructuras scan las usadas para piezas de construccifn de -.ementos im-
portantes y do alta rosistencia, quo requieren por lo tanto, ser sometidas a Trata
miontos do BONIFICACIO14 (Temple y Rovenido).

El problema do obtener una estructura de Precipitaci6n en el seno do una
solucidn s6lida, encuentra, en ei caso do los aceros, un inconvenionte ccusisten-
te on que en toda la masa de la picza templada no siempre so obtiene dnicamente,
MLARTENSITA; quo es la estructura quo luego por calentamiento dardt precipita-
dos. Ello es debido al fen6meno do que la estructura es funci6n do la velocidad
de onfriamiento y la misma varila desde la superficie al centro de una pioza o ba-
rra. Por lo tanto el verdadero temple (Temple Perfecto, con estructura. marten
sifica) solo se obtiene hasta una cierta profundidad, a partir de la cual habra
niezcla de estructuras (Martensita. con Bainita, Perlita, Ferrita).

Las investigaciones realizadas han demostrado quo la profundidad hasta
donde so obtione ei Temple perfecto o estructura pura de MAartonsita (Penetraci6n
do Temple) puede mejorarso con el agregado do olementos aleantes, cada uno do
los cuales tiene mayor o menor podor reforzador do esta propiedad, tan caracte-
rfstica do los aceros, quo so denomina TE MPLABILIDAD.

Otro factor quo resulta importante para esta. caracterfstica es el "Tamnafto
de grano"l del acero,, quo influye en re-acidn directa; es decir a mayor tamnailo do
grano, la templabilidad aumenta.

En los acoros finos o aleados los problomas do templabilidad adquieren ma
yor significaci6n, puosto quo con ellos so logran no sdlo las estructuras precipita-
das quo dan las mojoros caractorrsticas niecgnicas, sino quo son tambion los quo
prosentan mojor comportamiento a la fatiga y las mojores propiedados do piastici-
dad.
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Para que los aceros den estructura de martensita pura en ditimety os mdIs
o menos elevados necesitardn la adici6n de grandes cantidades de elementos de
aleaci6n, lo que encarecerd el producto y a la vez traerft consigo otros problemas
relativos a peligros de agrietamiento en el temple, dificultades de forjado, etc.
Por tal causa se han estudiado las influencias que sobre Las caracterrsticas mecd
nic.,s tienen las estructuras mixtas, es decir aquellas en Las que el te~mple propor
r i'na estructura de mar tensita y bainita o de martensita y perlita y/o ferritv'..

Entro esos t~rabajos merecen destacarse los realizados por CAi~VO RODES
y sus colaboradores cu~yos resultados indican el efecto perjudiciai que sobre las
cairacte3 fsticas de plasticidad y resistencia ejerce la Perlita; mientras que la
prese~ncia en u~na estructura bonificada de Bairuta hasta. un 50%, siendo el resto
martensita, proporciona caracterfsticas similares a Las obtenidas a partir de es
tructuras ccn el 100% de martensita y Revenidas para la.,wisma dureza.

Estos trabalos sirven para limitar el concepto de templabilidad pues se
puede aceptar no obtener en toda la masa de la pieza MARTENSITA; pero sf inez
cia de martensita x bainita, evitando en lo posible presencia de Perlita o de Ferrita.
El comportamiento, de la bainita 16gicamente es parecido al de la martensita reve-
nida, porque se asemejan estructuralmente, cosa que no ocurre con la perlita v la
ferrita.

En este trabajo se han seleccionado aceros aleados que se emplean gene-
ralmente con tratamiento de bonif icaci6n y son Los que se suponen pueden cubrir
satisfactoriamente Las necesidades de la Industria, tanto Aerondutica como Auto
motora.

Al analizar Los problemas de Tempiabilidad solamente se consideran los
efectos del Temple y como rara vez (soLamente en los aceros de cementaci6n) se
utilizan Los aceros en esas condiciones, se ha crefdo de interds -- zar experimen
talniente Las curvas JOMINY de Revenidos de los aceros estudiados.

Con ello se pretende hacer ver el efecto de ablandamiento que tiene tai
tratamiento y sobre todo tener idea del Rango de Dife.7-encia que hay en la dureza
de la superficie y del centro de una pieza, cuando se somete a distintas Tempera
turas do Revenido.

3. PARAMETROS DE TEMPLABILIIDAD

La importancia de las propiedades de TEMPLABJLIIDAD do uin acero han
determinado que numerosos investigadores trataran de encontrar medios para de
finir y designar numericamente esa propiedad.

Innumerables trabajos sobre el tema han servido para asegurar un eie

. . .....



rnds racional. de las aleacioncs conocidas. asr comu Para crear nuevos acteros clue
respondan a fines especiales y con caracteri'sticas de templabilidad bien definidas.

De todos los mdtodos existentes para definir esa cualidad de los aceros,
se adoptard el del dilmetro Srftico y se considerargn no s6lo los diftmetros crfti
cos ideales de los aeeros estudiados sino tambien los correspondientes a temples
en agua (H = 1, 0) y en aceite con movimiento moderado (H = 0, 5).

Ividernamente se determinan los didmetros crfticos ideales para cuatro

conceptos de Templabilidad que son:

a) Templa~bilidad Bainftica

Se pueden considerar dos casos: al 99% y al 50% de Martensita.
En el primero se considera que se obtiene en el centro de la barra el 99%
de martensita y el 1% restante de Bainita.
En el segundo que se obtiene en el centro de la barra el 50% de martensita
y el 5 0% de bainita.

b) Templabilidad Perlifica,

Tambien se consideran dos casos:- al 99% y al 50% de Marte)isita.
En la primera se considera que se, obtiene en el centro de la Darra. el 99%
de martensita y el 1% de perlita y en el segundo 50% de inartensita y 50%
de perlita.

Como ya se expresd anteriormente la presencia de perlita o de ±errita dis -
minuye rnotablemente, las caracterfsticas mecdnicas, de fatiga y de plabticidad en
los aceros bonificados, siendo dichas propiedades (para la misma dureza) rnuy su-
periores si se parte de aceros con 99% de martensita. Se ha comprobado tainbidin
que no hay mucha diferencia si se consideran estructuras con 50% de mart-ensita y
50% de bainita. Se adopta generalmente como representacidn dte la TEM.PLABILI-
DAD de un acero la correspondiente al 50% de Bainita.

No obstante, y como en algunos casos la Nariz Perlftca, subresale mucho de
la correspondiente, a la C de la Bainita en la Curva TTT~, es conveniente conocý-:- el
valor de la 'Templabilidad Perlftica, que puede indicar que en ciertos casos si bi,,n
se obtiene el 50 de Bainita, en el resto no haya Martensita pura., sine. Martensita 1
Perlita.

En este trabajo para la determinacidn de los dilmetros crft;icos ideales cm-
pleando las curvas JOMINY, de CRAFTS y de GROSSMAN trabaj~amos con el crite-
rio de Templabilidad Bainifica, al 50%, pero en el case de los Cdlculos realizados
en base a la. composicidn qufmnica y dtel tamaflo de grano crn los "CaJlculadores de
Aceros"t (Calvo Rodes), se han operado en base a los dos conceptos de Templtabi-
lidad y se ban considerado los casos del 50% y del 99% de martensita an el ntlcleo.
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El deseo de agotar Los medios para determinar todas las propiedades quo
afectan Ila templabilidad do los aceros estudiados ban hecho considerar tambidn;
por creerlo de interds, .la determinaci~n de la Temperatura Ms (Martensite Stalt,
quo nos indica la temparatura donde comjonza la transforma~ci6n martensftica, que
(.F ur. Mliice valioso -.'ara conocer la sensibilidad a las GRIETASJ que presonta tui
ac,- co, en el proceso de temple.

En efec~to cua.ido esa Tempe-ratura es md.s alta, el gradiente entre la torn-
peratura de calentamienio y la de comicnzo do la transformaci6n martensftica Serd
menor y l6gicamente se reduciran las posibilidades de CYRIETALS, qtie son c'onsu-
cuencia de dos fen6menos antag6nicos quo provocan Tensiones Residuales. Esos
feri('menos son: al enfriarse el metal so CONTRAE, pero al producirso la trans-
formaci6n martensftk'a hay una transformaci6n do hierro gamma a hierro alfa,
con auniento do vohimen: DILATACION. El efecto do estos fen6menos es tanto
menor, cuanto monor sea la diferencia entro las temperaturas de calentamiento
para el Temple 1, la Ms y sirve como olemento importante para determinar con
ventajas ]a elecei6n entre dos acoros do la misma tonrpiabilidad. L6gicamente
so elegird el que presento un valor de Ms superior, ixies el acero que presente
tal propiedad serd menos susceptible a] agrietamiento on el procoso de temple.

Los aceros do calidad se utiLizan en estado de Temple y flevenido, puos
con tales tratamientos; es posibLe obtener Las estructuras 6ptimas de precipitados
on una matriz de soluci6n sOlida. El revenido importa un. ablandamiento de la es
tructura martensftica obtenida. por temple.

Ese abLandamiento si bien es funci6n do la temperatura y del tiermplo, lo es
tambidn do Los elementos que componen el acero, razdn por la cual aLgunos inve~---
tig~adores han tratado do encontrar algdn valor o parttmetro quo indique nur.16- ica-
merito las propiedades do ablandarse con facilidad o dificuLtosarnente por revenido.

Do todos los conceptos so ha preferido en ostec rabajo adoptar el criterio
de dureza POTENCIAL. quo permite determinar el factor de ESTABILIDAD DE LA
MARTENSITA, niediante un Ndmero do Dureza Rockwell, quo ex-presa la dureza
real do la martonsita pura do temple del acoro considerado, incremcntadoi on un
valor que corresponde a la estabilidad do osa martensita. Este es l6gicamente un
valor iniaginario, pero a partir GieL cual puodo obtonerso la dureza que so obtendr:1
con im revoni~do deierminado, en base a cooficiontes empirricos calculados por
HOLLOMON y JAFFEE, y quo CAJLVO RODES Los ha utilizado en sus "Cxculadores
do Aceros" en base a lo cual so han obtenido los valores do los aceros estudiados,
que son coincidente con los calculados con Los Coeficiontes de HOLLOMON y
JAFFE.

Las caracterfsticas suscintarnrnito mencionada- servirftn nto Solaniente pa-
ra defirir perfectamente un acero y facilitar su adopei6n para una pioza o elemen-
to determinado, sino quo el c onjunto de propir-dadcs permitirdn aplicar concoptos
de eq'i~valencia weu facilitai -n el reemplazo do un acoro por otro quo prosente ea
racteyrf4tcas si*milares do Tomplabilidad, y con ol que sea factible consegui'i -iueoo
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del revenido a temperaturas no enfragilizadoras- las caracterrsticas meeclnicas

(tC fatiga y de plasticidad requeridas-

4. ACEROS EMPLEADOS

Para la parte experimental de este estudio se han seleccionado ocho cate-
gorfas de los aceros de construccifn m;Is usados en la Industria Aerorigutica y on
la Automotora.

Se ha preferido ernplear aceros de porcentajes de carbono similar'3s comn-
prendidos entre 0, 30 y 0, 40%, para poder comparar mejor las caracterfsticas de
uno y otro, pues los conceptos modernos de equivalencia de aceros parter de l~a
base que tengan porcentajes de carbono similares.

Se ha tratado de seleccionar para estos ensayos aceros de distintas templa,
bilidades tendientes a que, por lo menos en DINFIA, se tipifiquen y se empleen so
lamente los aceros estudiados, para, lograr una racionalizacifn y consiguientemen
te una economfa en la pxmducci6n.

Se incluyen aceros de baja aileacifn, de media y alta aleacidn.

Tambidn se -ha. considerado un acero (8140) que se usa para nitruraci6n.
Se lo ha estudiado con este grupo por ser frecuentemente enipleado en la industria
aerondutica y utilizarse al estado de temple y revenido, procesos que se realizan
antes de la nitruraci6n.

No se han inclufdo los aceros de cementacidn, que serdn objeto de otro in-
forme, por considerar que son materiales de uso muy especial y que so emplean
normalmente sin tratamiento de revenido, o con revenido a bajas temperaturas.

Los aceros e:6tudiados han sido los siguientes: IA Ak 3140 (SAE 3140);
IA Ak 3335 (SAE 3335); IA Ak 4037 (SAE 4037); IA Ak 4130 (SAE 4130); IA Ak 4140
(SAE 4140); IA Ak 4340 (SAE 4340); IA A~k 8140 (SAE Niraflly); IA Ak 8640 (Sý,-I'
8640).

Las composiciones qufmicas de estos aceros se indican. en l~a Tabla I. Los
an~lisis qufmnicos han sido realizados por v1fi espectrogrdfica. para !a, parte cuanti
tativa.

Todas las probetas se han obtenido de l~a misma barra.

Estos ensayos no abarcan toda la.a gama de composiciones que perm~ite cada,
categorJf1 de acero, pero se considera que, como las curvas JOMIINY de cada uno de



ellios oe't. dentro de !a banda rebp(ectiva dlaeseiccinsoretsestos
c-.ntsayos represent.n las caracterfsticab medias n nronhabe ioA acr--qu oso
Han a la categorf. estudiada. Ademls los errores propios le~ Pis P-,ec:~
de las determinaciones de los dilmetros crftcos, temperatura Ms. Dureza 14p,
asr como las durezas luego del revenido, no justifican realizar mayor ndinc o dc
en--qyos para obtener las caracterfsticas de estos aceros.

5. EXEINU E AA

La paite experimentalde este trabajo ha consistido en la realizaci6n de en
sayos Jomin de ocho probetas de cada t ipo de acero.

Esos ensayos se realizaron a las teniperaturas y tiempos indicados en la
TABLA HT.

Todos los tratamijentos tdrmicos fueron realizados en hornos con atm6.sfcr-a
controlada, (Hornos Leeds y Northrup - Atmdsfera a base de VAPOCARB).

Las probetas fueron previamente normalizadas y se estudi6 la. estructura
microgrdtfica para. comprobar la bondad del tratarniento. LUego se hizo el temple
de acuerdo al. metodo JOMENY, 1.Una. de las probetas fue preparada, para. tomar las
durezas, a lo, largo de una generatriz, en ese estado de temnple. Las siete restan
tes fueron revenidas a diferentes temperaturas antes de toiiar las durezas. Los
revenidos se hicieron durante una hora, en todos los casos y las temperabiras utili
zadas fueron lqs siguientes: 3500; 4000; 4500; 5000; 5500; 6000 y 6500.

El acero LA Ak 3335 fue revenido durante tres horas a las distintas tempLo
raturas y los valores de dureza obtenidos no presentan, diferencias con los obteni-
dos para una hora. de revenido.

Luego de los tratamientos tdrmicos se L~eterinind en las probetas templadas
o bien en la de revenidas a 3500C el tamafio de grano. Para ello se utiliz6 el re-
activo de Mine. Bechd (21cido prcrico y teepol) aplicado en caliente. Los valores (IC
loo tamaflos de grano segtln la NORMA ASTM, se consignlan en la TABLA H.
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6. RESULTADOSOBTFNIDOS

a) Trazado de las curvas JOMINY

En este trabajo solo se consignan las curvas JOMIN correspon-
dientes a la probeta toemplada y a las revenidas a 3500, 4500, 5500 y 6500.
No so han inclufdo las corirespondientes a las oti'as temperaturas de rove-
nido quoe tambidn :,e traz~a on, para mayor claridad de los gr~ficos y por
ser dstas tomperaturas las quo So ittilizan en los "Calculadores de Aceros"
con los que Be han vcrifriado !as carvas obte~iidas.

Si bien los valores de dur/,~as, en los, ensayos efectuados, se han
tcmado cada 1, 5 mm, para el ti-azado de las curvas se han considorado so
lamente los valores correspondicntes a las siguienteL, distancias de la, ba-

se de la pcobetd: 3, 6, 99 12, 18, .24, 30, 3 6 y 4 2 mm.

Las cui vas do refcrencia para cada tipo de acero se indican en las
figurasi1, 2, 3, 4, 5, 6, 7 y 8.

En general puede observarse quo para los aceros quo tienen cerca
de 0, 40% de carbono la dureza en la bas~e y zona,- cercanas e-, muy similar,
mientras que en el acoro 4130 csos valores Oson menoros. Ello coinprueba
que la dureza superficial d6 temple doponde casi exclusivaniente del porcen
taje de carbono.

So debo destacar quo en los aceros do baja aleacid6. (4037 y 8640) las
curvas JOMINY caen en seguida, inientras quo en los de alta aleacidn (3335
y 4340) que son de alta TEMPLXBILIODAD, las curvas JOWMNY tienden a la
horizontalidad, lo, que so manificsta nifidamente en las curvas de REVENIDO,
quo son pr~cticamente horizontalces. Los acoros rostantes (41 30, 4140, 3140
y' 8140) quo son de media aleacidn y do media templabilidad so comportan co
.-no intermedios entro los otro- do- grupos y las curvas no caen tan brusca-
monte y no tienden a mantenerse horizontales.

En tock 3 los aceros so nota la influenrcio bendfica del rovenido er, el
probloma do suavizar las diferencias entre los valores del o xtremo de la
probeta Jominy y los mgs alejados, quo l6gicamente corresponde a las di--
ferencias entre la superficie y el interior do uma barra o do una pieza do tui
espesor determinado.

Ese efecto suavizante es nas marcado on los aceros do alta aleacidn
asr como en 'Los revenidos a m~s altas temperaturas.

Se deduce por lo tantol quo convione REVENIR los acoros siempre a
tomperaturas elevadas, pues esas temperaturas facilitardn la obtenci6n do
estructuras homogdneas en toda la masa del acoro.
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b) Determinae i~n de d i~!'~~ d mrrtic~

En base a !as curvas: JOMINY, de GRA FTS N, de GR1OSS0A N N

En base a las curvas Jominy sin revenido colri-spondiLw'. iieAV di,
tintos aceros cnsnyados y utilizando las Curvas de GRA rr Y[ &-
GROSSMANN de ]as figuras 9, 10, 11 y 12, se han dete!'iiid
diA~metros crfticos ideales y para, temple en agua y en acuitu.
valores se ineican en la TABLA III.
Para la determinaci6n del didmetro crftico se procede de k, :si;gu~t ri
te manera: En la curva de la figura 9 se entra con el porcen1tijC -!
carbono del acero estudi,,ido, se levanta una ordenada v (bride cort~t
la curva d01 50%0 de martensita se tiene la (lureza Re quc tenduiA un
acero con es,ý porcentaje de carbono, Cu'nd tenga el 50%, (1e mai -
tensita. Se entra con ese valor a la Curva JOMINY y so tiene la di.,
tancia (dj) en la cual existe un 50% de martensita. Con esa di.ýtan
cia se entra en la curva de la f igura 10 (GRAFTS) y se ticne el (Ii;
metro crifico ideal, valor con el cual en las curvas de las figur-as
11 y 12 (GROSSMANN) es posible hallar el (lidmetro ctl'tieo paint
cualquier severidad de temple. Se han determinado patra IfI 1. (1
(agua) y H = 09 5 (aceite con movimientos moderados). El ejcmj~I.-
en este trabajo se ha realizado con el acero 3140.

2. En base a la composici6n qrmica Vtamaho de grano (Con "(.ilcu
ladores de Acerostf)

Para estas determinaciones se han empleado los ?tCalc1Iptdo1.e: (h(
Aceros" de Calvo Rodes; los valores cbtenidos han sido para la
tempiabilidad al 50% y al 99% de martensita habit~udose deterxnin:
do las templabilidades bainrticas y perirticas.
En todos los casos para eliminar en lo posibie los ci rorecs personA,

les se han hecho las determinaciones por cuadruplicado.
Los valores obtenidos se consignan en la. TABLA Inl.
Si bien se han obtenido los valores de templabilidad bainilic.-i v pcr
iftica para el 50% y el 99% de martensita, se admite normal ricntec
un 50% con martensita y el resto bainita sin nada de perlita f ',:,
Se ha considorado como templabilidad al 99% de martensita (1)
ci menor de los valores obtenidos.
En cuanto a la Templahilidad a 50% de martensita (Dim 50) puc'k,
ocurrir cuatro casos y en cilos el valor de la tempiabilidad it I 5o
se determina de la siguiente forma-
Si Dib 50 es menor que Dip 99, el didmerncio c itAic'al 5W- scr'i Dih
En estos casos el 50% restante serlt de I aImita.
Ejemplos: 'tceros: 4130 - 4140 - 4037 - 8640 -- 81-10) y 13!0.

Si Dip 50 es inenor a Dip 99, el didnietro criftico al 5oQ% du ~ ~.n
sita serd- Dip 50.
El 50% restante Cs perlita.
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En ninguno de los aceros ensayados se present6 este caso. Si Dib 99
es menor que Dip 99 y dbia menor que Dib 50, el didmetro crftico
ideal Para el 50% de martensita se obtiene aproximadamente por la
siguiente f6rmula:

Dim 50 = Dip 99+ Dp (A Db- A D99)

ADb+ ADp

Siendo: A Dp =Dip 50 - Dip 99
A Db = Dib 50 - Dib 99
A D99--Dip 99 - Dib 99

Ejemplos: Aceros 3140 y 3335

El 50% restante es una mezcla do bainita y perlita. Si Dip 99 es me
ncr que Dib 99 y este menor que Dip 50, el didmetro crftico ideal
para el, 50% de martensita se calicula por la siguiente f 6rmuia:

Dim 50 =Dib 99 + ADb (ADp - AD 99)
AdDb+A6 Dp

Los sfmnbolos tienen el mismo significado que en el caso anterior.
El 50% restante serd una mezcla de Perlita y Bainita.
Ejcmplos: Ningdn acero de los estudiados estuvo coniprendido en
este caso.
Los didmetros crfticos Para sev,,eridades de temple: H =1, 0 y H = 0, 5
correspondientes a agua y aceite en movimiento moderado respecti
varnente, se han obtenido asimismo con los "Calculadores de Ace-
ros??.

3. Mdtodo Mixto

Tambidn se han obtenido los didmetros crfticos ideales por un md-
todo mixto entre los dos citados. Para ello se obtuvo en las Cu;-\ as
Jominy la distancia a la cual hay 50% de martensita (valor que tawn.
bidn es un Mldice de la templabilidad) y con esa distancia es posible
obtencr en el T tcalciilador" ci valor del digmetro crftico ideal al 5W,
de martensita y consecuentemente los correspondientes a cualquier

severidad do temple. Los valores se consignan en TABLA III.'

C) Determinaci6n de las temp~eraturas Ms y Mf

Los valores do la temperat~ura Ms se han determinado por dos meto
dos: En base al cdlculo aplicando la f6rmula: Ms = 550 - K
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Sind o K=3500 x%0C + A00 X 11 + " 0 0 x%'C r + 1 0x%+NI OOX %x o

Tambidn se han determinado por los "calculadores" y los valores
obtenidos han sido muy semejantes a los logrados por el otro metodo.

Los valores de Mf se Inan calculado por la siguiente f6rmula,

Mff Ms - 1% 55 K

Todos estos valores se consignan en la TABLA IV.

d) C~lculo de la Dureza Potencial1

Los valores de la dureza potencial se han obtenido tambidn por
'edlculo con la fdrmula:

HP =84+ 4 x% Mm +4 x% Si +5 x% Cr + 1x%Ni +20 x% Mo

.84. Valor correspondiente a porcentaje de Carbono entre 0, 35 y 0,40 %

Con los ttcalcuJladores"t se han obtenido valores coincidentes.

Con este tiltimo procedimiento es posible calcular esa dureza poten
cial para revenidos de 3500, 4500 o 6500, teniendo en cuenta los valores
que incrementan los precipitados de cromo y molibdeno a esas tempera-
turas.

Los valores mencionados se consignan en la TABLA IV.

e) Durezas a obtener des~pues_ del reveni~do

Este problema es de fundamental importancia y los valores obteni-
dos son de gran utilidad, porque demuestran fehacientemente la necesidad
del trazado de las curvas de revenido de las probetas Joniiny, pues nos in
dican -el Uaiete de dureza entre lasjperficie de una barrayel cent ' o de
la nisma, para un didmetro dado, que puede ser el crifico, en un medio do
enfriamiento dado (representado en las Figs. 1 a 8 por una lflhea de puntos).
Es la distancia Jominy al 50% de ma~rtensita. y que puede asimilarse al Dilt-

metro Crifico Ideal al 50% de martensita.

Los valores obtenidos con los "Galculadores de Aceros" son simila_
res a los de las curvas, pero de esta tiltima sacamos los valores mdximos
y mfnimos de dureza, que puede ser flhdice elocuente para decidir la elec-
ci6n de un acero, con ciertos revenidos, de acuerdo al margen de exactitud
en la dureza que nosotros exidjamos segdn la Calidad o importancia de la pie-
za a construir.
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7. C.ONCLUSIONES

Las caracterfsticas Gencrales dc los ocho aceros estudiados se han resu-
mido en la TABLA IV.

En las tres primeras coliumnas se han indicado los tratamientos tdrmicos
de los citados accros consigndndo-ce Las temperaturas de calentamiento para: NTOR-
MALIZADO, TEMPLE y REVENIDO.

En las .zi6-Lieritcs se han indicalo los PARAMETROS DE TE17PLABILEDAD,
es decir: los Didinctros Crfticos (Ideal y p.ara Severidades de Temple H -0, 5 y
H = 1, 0), Teniperatura Ms, Mf y Valores de Dureza Potencial.

Para los Dirnictros Crfticos se han considerado Los valores calculados con
Los 'tCa.culadc'res de Acero" para ci caso de Templabilidad al 99% de Martensita.
L~is Di~metros Ci rticos ideales para Teimplabilidad al 50% de Martensita,, son el
j-romedio aritmdtico de Los tres valores obtenidos por diferentes mdtodos y que se
cci signtan en TABLA III.

De igual manera se ha procedido para Los valores de Los Didmetros Crfti-
cos al 50% de marterisita correspondientes a Temples en agua en calma (H = 1, 0)
y accite con movimientos moderados (H =0, 5).

Las temperaturas Ms y M~f son tarnbidn promedios de las calculados par las
f6rmulas ya citadas y de los obtenidos con los "calcuiladores", que es de destacar
fueron los mismos pr~cticamente.

En el caso de Las durczas potenciales se indican los valores obtenidos por
Los "calculadores"? y se consideran valores para distintos revenidos, teniendo en
cuenta Las acciones endurecedoras de los precipitados de Ca,-rhiros de Cromo y
Molibdeno.

En la parte final de la planilla se han indicado las caracterfsticas de estos
aceros despuds de los revenidos a distintas temperaturas. Para cada temperatura
se han indicado Los vaicres de Dureza Rockwell y su equivalente de resistencid a la
traccidn par los "Calcuiladorcs de Acuros??. Ademn~s se mencionan los valores
mdximos y mfnimos de dureza que se obtuvieron de las Curvas de Las Probetas
.JOMINY de Las Figuras 1 a 8.

Como se observa de los valores obtenidos experimentalmente son muy si-
milares a Los calculados, la dnica diferencia es que en los dlti~mos tenemos los va
Lores promedios, mientras que de Las curvas se han obtenido los gradientes de du-
reza, desde la superficie al centro de la pieza a barra considerada.

Para tal fin se considera coman centro de la barra la distancia JOMINY (tam
bidn Cs flhdice de templabilidad), con la que 3e ha calculado el dilmetro cf~tico ideal.
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Es tie destacar que tambien se han empleado Los "Calculadores de Aceros"
parai la determinacifn de las Curvas JOMINY In--a de REVENTIDO, yLos vid oI'Cs

!ýon muY similares a los obtenidos experimentalmonte. No se han trazado esas
(;urva.- para no hacer m~ls complejas las figuras 1 a 8, y sobre todo por sor los
vaI(-res muy similares a los de las curvas experimentales, salvo el caso de los
a(.( 4340 y 3335, que son los de m~s templabilidad y donde pareciora que los
(,I rc de los ?tcalcijiadores?? so acrecientan.

La comparacifn de los valoies obtenidos experimentalmente con los calcu
Pidos indican por la similitud de Tesultados, que pue'den utilizarse los "Calculado
i es do Aceros" para !a determinacifn de las earacterf sticas de templabilidad do

accros do construccifn. En general solo se puede reprochar a dichos "calculado
rest' el hecho de que al aumentar la templabilidad del acero los valores se alejan
mds de los obtenidos experimentalmente.

Pero para conocer las caracterrsticas de los aceros normalmente usados
en industrias aeron~uticas y automotoras, los mismos pueclen ser de gran utili-
dad y permiten conse-guir esos valores con relativa facilidad y rapidez.

El andlisis de los valores obtenidos permilts ordenar los aceros ensayados,
por sus caracterrsticas de templabilidad, en la s iguiente forma:

- Acero 1A 4037 Templabilidad pr- H =0, 5 de 0,300 mm a 15 mm
- AceroL1A 4130 i 15 mm a 30mm
- Acero IA 8640 15 mm a 30mm
- Acero 1A 4140 " 15 mm a 30 mm
- Acero IA 3140 " 30 mm a 45 mm
- Acero 1A 8140 "i 45 mm a 55 mm
- Acero IA 4340 It ?75 mm a 100 mni
- Acero IA 3335 "I 175 mm a 100 mm

Este orden so hace para los valores do temple en aceite con movimiento
moderado (H =0, 5), per o el. mismo orden se obtione p~ara temple en agua en cal-
ma (H = 1, 0).

Si se observan las caractertsticas de templabilidad en aceite de los a' : ros
estudiados, quo son los de mds emplcc. en DINFIA, so deduce que no satisfact,i
plenamente las ne~esidadcs do aceros, para piezas do diametros o esposores c;.
valentes, comprendidos, ontro 0 y 100 mm.

En efecto. on la lista seleccionada se observa que hay tres aceros quo tie
non tomplabilidadus similaros: 4130, 8640 y 4140, quc pueden emplearse correc-'I tamente en didmetros comprendidos entre 15 y 30 mm, Tamhidn entre 75 y 100 mm
hay dos aceros quo cumnplen satisfactoriamente las condiciones de templabi1~dad en

-LiO l 4340 v 33:35. Por otra parte, es do destacar que ninguno de los aecros
e-;tudiiado,- cubi e los requerimientos de los ditmetros comprendidos entre 45 y 75 n);
puc(s el aceio 8140 si bien tiene templabilidad tal quo puede emplearse para piezas

_- let-¶ '*- - -~ ________
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enitce 45 y 55 mm, es un acero especial para piezas nitruradas y su alto potrcenta,
ipde loiinc1 hace un, ribatriai oncroso, que no puede usarse en construcciones

comunes.

Lo breve mente reseflado indica, que paralbgrar seleccionar un grupo de ace
ros aleados, que satisfagan los requerimientos hasta 100 mm de dignietro o de es-
pesor equivalente, serl menester eliminar de los aceros estudiados los siguientes:

- IA 3335, que tiene templabilidad equivalente al. IA 4340, igual sensibik-
dad al. agrietamiento en el temple (temperaturas Ms similares), y
semejante comportamiento luego de los revenidos, en lo que se re
fiere a diforencias de durezas entre la superficie y el centro de la
pieza o barra considerada. Por otra parte, este tipo de acero,
muy empleado en los aiios pasados en la industria aerondutica, no
se utiliza casi en la actualidadl tanto, que ya no figura en Las Normas
SAE 1963. y en todos los casos es reemplazado por aceros de tipo
Cromo-Niquel-Molibdeno.

- IA 8140, por las razones ya expuestas de ser muy oneroso y de utilizaci6n
muy especial para piezas que -'eban ser nitruradas y en las que se
desea obtener durezas superficiales xnuy altas. En efecto, moder-
namente se aconseja utilizar otros aceros como el IA 4140Oy el IA
4340 para pie zas nitruradas en las que se quiera obtener durezas
hasta el. orden de HV- 600.

- IA 4140, por ser equivalente al. IA 8640, en 1o que se refiere a templabi-
lidad, siendo el IA 8640 un acero inns moderno y que como se obser
va. en los valores de la Tabla IV, tiene mejor comportamiento luego
d; los revenidos. Esto se manifiesta en las menores diferencias de
dureza entre superficie y ndcleo, todo lo cual indica mayor homoge-
neidad de su estructura debido probablemente al. cantenido de Nfquel.

No se elimina el acero IA 4130 a pesar de tener canipo de ac~cift similar al
8640, por ser ese acero empleado normalmente en estado N4ORMALIZADO, y por
utilizarse para piezas que van soldadas, para lo cual es un material que presenta
6ptimas condiciones.

Por otra parte, y para completar los aceros que se necesitan para piezas
hasta 100 mm, que deban ser templadas en aceite, con movimiento moderado, se
rd menester con siderar por lo menos otros dos aceros especiales o aleados, cu-

yas templabilidades cubran las necesidades entre 45 y 75 mm.

5ýe podrd seleccionar un tipo para templabilidad entre 45 y 60 mm, y otro
para 60 a 75 mm. Estos materiales deben elegirse entre los aceros mas moder-
nos, en lo posible de los del grupo Cromo-Niquel-Molibdeno.

En resumen, ccii siete categorflas do aceros pueden cubrirse fdcilmente
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las necesidades de pie zas que roquicran aceros especiales con tratamientos de b-o
nificaci6n y que pueden ber los sigruientes. TA 40.37 (O)a 1. mm de. di~metrn);
IA 4130 (15 a 30 mm para piezas de calidad que requieran ser soldadas y luego
normalizadas); IA Ak 8640 (15 a 30 mm); IA 3140 (30 a 45 mm); IA Xxxx (45 a
60 mm); IA Xxxx (60 a75 mm) y IA 4340 (75 al100 mm).

Por supuesto habrd que seleccionar los aceros para los didgmetros de 45 a
7'5 mm y determinar todaF sus caracterfsticas mecdnicas y pardmetros de tempLa
bilidad.

Los resultados obtenidos en este trabajo indican claramente la importancia
que tiene el estudlo exhauL~ivo de las caracterfsticas de estos materiales, de tan-
ta importancia en la industria moderna, y ponen de manifiesto !a necesidad de TI-
PIFICAR las aleaciones que NORMALMENTE se emplean en la industria, todo lo
cual tenderd 16gicamente a una radnlzcd ne ml2d o crsd os
truccidn, lo que en ditima instancia significa en todos los casos ECONOMIA.

Es neccsario aclarar que al establecer una serie de aceros como TIPICOS
ello no significa que obligatoriamente deben elegirse ellos para todos los trabajos
y que no pueden. utilizarse otras categorfts de lais que se tenga existencia.

Muly por el contrario esta serie debe servir para las nuevas adquisiciones
de una Enipresa (DINFIA, por ejemplo), pero eso no significa que no puedan em-
picarse los aceros que estAn en sus depdsitos, sino que se los debe utilizar previo
estudio de sus pardmetrosd tmplabilidad y previo andlisis de sus equivalencias
con la serie TIPIFICADA.

Los motivos quo impulsaron la realizaci6n de este trabajo se han visto amr
pliamente satibfechos conl los resultados obtenidos, que se cree, son convincentes3
y solo se pretexide (lue Ioe valores compilados, principal objetivo del trabaju., sir
van para quo ]os profe.bionales, tdcnicos e industriales del' pars adquieran clara
conciencia de la importanci-a que tiene el conocimiento de las Caracte rfsticas y
Par~metros de Templabilidad de los aceros, para su correcta elecci6n y aplica
cidn.'
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TABLA I

COMPOSICION QUIMICA DE ACEROS ES T UDIADOS

Designactin C Mn Si P S Cr Ni Mo AlI

- __ ____ I -OBSERV.1, A. S. A. E % % %x " IWO % % % %

3 I:1140 0,40 0,70 O, 20 O. 016 O, 010 0,70 1.44 -

3335 0,37 0,40 0, 17 0, 020 , 0. 008 1,10 3,30 -

4037 4037 0,38 0, 75 0, 16 0, 032 0, 040 0, 13 0, 15 0,21 -

4130 4130 0,30 0,48 0,10 0,010 0,010 0,90 - 0,20 -

4140 4140 0,37 0,41 0,07 0.044 0,015 0,96 0,18 0,15

4340 4340 0,37 0,56 0,15 0,032 0,027 1,07 2,25 0,24

8140 Nitra 0,40 0,42 0,12 0,035 0,010 1,57 0,09 0,33 1,02

8640 8640 0,37 0,71 0,10 0,021 0,008 0, 62 0,48 0,20

JI
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TABLA II

PROBETAS ,JOMINY: TRATA AAIElNTOIS TERMICOS " T-A" A SO DE GRAINC)

TRATAMIENTOS TERMICOS TAMARIO DE GRANO
Catc-
c ,ra , , TEMPLE REVENIDO No. OBS
i. A. j....ASTM

__ T r. er. Tliempo ,Enf. Temperat. ,Tiempo

3009

Agua 4009
8600 4509

3140 8309 3 0 m Mdtodo 5009 6 0 m 7
30m 550.

Jominy 6009
650_ _
3009 550

3335 870" 8159 30m "400 Q '6000- 60M 830m 4509 6509
5009

3009 5509
8709 40 604037 8159- 30m 400- 600 68
30m 4509,6509 6

5009o
- I 3009 550-0

4130 8700 8509 30m 4009 600- 960m 730m 450- 6500
500-
3500 5509

4140 885u 840Q 30rt 40012 6006-
30m 450- 650 c

500-0
350 o 550

8709 400- 60004340 8309 30m 4509 6509 60m 8

500Q

350- 550c
8140 900' 900 3 4009 60091

30m814030 4509 6502? 60r 4
i ~500_o

F-- 3509

8640 870 4306 8200 30m " 60m 73 0 fil550_9

650c
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FUN)IgAO DE PEQAS DE FERRIO FUNDIDO DE ALTO SILCIOIO COM
E LEVADA RESISTENCIA A CORROSAO. PARA INDTISTRIAS Q~rfMICA"

Cyro Gu-maraos()
Noriyuk! Sug~ya-na (

RESUMO - No presente trabaiho indica-se preliminarmente:
o i- ýstWrico, a conmposigao qufmica, as propriedades ffsicas e me
canicab, e a resistencia % corrosao dos ierros fu~ndidos de alto si
ikcio. Em scguida~ap-resenta-se a experiencia obtida no IPT na
fikiipao desse tipo de, Liga e cs esttielus realizados visando espe-

ci~mente: a desgaseifica( ao do metal e o tratamento t6zmico das
pegas obtidas -)ara,'vic'ar o aparecimento de tensoes interiias e a
raptura durante o iesfriarnento.

1. INTRODUCAO

As pegas de ferro fundido' contendo alto teor silfcio (14-16%) 'iem sendo,
jrroduzidas no Justituto de Pescfaisas Tacnoldgicas desde hl bern vinte anos. No
Brasil, tern-se notfcias de iniciativas particulares, tentando ease tipo de produ~ao

( Qufmicj;ResponsdIvel pela Secqao de Ferros Fundidos da Divisao de Metalur-
gia Jc, ýiistztutco ue P".Sx~isas Tecnoldgicas de Sao Paulo - Brasil.

*;Alano do 75 -ý kaf de Metalu rgia da Escola Polit6cnica da Universidadei de S.
"Paulo - "ssIkc~ate'-aluno .ia Se(;. de Feriros Fnimdios da Div. do Mct. do I.

LX.S. Paulo - Br~as.
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difieuldades encontradas na tdcnica de sua fundigao e, principalmente, pelo baixo
rendimento obtido em pe-as bcas. Ficou o IPT como remaflescente nesse campo,
nao deixando, entretanto, de exrrentar os tropegos apontados e de arrostar os
prejuizos do uma fabricagao sumainente deficitAria, para, fundamentalmento,
tanto, resolver urna questao, tdcnica, quanto pela necessidade de suprir o mercado
consumidor do urn material praticamente inexistente e de tao ampla aplicagao.

o prasente estudo divide-se em duas partes distintas: uma que apresenta
urn levantamento bibliogrdfico, onde so encara o hist6rico, a composivao qufmi-
ca, as propriedades Mficas e mecaqiicas da liga e, notadamente, a sua resisten-
cia a corrosao, pelos reagentes qufmicos. A outra, a segunda, de caracter prAtico,
quo se dedic-a a estudar as condip00s de obtengao das pegas fundidas em ferr., do
alto silfcic. Nesta segunda parte, nossos estudos estao, novamentq divididos, %Ics
de quo, inie ?almente, procurainos mostrar toda nossa oxporiencia adquirida nos
ref-- ridos anos de trabalbo e, posteriormente, revelando uma sdrie do oxporien-
cias atualizadas e ultimamente rea,.izadas. Neste dltimo ponto encaramos os
dotaihos de nossc5 estudos de "desgaseificapao c tratamento tdrmico" que, corn
seus resulta&,s finais, possibilitaram concluir nossos estudos, por tormos atin-
gido urna t~cnica mais aprirnorada que, en resumo, nos mantern na atual posipao
de lideranpa na produipao de pegas de boa qualidade,

I. a. PARTE - GENERALIDADES

2.1. Histdrico

Os ferros fundidos do alto silfcio, extensivamente emprogados na indtls-
tria qufrnica, reprosentam uma liga de ferro contendo de 14 a 16% dL GilfCio,
al6m duma poquena quantidade de outros olernontos tais como: carbono, manganes,
f6sforo, enxofre, nfquol, molibdenio.

Atriblie-se sua descoberta, em 1908, a Jouvo, urn ruetalurgista, frances.
Suas propriedacies e processo d& manufatura forarn estUdados por Rossi, na ItAlia;
em.1910, foram fabricadas pegas fundidas, pela priyneira vez, pela firma Lennox
Foundry Co. Ltda. de iondres.

Quando, err 1912, o fa~ro fundido corn alto silfblQ, foi produzido na Ar6--
rica do Norte, sob o norne de "DURIRON", o gusa empregado (co'-- 15% de silfcio)
vinba do Londres para ser refundido pela Duriron Co., e 6 dessa 6jpoca em diant-"
qiic mncontramois o '-Dur-iron" aplicado grardemente no inddstria de Ac~dos, em p.,
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pas tais como tubos e conexoes, bombas e outras, para, as quals se requer urna
alta resistencia a corrosao aos lfquidos ou gases desse tipo de fabricagao. Na la.
Grande Guerra Mundial, foram produzidas e usadas urns quantidade imensa de
tais pegas, em pafses como a It~Iia, a Am6rica, a Franga, a Inglaterra e a
Alernanha. Ease ferro corn liga tern sido, vendido sob viriob nomes cornercials
tais corno: "Duriron, Ironac, Tantiron, Isil, Corc~iron, Elianite, Metillure,
Thermisilid e Tersilite"l, todos similares em propriedades e composigao qufmi-
ca(l).

2.2. Cornposicao Qufmica

A adi~ao de substancial quantidade de sillcio ao ferro produz uma sensf-
itbi redapao d~e faixa na qual o ataque A.cido se processa. Os ferros silfcio, de re
sistericia aos lk-cdos, cont~m entre, 14-16% de, silfbio e a liga entao possue as
meilhore.- propriedqdos de resistencia a corrosao e as melliores propriedades
rnec~inicas. A icomposicao exata de liga varia pouco, corn os diferentes fabri-
t.antes, tal conio indicado na tabela I, abaixo:

TABELA 1 (1)

Mprca Si% Ct% M~ % nh% Ni% Ca%

Hypersilid 14,50 0, 65 0,15 0,02 0,50 0,25 0,01

Dtiriroti 14,75 0,85 0,12 0,009 0,66 -- --

--orosiron 1',*,60 0,95 0,08 0,04 0,37 - -

Ta:Aftri 1j, )0 0,70 0,20 0,05 0,30 -- --

1roriat. 15,00 0,80 0,85 0,05 0,40 0,05 0,03

Isil 14. 3O 0,72 0,90 -- 0,31 -- 0,03

-hermisilid 1,5,50 0,55 0,13 0,02 0,57 -- -

Mlitill-ire 15,20 0,60 0,08 -- 0,90 ---
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2.3. Prp ae iia.mcncsed eitni a corropao

As propriedades fisicas e rnecanicas dos ferros, fundidos ao silfcio podem
meihor ser estudada~s se as cornpardrnos corn as de urn ferro fundido cinzento co
nmn e corn rnaterial cerarnico. Todos os tres sao aplicados, largarnente, corn
materiais resistentes a corrosao, na fabricagao de, Icidos, e sao interrnutaveis.
A tabela H, apresenta tal cornparapao.

TABELA 11 (1)

Propriedades Ferro- Fo. Fo. cinz 9 Cerarnica
Silfcio cornur

Densidade em g/crn3  7,0 7,3 2,2

Ponto de fusao QOC 1.250 1.200 1.450

Calor especifico 0,130 0,115 0,20

Coeficiente de expansao
(x 10-6) 12,0 12,1 4,5

Condutividade tdrrnica
(cal/crn/seg.) 0,078 0,110 0,0023

Resistencia eidtrica

(micro ohms/mi) 50 45 -.

Dureza Brinell 450 180

Resistencia a tra,~ao
(kg/mm2 ) 15,75 23,62 1,58

Resistencia transversal
(kg/mm2 ) 28,35 47, L -

M6dulo de elasticidade
(E--kg/'mm 2 x 104) 1,19 1,33-

A dens idade ou P. E. das ligas de Fe-Si abaixani corn a elevagao do conted1do
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de silfcio e os ferros sllfcio resistentes aos Acidos sao mats levee que 08 ferros
cinzentos. 0 ponto de fusao desses ferros 6 cerca de 509 C mats alto que urn fe-
rro trpico para a mesma finalidade, devido ao teor mats baixo de carbono. Os fe
rros ao silfcio possuem urna capacidade de absorver calor major que 08 ferros
cmnzentos, por~m, seij calor especffico nao 0 mats alto que o dos produtos cera-
micos.

Pela tabela, ye-se que essee ferros tern urn coeficiente de expansao simi
lar ao do ferro cornum (cerca de 12 x 106). Apesar de se erncontrar vArlos flume-
ros para esse valor, o indicado representa o mats exato e foi fundado em intire-
ros estudos do National Bureau of Standards, homologado corn estudos prdvios
feitos pelo National Physical Laboratories.

A expansao dos ferroeb fundiclos ao, silfcio, mantemse mais ou menos re-
,i.ar em torno de 10002 C, 1120 havendo af as anorma'idades gue sao ocasionada

por mudanpas de fase no metal. A velo,3idade de expansao vai aurnentando gra-
d.&alhierte corn a elevapao de temperatura e o coeficiente m~ddo de expRansao va-
ria de12, 1x 10-6 (a 2020 atQ 4 16, 5 x10-6 (a 700 9C). sendo qgie, em torno de
1000 ý' C. rna'temn-se mai s ou zpenos regular devido a j'. mencionada inexistencia

a~ a.-ormqtlidades causaoas oelas mudantas de tas:..

Conc-utividades tdrrnica - A aciicao de silfcio ao ferro, fundido, abaixa sua.
condutividade t6rmica, e, em termos de comparapao, c% ferro fundido re
sisternte a corrosao A.cida anreseiita uma condutividade de 0, 078 cal/cm!/
seg enquanto que urn ferro fundido cirizento comurn apresenta 0, 110 cal/
cm/seg, em temperaturas variando de 0 a 2009 C.
A condutividade eldtrica desses ferros :fundidos ao silfcio 6 tarnh~m mats
baix-a que os ferros corunus, em cerca de 10%.

Dureza - Os valores cotados para os ferros de alto sllfcio, rnostrarn-a
tendencia de se apresentarem mats baixos que a dureza intrfnseca (real)
da. liga, devido a micro porosidade comumente presente e orlunda. de
chupagens e gases internarnente retidos. Uma m~dia de dureza tfiAca, de
pe,-1 as cornerciais 6 de 450 DB, pordrn a dureza Brinell de urn lingote,
cuidadosaniente desgaseji'cado, fundido a vitcuo, em fornos de alta, fre-
quenciae. resiriados lentamente, 6 de 520 Brinell.

Resistencia e rn6dulo, de elasticidade - A dureza dos ferros fundidos alto
silfclo, afeta os resultaos de resistencia a tragao causando erros devido
a dificultiad.- c is segurar urn alinharnento perfeito nas garras. do maquina.
A RT mddia desses ferros fundidos 6 da ordem de 15, 75 kg/mm2 , sendo,
de cerca de metade a um, tergo das atingidas pelos ferros cinzentos. Os
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ensaios de resistencia transversal, podem ser executados em barras do
secpao circular ou quadrado e dao resultados bern precisos. Urn valor
m~dio tfpico 6 de 28,35 kg/mm2 . 0 m6dulo de elasticidade pode ser me
dido, por observagoe-Ze carga-deflexao, em, bai'ras sob solicitagao de
carga, transversal, da~ndo rosultados representativos rnddios de cerca de
1, 19 kg/mm2 x 104, para urn m6dulo de elasticiclade de ferro fundido ciii
zento, tornado como comparagao e foito pelo mesmo rndtodo do 1, 33 kg!
mm2 x 104.

Rosistoncia a corrosao - 0 grau do rosistencia, a corrosao das ligas
ferro-silfcio varia de acordo corn o seu contetido do silfrcio e atin-go altos
valoros corn porcontagens do silfcio acima do 13%.
Corno, padrao do referencia, ao so comparar a rosistoncia a corrosao
dessos forros fundidos (1) tern sido normal aceita1r corno limite de coeao-
sao tolerdvel, nina penotragao em gcido do 0, 10 rnm/ano. Se o ataque for
major, o material 6 considorado imprdprio.

a) Rosistencia ao Acido sulfdrico
Corn cerca do 14,5% do silfcio, as igas forro-silfcio tern suficien
te resistencia a corrosao ao A.cido sulidrico em todas as concen-
tra-oes e sob todas as temperaturas,, atd o ponto de obuligao nor
nial da solugao -Acida. 0 major ataque 6 constatado corn solugoes
a 6bulV!.ao, contcpc,-'o) de 20 - 30% do H2 S04, por peso. 0 aumento
de -,orrosao, do Ferro-Sidi~co resistante a Acido, ao Acido concen-
trado, 6 1.ulo Wt. inesn-.o a 2.10Q9 C. A f rio o ofeito do Acido suiftiri
co 6 menor ainda quo em temperaturas. elevadas. Corn todas as
solugoes do d.cido sulfdrico, a proporipýao inicial de ataque vai so
reduzindo cons ideravelrnente e assume urn nfvel balxo e esta~vel
depois do urn perfodo do varias sernanas.

b) Acido Nftrico
Corn e'ste d'cido, a volocidado de ataque nao 6 tao apreciavelmonte
monor, no tempo, quanto para o Acido sulfzlrico. 0 teor de siifcio
roquorido para obtor nina liga nao afotada polo H N03 dove ser
mals alto do quo 14%. 0 major ataque ocorro corn solugoes de Aci
do fraco (v. g. 5% no ponto do ebuligao) e a volocidado do corrosao
diminue corn solug00s do major concentragao, at6 quo 6 atingido o
limite do segurarna do 0, 1 mm/ano, do penetragao, corn nia so-
Ungao concentrada -:e 50%, por peso. Para una. completa resiston
cia a sok-goes quentos do Acido diluido, o teor adequado do silfcio
L& major quo 16%'. Para solugoeG contendo, mais quo 50%, as corn-
posigoos;.iormais edestses ferros fundidos sao satisfatdrias. 0 lei
do nitrico, em qualquer concoi~tragao, a teraperatura normal am-
biento, tern agao negligfvel sobro os forros normals corn 14,5% do
silfe io.
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C) PAcido clarfdrico
A resistencia dos ferros-silrcio, de composi~ao usual, nao 6 tao
completa para gcido clorfdrlco quanto para dcidos sulfdrico e nf-
trico. 0 ataque de solugoes, em todas as concentragoes, a frio, 6
fraca, mas a temperaturas elevadas, especialxnente para soluvoes
entre 20-30%o, 6 rapida. Deve-se elevar substancialmente o teor de
sllfclo para cerca de 17%. Essa elevagao corresponde, em efeito,
praticamente, a mesma qua 6 obtida pela introdugao de- 3,5% a 4%
de molibdenlo em ferros de 14,5% de silfcio. Esse tipo de ferro ao
silfcio 6 aplicado em quase todas as operajpoes corn dcido clorfdri-
CO.

d) Acido fosfdrico.
A temperatura ambiente, a imersao desses ferros fundidos, em
soluvoes diluidas ou concentradas, 6 negligivel. As temperatatras
elevadas, (v. g. , no ponto de ebuligao) , o ataque mantem-se baixo,
na mesma proporpo de umn Acido suiftirico de 20% e, sob tais con-
digoes, (0, 1 mm de penetragao/ano) os ferros fundidos ao Silfcio,
de teor nao inferior a 14,, 5% de silfcio., podem ser aplicados para
Acido fosfdrico, em todas as concentragoes, at6 300Q9 C.

E extremamente diffeil de se predizer e estabelecer urna lista completa,
onde as mais variadas condigoes de corrosao, na inddstria, possarn ser ei~contra
das, ainda mais, devido a que, emanuitos casos os ferros fundidos alto silfcio
ainda nao tenham sido apli--ados. AtA ond-- se conhece, as tabelas seguintes de
ngmeros III a VIII, resuinem as mais divulgadas. Nessas tabelas, o grau de ata-
que 6 simbolizado por letras, corn os seguintes significados prdprios:

A = Inatacado (perda por corrosao menor que
0, 00001 g/cm. 2/hora)

B = Ataque muito leve
(perda por corrosao entre
0, 00001 - 0,0001 g/cm. 2/bora)

C =Algum ataqueI
(perda por corrosao entre 0, 0001 -

0, 001 g/cm. 2/hora).
D =Ataqae definido (maior que 0, 001/cm. 2/hora)
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Resistencia aos dcidos

Acd10cetaa Grau de
Acid ConentrgaoTemperatura Ataque

Ac~tico Solugao 0,5% P. Eb. () A
ttIf 20 % P. Eb. A

it It 25 % 15QC A
It t 80 % P. Eb. A

tPuro 100 % 15QC A
it If 100 % P. Eb. A

Ac~itico (Eter) Puro P. Eb. A
Acetico (anfdrico) Puro 1520 A
B6rico Solugao 25 % P. Eb. A
Cftrico Solugao 10 % 15 Q0 A
Clorfdrico Solugao 5 % 15QO A

It 5 % 909 C A
it35 % 15QC B

If i 35 % 90OQC c
If It 35 % P. Eb. D

Cloresulfonico Concentrado 1520C- 702 C A
Cromico Solup~o 5 % 159QC A

ItIf 50 % 15QC A
it 11 50 % P. Eb. B

Fosfdrico Em todas concens. 15QC - P.Eb. A
Fluorfdrico Solugao 70 % 15QC D
Gdlico Solugao 10 % P. Eb. A
Hidrobromico SLk,! aO 10 % 1520 A

it Den~sidade 1,45 1520 B
Iit 1945 P. Eb. D

Nftrico Solupao acm-na 50 % P. Eb. A
It Em todas mme.ens. 15QC A
It Solugao Uabaio 50 % P.Eb. B

Ox.1ico Solugao 20 % i,5QO e P. Eb. A
O1-inm + 20% de S03 809C -1009C C
Pfcrico Sol. sat. en dlc~ool 15QC B
Suifgrico Em toda--azzccnccns. 15QC -P.Eb. A
5 U.Iftr os o Sol. Saturada 1520C ApTartdr'&co Solucao 25_% 15ýC - P.Eb. A

+ (P. Eb. -Ponto de Ebulipao)
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TABELA IV (1)

Resistencia a mistura de Acidos

Acidos CocnrpoTmea aGrau, de
Misturados Cocnr~oTmeauaAtaque

Ac~tico e butfrico Conce-; :rado P. Eb. B
Clorfdrico c

Sulfdrico 10%H C1+20% H2S04 70Q C A
Nftrico e

Sulfdrico To-a l's misturas 15QC - 1209C A
Fosfdrico e

Suiftirico 159C deH2 S04 110QO B

TABELA V (11)

Resistencia aos alcalis

Alcal'i Concentragao Temperatura Ga~ude

Amonio (hidrdxido) Solugao saturada 15 QC A
PotAssio (") Solugao 50% 15QC A

it (I) Solugao 50% 1309QC B
) Fundido 360Q C D

5-6: jo(carbonato) Fundido 900Q C D
(hidr6xido) Solagao 30% 159QC AI

( i Solupao 30% 120Q0C B
II (tt) Fundido 318Q C D
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TrArkPT A XVT 11%

-a..s V A I-/

Resistencia aos sale

Sal Concentragao Temperatura Grau de
Ataque

Alumen Solupao saturada P. Eb. A
ItFundido 2009 C A

Alumtioi (sulfato) Solugao aquosa em todas
as concentragoes At6 o P. Eb. A

Amionto (cloreto) Solugao saturada 15 QC A
(I) Solupao aquosa em todas

as concontragoes At6 o P. Eb. A
(nitrate) Solugao saturada AtE o P. Eb. A

(I) Sal puro fundido Fusao A
(sulfato) Solugae saturada AUS a P. Eb. B

(persulfato) Pura P. Eb. A
Cdlcio (cloreto) Dens. =1, 43 P. Eb. B

11(hipoclorito) Solurpao saturada 15Q C A
Cobre (sulfato) Solugao saturada 152 C - 100Q C A

it (cloreto) Solupao 10% P. Eb. C
Cromo (allumen) Solu( po saturada P. Eb. A
F errico (cloreto) Solugao 50% 502 C D

ft (sulfato) Solupao saturada 152 C A
Manganes (cloreto) Solugao 1% 152 C A

11 (It) Solurpao saturada P. Eb. B
it (sulfato) Solugao 5% 159QC A

Alercdrico(cloreto) Soluggo saturada 202 C A
Potdssio

(bitartarato) Solugao saturada P. Eb. C
Potdssio (cloreto) Solugao saturada P. Eb. A

it ( 1) Solugao satairada P. Eb. A
S6dio (bisulfato) Fu~ndido 2002 C A

(cloreto) Soluepao 20% 159C A
(hipociorito) Solugao saturada 20Q C A
(sulfato) Solurpao 10% 159C A

/,inco (cloreto) Solugao 30% 15QC B
ff 1) Solugao 30% P. Eb. D

(sulfate) Solu$gao 25% 20-9C A
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TABELA VII (1)

Resistencia a mistura de Acido corn sais

RegneComposipao da TeyeauaGrau de
Regetemistura TmearaAtaque

Adjdo nftrico + Bi- H N\03, sol. 20%!o
cromato de Sodio volume + Na2

Cr$ 207, 50 g/lt 159 A

Acido sulfitrico + Bi Em todas as con-
cromato de Sodio centragoes 60Q C - 90Q C A

Acido sulfdrico + H2 S04, sol. 5%;
cloreto de S6dio Na C1, sol. 10% 50QC A

Acido sulfdrico + Ha S04, sol. 10%;
sulfato de amonio (1•14) 2 S04,, 801.

saturada 70QC A

Acido suiftirico + Em todas as con- ath 100Q C
sulfat~o de cobre centrarpoe s

Ca C12 (5%) 1009 O A

t;wjdo suiftirico + Em. todas as con-
sulfite de S6*:Uo centragoes atd 100Q C A
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TABELA VIII (1)

Resistencia a varios reagentes qufmicos

Reagente Composigao Temperatura Ataqude

Alumfnio, fundido Alternapao dc. tmido
e seco Atd IOOQ C A
fdem 7009 C D
Condigoes atmosfe-
ricas Normais A

Bronio Vapor ilmido 159C B
Lfquido, puro 159C B

i it70QC D
Agua de Bromo, Saturada 159QC A
Cloro, gasoso puro 2090 A
Agua de Cloro saturada 159QC A
Per6xido de Hidro-

grenio, 20 volumes 159QC A
iocio gasoso 1009 C A
.Ycenol pureza 90% P. Eb. A
Agaa corrente Aerada 1590 A
Varo r At6 300Q0 A
Vapor + Oxigenio 5% de 02 1.009 C A
Urina, variavel 1520 A
Vinagre concentr. comner-

cial 15QO A
Zinco fundido 500OQO D

Ilustrarn-se, ainda, as variapoes de corrosao, corn diagramas deI --orrosao de ferros fundidos contendo 15% de silifcio, para gcido sulfdrico (fig. 1),
d1cido nftrico (fig. 2), Acido clorfdrico, a frio, e a quente, em v~rias concentra-
goes (fig. 3), em de ido clorfdrico a ebuligao (fig. 4), e A.cido fosf6rico (figura 5).

-- - "- - -- -
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3. 2a. PARTE - TEONICA DE PRODUCAO E CONTROLE DOS FER~g.S
FUND IDOS DE ALTO SILICIO - ENTERIENIA REUNWDA
NA FUNDICAO EXPERIMENTAL DOQ I. P. T.

3.1. ImRortancia de composic~ap gafrnica

3. 1.1. Importancia do conte(ddo de Cnrbono

Os ferros fandidos de alto silfclo contein carbono, e, corno
no caso de ferros clinzentos, o conteildo, de carbono, tem marcada
influencia nae propriedades de fundigao de lga. A presenpa de car
bono no ferro-sllfcio nos teores uauals, leva a liga ao ponto eutdti-
co. Des resuitados experimentais, na. fundigao, foi estab-.::cz-*, vum
diagrama de equlllbrlo, aproximado, qute corresponde a tuna secgao
plana. de sistema terndrlo mals c~orplexe, pordm, serve para Imdi-
car os resultados prdticos de maior importancia. A flgura 6, apr~e
senta tal diagrama.

Neste diagrarna ye-se que as condigoes de aqn-illbrio alteram-
se, para urn ferro contendo 15% de silflbo, e 0, 65% de manganes, nu-
ma faixa de conteildo de carbono de 0, 3% a 0, 9%. A aparencla de
grafita, no Ferro-Silfe~io, representa uma LUa indicagao para se
saber se a liga 6 hipo ou hiper-eut6tlca. As ligas hipo, eutdtlcas,
apresentam unia Ilgracita final', tipo de estrutura Ad bern conhecida.
e enquadrada na classificaipao ASTM como tipo D e E zarnanho 5 e 6.

A quantidade de grafita vai aumentando a prt.ý. !ao que se
atinge o ponto eutetico. Os ferros fundidos hiper-eutdticos cont~m,
em ad1pao a grafita fina, umna certa quantidade dp. grsfita prim~ria
ou em fl6cos tipos ASTM B e C nQ s 4 e 5. Se .ma liga fundida,
hiper-euthtica, for agitada enquanto esfria, separa-se urn Ikish"
e o restante do material apresentase-a mals baixo em carbono. Os
fldcos, de grafita, nlu .'r-ro agitado, aparecem. levemente menores,
porem, foi observado que o teor de carbono, nao ficou reduzido
completamente ao valor eutdtico.

Corn as ligas desse conteildo de sllfclo, e manganes e corn
carbono entre 0, 5 - 0,6% obtern-se urna maioria de peg&L "sas" e
corn menor tendencla, a defeltos como trinca a quante (hot tear),
etc.

3.1.2. Mýangaes (2)

Encontra-se nos ferros fund~d-or de alto sillico, usuals, emr
porcentagens que vao, de 0, 3 ) a 0, 90%, do que, £ao resulta aeipara-
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gao de fase. Tern, entretanto, alguma infiluencia. na estabilidade
de carbonetos e, urn alto teor de manganes, produz tim auni.-to
gradual da quantidade de carboneto residual na liga fuxidida, que
sao, pordin, decompostos por tratamento tdrmico (recosimento).
0 manganes influe, outrossim, para a melhoria das propriedades
mecanicas, sendo que o seu valor adequado iý o de 0, 60%.

3.1.3. F6sforo

Apresernta-se na foraia de dreas de fosfetos de ferro. E.-.sa
fase adicional, apresenta-se usualmente associada cor-n a fase de
carboneto residual (se presente) e parece exercer uma influencia
estabilizadora, neste tiltImo. A fase fosfeto, em. contraste coin a fa
se carboneto, sobrevive ao tratarnento t~rmico (recosimento). A
persistencia da fase carboneto sera discutida no capltalo reservado
ao trat - tO'rniico. Teores de i6s-foro atd 1, 4%k nao apresentam efei-
tos adversos sobre urn ferro fundido corn 15% de ailfcio e 0, 6% de
caricono, n.as i~esde que tern efeito esiabilizador sobre os carbono
tos, nao se .C-ve tc-lo aiessa ordern. Urn valor adequado de f6sforo
6 da orcomi de 0,3 . Corn teores maiores i~ue 1, 4c,, os ferros
iundidos alto silfcio, come.-an a ficar a-centuaclamente, .1iais que-
bradipos e apresentamn urn aumento no grau de inicroporosidade.
A -fluidez do m:etal eleva-se levemente pela. adipao de f6sforo, o
que significa ý,ue as pegas podem ser vazadas em tempoýratura mais
baixa. Urn defeito, tfpiuo e representativo da in-anor flixide3z do metal
6 apresentado, pela Ifig. 7, oxide se ye o mau encairnento, da pega
(Inisrun) devido a essa razao. Para corrigi-lo deve-se imediata-
-mente verificar a cornposipao cia liga, a temperatura de vazarnento,
o P-drero, e dimensionamento dos canais e atd, se necess~rio, au-
,-iclntar a seepao ia. pepa para lundipao.

3. 1. -. Enxof re - Cobre - Cromio

Sao cncontrados normalmente como elernqentos residuais e.
nas porceritagens apre.3entadas~nao tern influencia apreci;.vel nas
propriedades dos ferros fundidos alto silfcio.

3.1.5. Mollbdenio - Kfciuel

Co)r.io jdI referido (flern. R-a corrosao - em. FC1), o molib-
denio (cerca de 3,51,) eleva a resistencia a corrosao, be-n Comic
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meihora as propriedades mrecanicas, a frio a quente, notadamnente
a resistencia, ao chocpe, destes ferros fundidot3. 0 afquel, ina base
de 2%, entra como refinador do grana, melhoranido portanto as ca-
racterfstisa3 mecanicas das peepas.

3.2. Modelos e Projeto

Nao 6 somente o conhecimento ios caracterfsticos ffslcos e mocanicos da
liga que dao ao projeto uma garantia do aplicagao plena dos ferros fundidos; do al-
to sjlfcio. E*, tamb6m, necessirio de so anotar certos dados empfricos que vao
sendo acumulados da priLtica. Sao estes dados relati'vos, empreg~Aios na fundigao,
quo ditam, na majoria., as modificag00s quo- serao introduzidas no projeto e rola-
cionadas corr. os detaihes mais importantes para meihor oxito da kn!digao.

A alta contragao do solidificagao do metal (corca de 2%) e a sua fragilida.-
do, devem sempre ser consideradas quando, se projeta as pegas. Dove-se,, sem-
pre que posslvel, evitar pegas (como tubos, por exemplo) con grandos flanges em
cada extremidade, quo serve para rotor a contra~ao axial, livre. Outras vezes, a
retongao, Ce colltragao so dg. por urn projeto errado de canais. As figuras 8 e 9
uiostram, urn defeito muito comum, conhecido como, trinca a quente (hot tear), que
6 motivado por essa reten~ao de contrapao qt'e geralmente, so procossa quando, o
metal solidifca. 0 fator de maior importancia, causador desse defeito quo, aliado,
a essa contragao anormal, que 6 causad-a pelos moldes, mnachos o armagoes, 6 ge
ralinente o projeto. Podem ainda. influir as tensoes resichaiaj quo sao causadas, pO
la desmoldagem muito antecipada e consequento resfriamento r~.pido ao ar, sem a
transferencia, na temperatura certa, para o forno, de trataniento tdrmico, como
ser~. indicado. Evita-se esse defeito, por mojo do emprego, duma areja mais fra-
ca, pelo imediato afrouxamento do molde e machos logo apds ao vazamento, e, co
mo serfI descrito, pela transferencia para o forno de recosimonto. Quanto, em
certas fundigo0s, nao for possfvel o tratamento tdrmlco, dove-Be polo menos to-
mar a precausao do afrouxamento de xi&olde e macho e, quando a peepa permite,
introdaz jr-se tuma quantidado adequada de carvao, vegetal, internamente, deixando-o
quelmar lentainonto, corn a caixa serni-aherta, e para, mantor uma tomperatura
de resfriarnento lenta o mais possfvel quo tonta substituir o resfriamento no for
no0.

A fabricagao de chapas iinas, do grande troa, aprosenta sdrias dificulda-
des e, na pr~.tica, o comprimento da Area dove ser de &ias a tres vezes sua largu
ra, corn espessura do cerca do 1/15 a 1/10 da dimensao mals curta de chapa den- I
tro do certos limites. Ao famdir placas --irculares, dove-se introduzir perfuraepoes
em certo ntlmero. V. preferfvel, nesto caso, fundir a peg~a em duas metades se
possfvel.
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Corn superffcies planas. constitue uma vantagern se o centro da pe~pa pu-
dler ser reduzido, eta espessura, a 65%, em relapao a sua periferia. 0s recepien
tos foomo cadinhos, vasilhames, etc.), devem sempre ter rebo)rdos ou nervuras,
reforgos ou aletas, em torno da sua extremidade superior, o que, di maior espe.-
sstira de metal, no aro, de cerca de duas vezes aquela do resto da pega. Os furos
para pinos, rju safdas, ou outros corn o mesmo prop6sito, devem ser os mais lar
gc.s possfveis, devido a tendencia. dos pequenos machos de areia de se sintetizar
quaiito em contato corn as secgoes grossas do metal quente. Nao se, pode empregar
ch-apelins coma suporte, sendo portanto, de grande valia se o modelista oil proje-
tista pre-vir uma colocacgao adequada de tubos de safda, furos doi pinos e extrerni
dades abertas, que dao pontos suficlentes para suportes dobs machos. Urn apuro,
neste caso, redunda em, substancial barateamento nas pegas e reduzern o perigo
-:e rerdas, aldm de tomar desnecesstrio uma marcagao, extra no modelo.

.As pegas de ferros fundidos ao silfcio devern ser cerca de 25% mais gros-
sas q -:ý as normalmente especificadas para ferros cinzentos comurns, em, vista da

1fl~renga de resistencia rnecanica. Deve-se evitar varlagoes bruseas - sec.;ao,
pore-m, se absolutarnente necessarias deve-se reservar lugar adquado para per-

n ,ao fundidor, a colocajgao de resfriadores, coquilhas, etc., quando cia mol

3.3. Moldggem

Devido a sucetibilidade, dos ferros fundidos alto silfbio, ao hidro-
n.',todos os rncldes, de certa envergadura, devem ser feitos emr are;.a estufa

-a. Dex-e-se evitar areias corn resistencia. elevada, a firn de permitir urna r.4pi-
,'a quebra na desmoldagem. e razolvel colapsibilidade durante o vazamento. Em
*.utttras palavras: deve-se escollier urna areia cqle de o mieihor balancearra-to en-

~euma alta colapsibilidade e urna razolvel resistencia antes da pega ser vazadta.
U-na areia tfpica, para esse propdsito, empregada no IPT, 6 dada na ¶Labela 9.

Os moldes sao assentados em estrados metAlicos, em. bergo de areia de
.. iW ,.'ao, e o conjunto 6 levado a estufa para secagem a 250Q C, de preferencia a

'.iequc-nas pegas podem, as vezes, serem fundidas a verde.

A alta contrajpao de solidificagao .§a'-sses ferros fundidos, obriga urn projR
*) a os maci-os que Dern-.ta unia rlpicd. colapsibilidade, a firn de prevenir

*so'3ima p~ega, ao solicti-ficar, que pioduzern, tanto como jA referido na compo
.-aie jurniilca, as trincas a quente (hot tear).I ~Para machos retos, a~xiais, emprega-se barro moldado sobre uma fundi-

..ita do corda, de paiha enrolada num. cilindro de ago, perfurado em todo seu
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TABELIA LX

CompoentesAreia p/faceamento Areia para, machosCmoets(a verde) .1.AB

-Ar. S. Vicente M6diilo
90-100 g 1000 2000 2000
Ar. Usada g 1000 - -

Argila Jagana,, p6 g 100 100 200
6 1eo Qiticica g 10 10
Dextzina g 40 40
mogul g
Agua ml 100 100 100

(Caracterfst1vos
Umnidade 4,0 4,,2 4,8
Permeabilidade AFS 50 43 36
R - a compressao krg/cm 2  0,50 0,09 01,30
Deformna.ao %4,0 2,6 3,1
Escoabiidado AFS 78 86 82
ApOs esuaNLem diaxantte 3 h a 110Q C e a 220Q C, respectivamente
Permeabilidade AFS -70 70
R -a compressa. kg/cm2  12,65 8,44 11925
Dureza AFS - 82 76

OBS.:-
1 . Recomenda-se pintar o3 moldes corn tinta a base de grafita a frn de protege-

Los durante o vazamento. Uma tinta empregada corn exito, no IPT, 6: Grafita
k95% de carbono, mbftio) = 40 partes em peso; Avgila coloidal = 2 partes em
peso; Dextrina =2 partes em pe,3o; Agua =100 partes em peso.
0 Navy Reseaxch Laboratoriea - Whashington - DC - EUA, recomenda a se-
guinte composigao: Bentonita = 0,86%; Dextrina = 1, 3%; Grafita = 31, 1%; Ben-
zoato de .96dio = 0, 1% e Agua 66, 7%. Esta tbita deve apresentar urna Densid-a
de BauraO 30Q. .14 Vplicada por pincelamento cii "sprayer"~.

2. A colansibilidade do macho pode ser anmentada pela adigao de 0, 5% de serra
gem.

3. Uwa major permeabilidade pode ser conseguida pela utilizagao de uma arela

base mais grossa (m6e-ilo de finura AES = 60-70).
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comprirnento e superffcie, para ventilagio. 0 niacho 6 moldado ate sua fornia fi-
nal, assentando-se-o numa bancada e fazendo-o passar par urn gabarito desbasta
dor (por torgao). Para cotovelos e outros machos nao axiais, usa-se as arelas
indicadas, moldadas em caixas de mnachos cornum, de madeira. Os machos de
barro, sao secos em estufa a 150Q C.

Tubas longos - A fundigao de tubos longos, de pequeno e medio, diamestro,
apre~aenta-se sobrernaneira dificultosa., devido a necessidade de se evitar
as chapelins que, normalmente, nao caldeiando corn o material, deriam
faihas e porosidade. Neste caso, o macho tern de ser suportado nas suas
extremidades par marcapoes de macho nuiito mais extensas, que as em-
pregadas para machas de ferro fundido, comum au mesmo ago. Dependen
do de 0, sendo a comprimento, excessivo, 6 pi-eferfvel se fundir as tubas
em v~.rias secgoes, e depois, junta-las, par meja de solda. Quando se
trata de tubas fechadas em uma extrernidade, se pode, tamb~m, fundi-
los abertos e, posterlormente, fechl.-los par meio de solda. Para pepas

& em geral, deve-se aplicar resfriador-,s nos pontos onde a metal 6 mais
fino, tornado como, base, a media de espessuras da secpao transversal da
pepa. 0 emprego de canais finos, de distribuigao e, prmncipalmente de
ataque (entrada), representa regra geral para a filcil e expontanea separa
gao dos mesmas, e dos ma-palotes, mesma no resfriarner-to do me~tal. A
fig. 10, mostra urn defeito causado par urn canal inal dimensionado que fa
cilitando a sarda dos gases do macho, em pega de parede fina. provoca ao
ser retirado, urn furo coma na figura.

.3.4. Fundigao

3. 4.1. la. e 2a. Fusao.

Para garantir a hoinogeneidade do material, evitar-do urn
excesso de grafita, de silfejo, ou de gases retidos, recornenda-se
sempre umn processo de dupia fusao, ou seja, de se fazer uma Ln
gotagem prelirninar de carga, a qual 6, posteriormente, refundi-
da, feitas as corregoes necessarias na composigao qufmica, para
%vizamente no inolde. (3).

Essa tdcnica, entretando, devido 4F , c; digoes oxidantes
que predoniji. irn no forno (forno eldirico), onde ae. faz a primeira
fusao, aac d ': cesultados compensadores, pois, aldM da descarbo
nietaquo. existe urn descontrole n-o teor de silfcijo, obrigau&~ i;~i
acterto, antcs da segunft fusac, -Iue se tradu7: muito aneroso. Tcrc~

tando rnelhorar as cone.; oes tk p.hij-~fusao. conseguiLi-se 6ti-



mos resultados, por mejo, de controle da atmosfera do fornb, man
tendo-a rodutora, corn a adigao de 6leo combustfvel. 0 6leo 6 gote
Jado, durante toda a operagao, na banho lfquido e, a sua combustao-,
propfcia o ambiente re-dutor dosejado. Estamos fazondo, estudos
comparativos corn 6leo e corn CO (obtido corn gorador de CO),, para
se verificar qual o processo mais economico e oficiente, 08 quale
constituirao urn trabaiho a parto.

A quantidade de 6lec empregado, num forno eletrico trif~si
co, a arco de 1 tonelada de carga s6lida, para urna carga de 600 a
800 quilos, tern sido de 10 litros do 6100/hora.

Nestas condiepoes, o ferro fundido alto sillcio obtido, cuja
cornposigao m--dia calculada fol do Ct=O, 98; Si7=14, 3%; M~n=0, 70,
deai urna cornposigao, final (do la. fusao) de Ct=0, 65; Si = 15, 3 e
Mn = 0, 80, mostrando uma composigao plenarnente adequada para
o uso irnediato, quase cilepensando uma segunda fusao. Entretanto,
devido a retensao de teores ponderilveis de gases, o material apreý
senta-se poroso e mesmo corn aparencia hetorogenea e do grana,
que revela material de baixa qualidade. A~ isto nao se bbaoen-a de-
pois da 2a. fusaio, quando a fraitura do arn lingote mostra honmoge-
neidacie, qutase completa ausencia de boihas,, pr6prio, de material de
boa qualidade. Este ir atorial, do segunda fusao, apresentou urn
Ct=0O, 56; Si=-15, 3 e Wn=O, 70%, do que se conclue que praticarnonte
nao houve alteranan em re1l'cao corn a cornposig~ao de la. fusao.

Corn ossa tdcnica, reafirma-se, praticamente nao so teve
de fazor adigoes para corregao ia cornposigao qufrnica, o quo evi
denternente proporcionou, aiim da economia das adigoes, uma
mellioria. substancial na qualidade do material, apesar de ser love
renelte onerado o cust) por urn pequeno gasto de 6leo. A fig. 11-a e
b mostra respectivamente urna sec~ao de lingotes de la. e 2a. fusao.
Nota-se que a simples refitsao JAl contribui para uma homogeneizagao
do metal.

3.4.2. Importancia de tornperatura de vazarnento

A volocidade do eafriamento, na faixa do solidificagao, tern
efeito profwido sobre o tarnanho do grao de qualquor metal ou liga
e influe decisivamente nas suas proipriedadios mecanicas o Miscas.
Deduz- so, daf, quo a temperatura do fundigao tern uma influencia,
importante na velocidade do esfriamento, o quo torna obrigat6rio
controlar essa temjperatlira, dentro de limites pr6pr-ios, se desejar
rnos urna uniforrnidade no tamanho do grao na pega.

A& ficou demonstrado quo so ernpregamos alta temporatura
do vazarnento, hi. a tendencia da formagao do cristais colunares



grandes. De outro, !ado, uma ternperatura muito baixa prcduz: eis
tais muito finos. Nuna, temperatura intermedidria tern-se cristais
de grao moderadarnente fino, corn bons resultados para as pegas
obtidas. A temperatura adequada, para os ferros fundidos de alto
silfcio, varia entre 1. 220 9C a 1. 280-2 C (medida. corn pirometro
&ico, de filarnento, sem correj~ao), sendo que a temperatura mais
exata depende do tamanho e secpao transvcrsal da pepa.

Nas figuras 12A e 12B, apresenta-se urn defeito rnuito co-
mum em. pe-as desse tipo de ferro fundido, proveniente de urna con
tragao desigual, produzida. por uma variagao de temperatura e de
alimentagao do metal i.o molde, que dA ocasiao a forrnagao de cris
tais colunares oriundos de urnqa r~pida solidif icagao do metal lfqi- I
do. Este defeito 6 mais frequente em pegas mais finas, que sao
vazadas de ternperatura. relativarnente alta, em moldes que apresen
tam efeito coquilbante (ou que dao resfriarniento brusco), e tamb6rn
quando se usa moldes a verde. Aparecem, como uma fratura,
atravds de urn piano, e associado corn a jungao de duas ou mais
-rentes de cristais Colunares. 0 piano referido, pode inclu i±- aind'a

amra cavidade de contragao do tipo interdendrftica, dc-,ido ao rdpi-
do crescimento dos c~ristais, no ponito de solidificagao, que evita c'
enchimento completo e uniforme do molde. Dove-se corrig.-r ine~-
diatarnonte a temperatura, de vazarnento ou a veloc'idade de vazamen
to no molde. Reduz-se a possibilidade de coquilliamonto do molde,
por mejo de seu revestimento, adequado (tintas, etc.). Deve-so ain-
da, empregar areia e.ýtufada e uma verificagao e meihoria do proje
to e modelos, no sentido Uce meihorar as condipoes de alimeantaq~ao.
Em ditirna providencia, oxarnina-se a liga quanto a impuroza
quo possam estar inf luindo para tal defoito.

3.4.3. Iniportancia do conteddo do gases

Urn dos piores problernas, para a producao do pegas I'sadias??,
6 o representado polo corntoido do gases dissolvidos. Nas ligas ao fe
rro furndido alto silfcio, como em outras ligas forrosas e iiao fcirr.o-
sas, a solubilidade dos gases 6 muito, maior no estado de fusao 6o
metal do quo no seu estado s6lido e, nas tein:eraturas dle solidif,,ca-
,;ao, cs-scs ga.~es sao liberados. Se isso ocorier na tenipcratura CC
solidificapao, do metal, no inolde, o g~Is cstarA muito mais sujeito a
sor retido nesses ferros funLdidos ( c alto silfbio, visto ostes se-eiii
diferentes: da majoria das outras ligas fundidas, p)or possuirirn uilaN ~variagao do solidificaipo muito mais estreita. Lembre-so clue as
curvas lfquidus-solidus do sistema bindIrko Fe-Si sao qUase coinc4-
uentes nas porcentagens significativas de silfbio; julga-se ser, pr-
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vavelinente, essa estreita variagao de solidificapao o fator inibidor
mais importante de libera;!ao dos gases dissolvidos, duraflte o re~s
friamento.

'1&rias experiencias jat realizadas tern demon.. rado quo a
porosidade, devida a gases nas pegas, 6 produzida, par urn efeito
combinado, de rnon6xido de carbono e hidrogenio, sendo este dIltimo
a causa prirnaria do mencionado efeito. 0 volume de CO despreeri-
dido de urn corpo de prova retirado, de uma pega s6lida, submetido
a urna atnAlise par fusao fracionada, a vacuo, foi da mesma ordem
que o volume de hidrogenio, concluindo-se que ambos coexistem.
em descontinuidade no metal. Ficau demonstrado que pe~as "fsadiasit
tern, invariavelmente, conteildos de hidrogenio inferiores a 2 ml/
100g, enqiaanto que, aquelas que apreseatam porosidade evidente,
dao valores que atingem, em. muitos casas, entre 10 a 12 m.1/100 g.

Absorcao de Hidrogento

Analisando-se os fatores provaveis que inf luern no aumento do con
teddo de hidrogenia no metal deve-se ressaltar a seguinte:

A, sucata de aco, limpa, e seca, urna das materias prirnas emprega
das, tern urn conteddo do Iddrogenio de cerca de 1 ml/lO0g. 3~s ferros-
lIgas, podem ter atd 9 rnl/1O0ig. Mesma, usando-se materias prirnas lrn-
pas e secas, tem--se urn excessa, na carga, de urn mAximo, de 3 mI/b00g,
al~rn do maxlimo aceitA~vei que 6 os 2 rnl/1O0g, ja indicado. Pode-se ainda.
ter-se absorg~ao de hidrogenio da umidade remanescente nos revestimen-
tos dos fornos e panelas, e Dos moldes impropriamente secos. Daf a cui-
dado especial a ser dado as matdrias primas, etc., e ao retina no forno, pa
ra assegurar urn metal Iivre, o mais possfvel, de concentragoes deletdri-
cas de gas.

As figuras U.a a 13b, mostram. sec~oes iraturadas de pepas onde
se veein as c~avidades causadas par gases, e a figura 13c, urna pega (car
capa do bornia) em queoa mesmo, defeito se apresentou superficialmente,
na parte superior da figura (no pescogo da pega).

Tdcnica do desgaseificacao

0 meia mals efotiva de se ovitar essa influoncia ncciva dos gases,
coma Ls dbvio, trata-se do exocutar uma desgaseificapao. Essa consiste
em a;'licar, no matorial lundido, o borbuibamenta de gases inertes quanto
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qm-,to ro metal, como o cloro, o nltrogenio, o miondxido (de carbono e/ou
a mi3tura de nitrogenio-mondxl~do de carbono: tornando-se como base ri
crnpara;:ao o mesmo metal obtido sem desgaseificamao e o material ft~.-. Ii
do seb v~ruo. A fundigzo sob v~cut produz lwni material suficienternente
desgase~ffcado, mas reqiaer nao s6 a respectiva, bomba de v~cuo como tam
b~in fomno de indugao adequado, inclusive para permitir a e-olocapao de
uma campanula pr6pria para se produzlr o erAcuo necess~rio. Trata-se,
pols, de operagao dificultosa e de aplicagae pr~tica pouco efetiva. No IPT
estamos consrka~ndo essa companula para aphaci.-la nlos estudos c -nipara-
tivon que twemos em mente.

Em ciada experioxicia, referente a desgaseificagao por urn determi
naci gAs, aplicou-se tres tipos de moldes, ou zejam: feito corn refrata-
ria3; moldes de areia estufada; moides feitos corn areia a verde. Cada
torbulbarnento foi executado corn dois tem'pos diferentes, ou sejam: com
5 e cumn 10 minutos, tomaindo-se como base urn volume consta~nte de gcAs
borbulhado. A comparagao entre os tres moldes diferentes 6 justificada
pelo fato de que os molcies de refratArio, seriamx livres de gases, desde que
sao feltos corn tijolos refratArios e rejuntados corn massa plastica inorga:
nica, perfeitamente secos em estufa a cerca de 25 0 C. Os moldes de
Fareia., estufados, contdm uma quantidade de umidade baixa, quase nula, A

e os gases gera~dos no vazamento serao os de decomposigao, dos aglome-
ra~ites organicos presentee na areia, os quais geralmente exereem suaSI
influeacla na fundigao normal e podern ser absorvidos pelo metal lfquido.
Os moldes feitos corn areja verdC, aldrn de possuirem os mesmos gas _s
que os estufados, tern ainda umn grd.u de urnidade tal que pode fornecer
urna maior quantidade de hidrogenio, etc., reproduzindo portanto, as
piores condi~oes para vazamento do metal. Evidentemente a cornparagao
feita corn o material vazado, nas mesmas condigoes, mas que nao foi des-
gaseificado, nos mostra a influencia dos gases do metal, e a fundigao feita
sob vgcuo, nos d.1 a comparagao corn umn metal nas melbores condipoes de
desgaseificapao. Estas duas dlitimas condigoes representarn condigoes
padroes de comparagao.

A tdcnica do produpao e borbulhamento do gases foi executada, ser
vindo-se de: Cloro - em torpedo; Nitrogenio, - em torpedo; CO-obtido em
gorador de CO, conforme projeto do IPT. CO+-N2 - gerador de g~.s, tipo
gasogonio.

Os metodos de medida do- vasao de gAs, foram foitos por mejio de
manomatros, ada-0ados Jirctainenle na tubulagao de saida dos torpedos

ou dos geradores tie gas, a Cim de se te:. urna qiuustidade constante (volu-
me) de gas, para cada gAs, horki!ha~nzK- uo m-ýtal Irollido. Essa'.vasao
correspondou a 1. 416 litros de gas /I0- a ott 21. S~ It/rniinuto.



A inedida de tomperatura de fusao e vazamento de liga, foi feita
corn pirometro 6tico e, para todos Os casos, fol mantida em: Fusao no for
no antes do vazamento = 1. 380 QC - Vazamento no molde = 1. 260Q9C.

A
A comnposigao qufrilca de liga, feita por c~lculo de carga, fol con-

trolada por anAlise qufmica.

Para a sdrie de experiencias, fol estabelecido corpos de prova corn
as seguintes dimensoes: espessura 10, 30 e 50 mm; largura =50mm; altura
= 140 mm; assim feitG para reproduzirem ab variagoes mais usuals das pe
gas, mgximas, rn6dias e mfnirnas, bern como, vara caberem na miquina de
ens aio de dobraniento, existente no IPT onde era~m fraturados posteriormen
te, sendo as superffcies de fratura examinada-s quamto a gases. Essas su-
perffcies fraturadas foram retificadas e polidas, como para macrografia,
para. observagao e divulgagao.

Devido a impossibilidade momentanea. de se medir o teor da gases
retidos, por an~lise gasorn6trica no metal, usamos controla:. a desgaseifi
cagao por crmnparagao, entre corpos de prova, de sua superffcie. Entre:-
tanto, anteriormente jI. havfamos dosado gases em ferros fundidos alto si
lfcio, no estado bruto do fusao, e obtidos no IPT,, que revelaram, em mddio
de 4,9 a 6,C ml/lOOg H2. Isto nos deu a indicagao de que ;rtlarnos de ma
teriais js1. corn relativo baixo Mnice de gaseificagao, por , aclina dos 2
mi/100g aceitavel, As experiencias executadas revelarv que para meiho
res conclusoes deveremos gaseificar propositadarnente o material para
podermos ter uma observagao me~rnor desde que Tiao podemos realizar a
anAlise qufmica. Outro ponto revet ado pela experiencia. 6 que o cloro nao
age como desgaselfficante eficaz.

Dos outros gases, o N2, o CO P a mistura CO + N2, mostraram-
se equivalentes em capacidade de desgaseificamao, sendo, que o ditimo,
parece ser mais economico, devido a sua f~cil obtengao por rneio de urn
g~s genio comum. Outra cuncluaao 6 que os tempos de borbulhamento, de
5 e 10 minutos, sao equivalenteii em eficiencia., podendo-se, portanto,
adotar 5 minutos como mlis ecoikomico. A vasao de gd.s pode ser aurnen-
tada, prodtizindise urn borbuihamento mais intonso, pordm, a prescrita.
jAI dA. resultados satisfatorios, al6m de garantir uma seguraxipa de opera
gao, Bern 0 perigo de projegoes de metal lfquido par& for& do forne.

Outro panto 6 que a proporgao que a espessura Jirninue a dosga-
seificagao, 6 mais eficiente a ponto de corn 10 mm,, e)-i tod')s os casos,
tor-se conseguido urn material. aparente isento de gds.

A figura 14, apresenta urn codte de corpo de prova, mostrando:
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1) urn material sern desgaseificaipao.
2) urn material sujeito a borbuiharnento corn cloro.
3) urn aterial desgasei~ficado corn nitrogenlo.
4) urn material desgazeificado corn mondxido de carbono.
5) urn material deagaseificado coin CO + N2.

3.5. Tratamento t~rmico

3. 5. 1. Introduea

As trincas, sob tensao em servigo, sejam expont~neas ou.
prematutras, tanb~rn nsa representarn urn fenomeno desconhecido,
veja-se por exemplo, as trincas expontaneas que ocorrem nos lin-
gotes de ago, conhecidas como "Itinido" (clinking) e fenornenos
iguais, que sao, atrubufdos a tensoes internas produzidas durante o
resfriarnento a temperatura ambiente. A resistencia, a fratura, dos
ferros; fundidos alto silfcio 6 substancialmente mais baixa que nos
agos e, por comparagao, seu valor de dutilidade a temperaturas
normais, medido em termos de alongarnento e reducao de drea, e
praticarnente nubo. De outro lado, sua contragao 6 elevada e da
ordern da. dos agos, podendo-se logo concluir da amplitude das ten
soes que podem. ser produzidas nas pegas quando do resfrianiento.
Antecipa-se, pois que nos ferros fundidos alto sllfcio, as manifes
taqgeB de tensoes sao mate frequentes e fica certo que se as pegas
desses ferros fundidos, estiverern livres de tensoes internas, ou
se a rnagnitude dessas forem de ordern tab que fiquem entre bimi-
tes razo-Aveis, dentro da capacidade de resistencia da liga, mesmo
em condi;:oes de operagao, e entao as trincas, sejam expontaneas
ou prematuras, nsa deveriam ocorrer. Corn esta finalidade 6 que
se processa a desmoldagern a quente, das pegas, e o subsequente
tratan.anto tdrmico, que assegura a ausencia. de tensoes residuais.

3,5.2. Rec'osimentc

Do estudo feito sobre o diagrama de equilibrio bind~rio das
ligas de Fe-Si, fica aparente que, para os ferros fundidos res is-

tentes a corrosao pelbos Acidos, na regiao de 15% de silfcio, nsa se
processa nenhuma rnudan;:a de fase na liga sdbida. Eniquanto nao f;
quern plenamani.e esclarecldos os estudos sobi e o sistema ternlrio
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Fe-C-Si, todo o trabaiho feito, at6 entao, mostra que nas ligas ho
mogeneas, a dnica fase de sillcio 6 a fase oc (alfa).

Considerando-se sob este aspecto a finalidade do recosi-
mento fica sendo umn tanto obscura,, a nao, ser como urn simples
tratamento de alTvio do tensoes. Varias exporiencias relatadas na
litoratura, como o fitc do examimar as propriedades mecanicas de
deflexao, dos ferros alto silfeic., nas tomperaturas do recosimonto,
mostram quo a deflexao Inicia-se a 650-750Q C e 6 progrossivamen
te major corn temperatura mais elevadas; olevandose rapidamente
noote infcio e diminumndo depois do urn certo tempo, apresentando,
uma anomalia a 700 Q C, onde a barra dobra em diregao oposto a
carga aplicada. Esse resultado foi interprotado como evidencia de
tensoes internas, no material bruto do fusao. A deflexao perrnanen
to, devida a tensao aplicada, nas temperattiras do recosimento,, em
vez do ser uniforme, em quantidade, na Jireqao da forga aplicada,
foi acrescida. ou diminuida do uma quantidado adicional dovida as
tensoes mnternas. Sob essas circunstancias, a magnitude dessa ten
sao interna foi suficiente para. apresentar a deflexao nogativa. Os
mes moo pesquis adores mostram quo as temperaturas mais altas
quo 700 9C, os ferros fuiriidos, em. questac, apresentam urn alto
grdu do plasticidade e resiliencia, tornado como termo do compara,
gao corn os caracterfsticos prdprios a temperatura. ambiente nor-
mal. As temperaturas mais altas quo 800 9 C, rovelam urn arnoleci
mento execesivo quo possibilitam. urna distorerao das pegas. A resi1
lionda dos ferros alto-silfelo, em. tais temporaturas, nos dM uma in
dica~ao para seu manuseio,, quando so o dosmoldzh. para levit-los aos
fornos do tratamento tdrmico.

Os ferros alto silfcio, apresentam. poquenas quantidades du
ma fase do urn carboneto, disperso ao acaso atravds do toda a see
qao transversal das pegas (figura 18),, quo 6 insta~vel e facilmento
decomponfvel polo tratamento tdrmico. A presenga dessa faso,
naas pegas,, foi reconhocida corno fator principal do possibilidade do
trincas em. servico.

A adogao dum recosimento 6 imprescindlvel para, a elimina-
qao do tensoes internas, bern como para a eliminagao dos carbone-
tos instAveis.

Neste tratamento, as peg"s sao removidas dos moldes,
quando ainda, sdlidas, por6m, ao rubro (tem.= 600-700Q9C) e antes
quo as tensoos do contragao tenham. tempo do so manifestar comn-
pletamonto. Faihas ou erros nesta regra, dao geralmente pegas
trincadas. 9 importante remover-se os rnagalotes e afrouxar. ou
remover os machos, eliminando ao rngximo a arola, antes qao a
temporatura atinja, 800 Q C. imediatamente as pegaz sao colocadas
em urn forno el6trico (ou a 6100) mantendo-se-as a temperatura, de
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800Q C, por 4 a 5 horas, seguido de urn resfriamento lento no forno
ate a temperatura amblente, num perrodo de 30 horas o qae ft apro
xirnadamenie urna queda de 20-30 Q 0/hora. 0 ciclo de tratamento
tdrmico 6 crftico, como jI. referido, para as propriedades ffsicas
e mecanicas do material. Experimentalmente JO. ternos aplicado ye
locidades de resfriamento malores que vao ate- 4C c C/hora, corn re
sultados satisfatdrios. Em segundo piano, parece existir urna con-
tragao dupla em torno, das temperataras de 200-400 Q C (mais exata
mente 280 Q C),, onde o material apresentaria 2 plcos de contraqao
diferencial, o que obrigaria a umn resfriarnento bern lento nessa
faixa de teme 3raturas. Sao duas experiencias que se pretende rea
lizar: a) Ver ficar qual a queda crftica de temperatura de resf: *a-
mento; b) Verificar onde se localizr~~ ... picos de dupla cont a-a-
gao.

De outro lado, o tratainento tdrmico dita a rnanutengao por
4-5 horas no forno e a literatura experimental 6 ornissa onde deve
nia esciarecer, se o tratamento tdrmico pode sen feito em 1 ou
mais horas, em fungao da espessura da pepa tratada. Ternos feito
tratanientos de 1 e 2 horas, corn resultados perfeit-amente satisfa-
tdrios, em pepas de secgoes as mais variadas. Daf, necessitarinos
estudar mais em detaihes esses tempos quo, obviarnento, af eta di-
retamente a oconomia do processo de tratamento.

3.6. Lirmpeza - Rebarbacao - Us inagem

As pegas em ferro fundido alto silicio, se apresentamn geralmonte razoa-
volmente limpas de areia e, em alguns casos 6 necessa~nio submete-las a limpo-
za por jato de areja ou abrasivos metAlicos, inclusive para meihoria de acabarnen
to superficial. A rebarbagao so procossa normalmente, corn os esmeris adequa-
dos, nao nepresontando maiores dificuldados. Devido a sua alta dureza 6 pratica
geral executar aigumas operacoos de usinagorn por meio de retifica, corn rnqui-
nas e fenrarnentas adequadas, corno por exemplo, carburoto. As operapoes de tor
nearnento, acabamentos do furos e faceamento, podem ser feitas rapidam~nte, por
qualquer mdtodo, corn o devido equipamento, devendo-se porisso, proven as fura-
goes, etc., pon meio de machos, na fundipao (4),

3.7. Solda

Os forros fundidos alto silfcio tern boa capacidade de solda o que repre-
senta uma vanta -- m Dara se poden adapta-lo as oxigoncias dos projctos e de mon
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tagem das peS as.

Deve-se dar preferencia a solda oxi-acetilenica obedecendo, a seguinte Wec
nica de operag~ao:

Preaquecirnento: Aquecer a pe;:a a 700 Q C, antes de infcio da solda. Essa
temperatura deve ser mantida em, torno da solda atd ser completada.

Fluxo: Consiste nurna mistura, em partes iguais, de Ferro-silfcio, ferro-
manganes e borax.

Chama: Levemente oxidante: Evitar charna neutra ou redutora,, a fim de
nao introduzir hidrogenio no metal fundido.

Eletrodos: De ferro fumdido alto silfeto, produzidos na fundigao, obtidos
em. molde de areja.

Recosimento: Depois de completada, a solda, a pega deve, obrigatoriarnen
te, ser inantida em. forno, de recosimento, a 700-8009 C, por urna hora e
esfriada lentamente, no forno, atA a temperatura ambiente, a fim de evi-
tar trincas devidas a tensoes; residuais.

Devido, a alta importancia que tern o teor de silfcio, para a resistencia, a
corrosao dAcida, a sua deterrninaao, deve ser cuidadosamente procedida. 0 m6to
do seguinte, tern sido empregado com. sucesso, e adotado pelo nosso laborat6rio:

Pesar 0, 9344 g de amostra. e transferir para urn bequer de 150 ml.
Adicionar cerca de 1 g de cloreto de amonjo, e 10 a 15 ml de reagente bro-
mo-Acido, bromfdrico (1:10); manter o bequer por 30 minutos no banho,
maria e mante-lo a! atO completa. evaporag~ao. Depois. de seco, por mais 1
hora, adicionar 15 a 20 ml de acido clorfdrico, agitar o conjunto,, deixan
d~o a silica decantar e filtrar entao em papel Whatman 40 de 12,,5 cm de 0.
Reserva o filtrado. Lavar o papel e a silica, corn Acido, clorfdrico quente
(sot 40%) e depois corn agua quente, Wt livre de ferro.

0 precipitado e o papel sao transferidos para um %.adinho, de platina, calci
nados e a pureza da silica residual 6 determinada, por meio, de Acido fluorfdricoI
em presenpa de Acido sulflirico. 0 filtrado que foi reservado, 6 evaporado, a secu-

ra em banho maria e o resfduo 6 mlsturado corn 20 ml de Agua distilada e o bromo,



eliminado por meio de oxcesso do Acido nftrico. Depois de elirninado todo o bro-
mo, adicionar 25 ml do ~cido percldrico (a 60%), cobrir o bequer corn vidrio de
rel6gio e aquecor a fumos branoos, mantendo por 30 minutos. Resfriar, diluir
corn 150 ml de Agua fria, filstrar, recuperando, toda a silica residual, trata~ido-a
da mesma maneira quo o precipitado. Qualquer silica residual dove ser acIciona.
da a primeira silica procipitada.

3.9. Microestrutura dos ferros fundidos alto sillcio

A micro-estrutura dos ferros fundidos alto silfclo, como so prove polo
diagrama bind.ria Fe-Si, dove apresentar nina dnica fase constitufda do nina so
lugao sdlida do silfcio na ferrita, on soja uma fase alfa ou silico-forrita, confor
me a figura. NQ 15 (5),. 0 carbono na liga apresenta-se na forma do grafita que,
id. roferido, pode ser em. flocos, do tarnanhos variados, ou finamente dividida,
do tipo reticular, normalmoente class ificada c omo grafita de superesfriamento,
on ainda, na forma acicular on em bastonetes, conforme ilustrados res~poctiva-
mente nas figuras 15,, 16 e 17. No caso do ligas do carbono relativamente mais
alto (que o ncrmal), durante a solidificapao, a grafita em excessoa sobre nada a
superffcie do metal lfquido na forma do "Kish", alids como apontado na figura 6
(diagrama do equilibrio). Corn teores menores, tal separagao nao se dl.

Os ferros fundidos em questao, podem apresentar uma segunda fase cujo
exemplo tfpico 6 apresentado na figura 18, e tern a aparencia do cernentita, dis-
tribuindo-se ao acaso, no sentido da espessura da pega. Essa fase, como mencio
nado no ftern do tratamento t6rmico, desaparece por urn recosimento, a 8009 C,
durante 1-2 horas. Urn aquecimento r~pido, atravds da faixa do variagao de sol-..
diffic-agao, parece contribuir para o anmento dessa fase-carboneto.

A figura 19, ilustra urn forro fundido corn 17% do silfcio, apresentando,
urna estrutura dupla, onde so ye a segunda fase tipo-cernontita.

Os ferros fundidos contendo alto teor de f6sforo, mostram ainda uma ter-
ceira fase-fosfato, que, corno j.1 referido, nao 6 decomposta polo tratamento t~r
mico e 6 ilustrada. na figura 20.

Devido a dificuldade do so atacar, metalograficarnente ess.e carbonclo, pe
1o reagente normal einpregado para o ataque do cernentita, on soja, a picrato do
s6dio a quente, a literatura (5) refere-se a urn mdtodo do identificapao destes,
pr xneio de an.lise qufmica, deste quo umrniecosimonto os decornpoes ern grafita,

a ulpode ser facilnionte availiaiia pola an~lise.

Urn corpo do prova, teinperado em agna, foi analisado antes e depois de



urn recosiniento a 800 Q C, por 2 horas, e os resultados observados, dando uma
prova satisfatdria de que a fase em discussao 6 urn carboneto, e que o produto de
sua. decomposigao 0 gra~fita. Assim teve-se:

Ct antes da, tempera em fgua. 0, 50%
Cg t? 11 ti it II 0,12%
Cg depois do recoslrnento 0947%

Como JA mencionado e resumido, tern-se as seguintes varilveis que in-
fluern na, quantidade e distribuigao da fase tipo carboneto ou do complexo carbo
neto-fosfeto:

a) Felocidade de resfriarnento do estado llquldo - Aumento da.
quantidade.

b) Conteddo de carbono - Variagao, de quantidade corn varlavao, do conte~ldo
de carbono.

C) Manganes - Efeito estabilizador de carboneto - Em porcentagem
major que 2% produz aurnento considerdve1 de carbonetos. 0 tra,
tamento tdrmico decornpoe o carboneto remanescendo fosfeto es,-
tgvel.

d) F6sforo - Estabilizador de carboneto - forma nilstura. eut~tica.
complexa, de carboneto-fosfeto. 0 tratamento t~rmico decompoe
os carbonetos remanescendo os fosfetos indecompon~veis.

e) Molibdenio - Estabiliza, os carbonetos.

f) Nfquel - Dirninue a estabilidade dos carbonetos.

Devido a alta, resistencla, a corrosao, encontra-se sdrias dificuldades em
atacar os corpos de prova desses ferros fundidos, para, ensaio metalogrifico.
Existem vg.rios estudos a respeito,, na. literatura, mas, sua, aplicagao prdtica no
laborat6rio, nern sempre surte os efeitos desejados. Estamos estudando ease
problema, mearno em comparagao corn ataque eletroiftico, e a divulgaremos em
urn prdximo trabaiho que estaxnos realizando.
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4. CONQIJJSOES

Pelo apresentado neste tr-abalho, podernos concluir:

1. 0 conhecimento das propriedades ffsicaz, e rnecanicas dos ferros fundidos
de alto F,!P'cio, da sua finalidade de aplicagao, da inelhoria da tdcnica de
trabalho e pritica de fundipo, J&. nos permite obter, corn born rondirnento,
pegas de boa qualidade, para aplicapao industrial. A figura 21, mostrando
pepas sas, das rnais variadas formaa e envergaduras, traduz o exito de nos
sa experiencia no carnpo da fundijpao destes ferros fundidos especiais,

2. Na fundigao de, pegas de ferros fundidos de, alto sflfcio 6 aconselh~.vel ob-

servar as seguintes normas:

a) Controle rfgido e, sistemgtico da composipao qufmica da liga.

b) Aplicaqao da t6cnica de, duas fusoes, antes da fundigao defmnitiva das
pegas.

C) Estudo cuidadoso dos projetos e modelos das pegas.

d) Moldagem em areia apropriada; aplicagao de canais de alimentagao
e de, magalotes bern dimensionados e convenienternente colocados.

e) Controle rfgido da tempc-ratura de vazamento.

f ) Desgaseificagao obrigatdria.

g) Desmoldagem a quente c esfriame-nto lento, em forno, segundo ci-
clo apropriado para deconaposigao dos carbonetos e para impedir o
apareciniento de tensoes internas.
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Fig. 3 A~pio de dcido clorfdrico, a quente e a frio,, de varias concentrap?5es,,
sobre os ferros fundidos de alto silfcio (Teste sob agitaplo, por 8
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Fig. 4 Diagrama de corrosio dos ferroB fundidos do alto silfclo, em Acido
clorflirico a 7 0%, no pcmto do ebulip~o
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Fig. 11 A) Secpdo de lingote de primeira fus~o
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pig i B) Secq~o de lingote de segunda fuslo
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Fig. 12 A) Exemplo de contrapao interna, produzida por variap-o de
B) teniperatura e alimentag'ao de molde



nxv -4qu

Fig.F 13 A

Fig.13 B). Secpflo de pepas apresentando boihas devido a gases
C) Peca apresentando boiha de gds aparente.
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Fig. Fig 15 Miroesrctrorfa deslustano solida de silfcio a rerrituar uslc-er
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Fig. 17 Mlicrograf ia mostrando o tipo de grafita acic'ilar ou em bastonetes
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Fig. 18 Micrografia mostrando a fasc carboneto
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Fir.. Ji u Mficrografia iltisu nawml fii'o de estrutura dupla

Fig. 20 Mlicrografia mostrando a apa~v-atia da fase fosfeti,.
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