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INTRODUCTION

This repor t is a summary of the activi ties of the

Materials Research Council during its annual Summer Conference

held in La Jolla , California, during the period July 6—30, 1976.

A more complete presentation of the technical papers , wor kshop

repor ts and memoranda generated by the Counci l wi l l  be prepared

and issued later in the contract year.

The Materi als Research Council was organized by the

Materials Science Of f i ce of the Defense Advanced Research

Projects Agency to assist them in examining potential future

materials problem areas of the Department of Defense. It is not

direc tly concerned wi th current prob lems , although it has and

will continue to work on these when it can be of assistance.

Its primary func tion is to look beyond the curren t problems to

those of the future and to suggest possible studies that will

insure that the necessary science base and prel iminary engineer-

ing feasibility studies are in place to support later engineering

and system development.

The membership of the Counci l  is made up of cer arnis ts ,

chemis ts , physicis ts and engineers whose common interes ts l ie

in materials science or materials engineering . This meeting of

the Counci l was the ninth year of operation and over this period

this d iverse grou p of scien tis ts and engineers have developed
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into one of the most knowledgeable and versa ti le consul tant

groups in the Country .

Since most of the Council membership is drawn from the

academic community , their early exposure to emerging mater i als

problems results in their prompt transfer, via their graduate

students , into active research programs. Support of these pro-

grams comes from several sources, not just the Department of

Defense. NSF, ERDA , Industr ies , Universi ties and Technical

Associa tions are all represented in the suppor t of these research

programs. The range of these programs is very broad since it

covers all of the topics that have been examined by the Council

over the last several years. Currently work is going on in acous-

tic scattering , epitaxy, frac ture , surface chemis tr y ,  non—

equilibrium structures , struc tural cer amics, wear , etc.

While the Council has consi derable exper tise in many

areas , it dr aws heavily from the science and engineering commun-

ities for consultants, assistance and advice. These come from

government agencies , industrial laboratories, not-for-profit

institutions and from universi ties .  Visi tors who have a spec ial

interes t and capabili ties in the areas under consi dera tion by

the Council are encouraged to attend and take par t in the

br ief ings and discussions that make up part of the Summer Con-

ference of the Council. Visitors have included NSF and NBS

personnel , represen tatives of the basic research of f ices of the

three services; AFOSR, ARO , and ONR and other DoD res earch and

development groups such as NRL, AMMRC, AFML, AFWL, NSRDC , NSWL ,
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etc. These service personnel perform a particularly valuable

function since they have an intimate knowledge of on-going current

research and can relate it to the advanced research concepts under

consideration of the Council to the benefit of both groups.

PROJECT ORGANIZATION

The technical direc tion of the Materials Research Council

is delegated to a seven-man Steering Committee chosen to repre-

sent the various disciplines of the Council membership. Member-

shi p on the Steering Committee is usual ly  for a per iod of three

years with replacements made each year .

The func tions of the Steering Commi ttee are :

a) Work with AR.PA—MATS to select problem areas for con-

sideration by the Council.

b) Select Council members , specialists ann consultants

to work with the Council.

c) Structure , direc t and evaluate Council activi ties .

d) Participate in project management.

The current Steering Commi ttee is as fo l lows :

Professor Willis H. Flygare, Chairman
Depar tment of Chemis try
Universi ty of I l l inois
Urbana, Illinois 61801

Professor Bernard Budiansky
Div is ion of Engineering and Applied Science
Harvard Univers ity
Cambridge , Massachusetts 02138
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Professor Morris Cohen
Department of Materials Science and Engineering
Massachusetts Institute of Technology
Cambridge , Massachusetts 02139

Dr. John J. Gilman , Direc tor
Material s Research Center
Allied Chemical Corporation
Morristown , New Jersey 07960

Professor Paul L. Richards
Department of Physics
Universi ty of Cal i fornia
Berkeley , California 94720

Dr. Robb M. Thomson
National Bureau of Standards
Institute for Materials Research
Washington , D.C. 20234

Professor Amnon Yariv
Depar tment of Elec tr ical  Engineer ing
Cali fornia Ins ti tute of Technology
Pasadena , California 91109

The other members of the Council are:

Pro fessor Nico Bloember gen
Division of Engineer ing and Appl ied Science
Harvar d Universi ty
Cambridge , Massachusetts 02138

Professor Rober t Coble
Materials Science Depar tment
Massachuse tts Ins ti tute of Technology
Cambridge, Massachusetts 02139

Dean Daniel C. Drucker
Engineering College
Universi ty of I l l inois
Urbana , Illinois 61801

Dr. Anthony G. Evans
Rockwell International Science Cen ter
Thousand Oaks , California 91360

Professor Henry Ehrenreich
Pierce Hall
Harvar d Universi ty
Cambridge , Massachusetts 02138

— 4 —
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Professor Rober t Gomer
James Franck Institute
Universi ty of Chicago
Chicago, Illinois 60637

Professor M. Fred Hawthorne
Department of Chemistry
University of California
Los Angeles , California 90024

Professor Robert A. Huggins
Center for Materials Research
Stanford University
Stanford , California 94305

Professor Gordon S. Kino
Department of Electrical Eng ineering
Stanfor d Universi ty
Stanford , Cal i fornia 94 305

Professor Wal ter Kohn
Department of Physics
Universi ty of Cal i forn ia
La Jolla, California 92~ 37

Professor James A. Krumhansl
Department of Physics
Cornell Universi ty
Ithaca , New York 14850

Professor John L. Margrave
Department of Chemistry
Rice Universi ty
Houston, Texas 77 001

Professor Frank A. McClintock
Department of Mechanical Eng ineering
Massachuse tts Ins ti tute of Technology
Cambridge , Massachusetts 02139

Professor Elliott W. Montroll
Department of Physics and Astronomy
University of Rochester
Rochester , New York 14534

Professor Howard Reiss
Depar tment of Chemis try
University of California
Los Angeles , California 90024
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Professor James R. Rice
Division of Engineering
Brown University
Providence , Rhode Island 02912

Professor Michael Tinkham
Department of Physics
Harvard University
Cambridge , Massachusetts 02138

Dr. George H. Vineyard
Brookhaven National Laboratory
Upton , Long Island , New York 11973

There are many people qualified for Council membership

but budgetary considerations limits the numbers to 20-25. To

obtain a greater flexibility in membership, a recent policy was

instituted where some of the Council members are asked to go on

an inactive status and new members are added. Some members ,

because of other commitments , elect to be placed on the inactive

list. Inactive members are usually recalled to membership as

the Council moves back into their areas of expertise. The

current inactive list of Council members is as follows :

Professor Michael B. Bever Professor John D. Ferry
Dept. of Materials Science Department of Chemistry

and Engineering University of Wisconsin
Massachusetts Inst. of Tech. Madison , Wisconsin 53706
Cambridge , Massachusetts 02139

Professor Herbert S. Gutowsky
Professor Arthur Bienenstock Department of Chemistry
Materials Science Department University of Illinois
Stanford University Urbana , Illinois 61801
Stanford , California 94305

Professor Alan 3. Heeger
Professor P01 E. Duwez Department of Physics
W. M. Keck Laboratory of University of Pennsylvania

Engineering Materials Philadelphia , Pennsylvania 19174
California Inst. of Tech.
Pasadena , California 91109
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Professor Erastus H. Lee Professor Charles P. Slichter
Dept. of Applied Mechanics Department of Physics
Stanford University University of Illinois
Stanford , California 94305 Urbana , Illinois 61801

Professor Donald 3. Lyman Professor J. Robert Schrieffer
Materials Science & Engineering Department of Physics
University of Utah Uni~Tersity of Pennsylvania
Salt Lake City , Utah 84112 Philadelphia , Pennsylvania 19174

Professor Bernd Matthias Professor Albert 3. Sievers
Department of Physics Department of Physics
University of California Cornell University
La Jolla , California 92037 Ithaca , New York 14950

Professor William Prager Professor William A. Tiller
Dept. of Engineering Mechanics Dept. of Materials Science
Brown University Stanford University
Prov idence , Rhode Island 02912 Stanford , California 94305

ORGANIZATION OF THE SUMMER CONFERENCES

The principal function of the Materials Research Council

is to provide ARPA with a variety of services which bear on the

development and use of materials in defense systems . The vehicle

for providing these services is the Summer Conference which is a

one month summer study meeting.

During the summer meeting the Council not only carries

out research of an analytic nature , but also holds conferences

and workshops devoted to themes of mutual interest to the Council

and ARPA with a balance being sought between themes suggested

by ARPA and those suggested by the Council. Position papers are

prepared after the conferences and workshops , to aid ARPA in

judging the pertinence of new programs , in stimulating the

generation of such programs , or in assisting in the evol’~tion

of new scientific concepts. A secondary aim is the stimulation
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of the research e f for ts of indivi dual scientis ts and engineers

who participate in these meetings. Workshops are attended by

Council members, who may not be exper t in the subject under dis-

cussion , and by a core of exper ts , usually non—Council members,

who are selected and invited by the Steering Committee to lead

the discussion. The philosophy under which Council members

par tici pate in conferences outsi de their cus tomary interes ts is

based on the idea that hi ghly competent scientis ts , even if not

exper ts in that f ie l d , can bring fresh ideas to that field by

virtue of their competence and the fact that they may not be

committed to firm and sometimes controversial points of view.

Several techniques for conducting the summer confer ence

have been implemented during its nine years of operation .

Initially the entire MRC membership focused on a few problems

presented to them via br ie f ings from the var ious segments of

the Services or DoD agencies. Typical topics covered were:

Shock Propagation , Constitutive Relations at High Temperature

and Pressure , Composite Materials and Underground Sensing. From

this the Council evolved a technique whereby individual Council

members were given the responsibility of structuring conferences

or worksho ps that woul d be of interes t to di f f erent subse ts of

the Council. Meetings have been held on such topics as Amorphous

Semiconductors , In frared Optics , Materials in Ener gy Sys tems ,

Structural Ceramics , etc.

Becaus e of continuing inter est f rom year to year of the

individual members in certain topics , there is a considerable

-
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carry-over from one conference to the next of the various study

areas . Over the nine year period , of the ord er of twenty m ajor

studies have been carr ie d out in are as such as : Compos ite

1 Mater ia ls , Biomater ia ls , Laser Optics , Superconducting Materials ,

Solid Electrolytes , Wear , Eros ion , Fracture. From these major

studies , smaller groups of the Council have nucleated studies

in spin—off areas that are more suited to their particular ex-

pertise and th.ey regularly report back to the Council the new

developments , refinements in theories , experimental studies , new

applications , etc.

Output from the Council appears in two publications .

The Preliminary Report gives in summary form the results of the

Summer Conference. The Final Report, issue d later in the year ,

contains all the written output of the Council. Much of the

Final Report consists of technical papers ready for publication

in appropriate journals. The balance are preliminary reports and

memoranda generated primarily for distribution within the Council

and to its consultants . They serve to stimulate discussion since

they are initial position papers and present tentative unrefined

concepts and ideas. Their distribution is restricted since they

do not represent a unanimous or even a consensus opinion of the

Council. They are available on request to the Project Director ,

subject to the author ’s release.
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SUMMER CONFERENCE — 1976

In preparation for the 1976 Summer Conference , the

Steering Committee met in Washing ton , D.C., on November 21, 1976 ,

with the Staff of ARPA-MATS. Input from the Council was available

on possible study topics. Topics were also submitted by ARPA-MATS.

From the rather extensive l ist consi dered , the following topics

were tentatively chosen and a Council member was assigned to

structure the program , invite participants , and to collect per-

tinent publications for distribution to interested Council members .

1. Pyroelectric and Piezoelectric Materials
Prof essor Kino

2. Non-Destructive Evaluation
Dr. Thomson

3. Fatigue Crack Growth
Profes sor s Bud iansky , Rice

4. Epitaxial Films
Prof essor Yariv

5. Fine Metal Powder Technology
Professors Cohen , Hirth , Hucke

6. Metallic Glasses
Dr. Gilman

It was agreed that the formal presentations of the problems

by experts should be restricted to one or two days at most and

suitable time left for discussion , argumentation and analysis by

Council members.

ARPA-MATS indicated that they would probably schedule a

review of potential optical fiber problems in cooperation with the

Naval Electronics Laboratory .

— 10—
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The Steering Committee met again in Washington , D. C . ,  on

February 28th with ARPA-MATS personnel to review the plans for

the 1976 Summer Conference. The agenda for the six meetings were

approved af ter some rearrangement of timing of the wor ksho ps to

avoi d overlapping of presentations . ARPA-MATS indicated that it

woul d , in addition to the review on optical fibers, probably

schedule a one day meeting on metal-matrix composites in coopera-

tion with 3. Persh of ODDRE. They also indicated that, if time

permitted , they would like the Council to look into the area of

high-pressure research.

In March a newsletter was circulated to the entire

Council giving the agenda of the summer program . The gener al

policy of the MRC has been to schedule all conferences and work-

shops into the first two weeks of the Summer Conference in order

to give the membership time in the final two weeks to prepare

meeting summaries, discuss the presentations with other members

and to prepare the papers to be published in the Preliminary and

Final Reports of the program . This timing generally produces

some overlap in the scheduling of the meetings . ARPA-MATS re-

quested that this policy be relaxed and that some of the meetings

be scheduled into the third week to enable their personnel to

attend all of the meetings. This was approved , although it was

pointed out that this might adversely affect the Council output.

The actual agenda of the 1976 Summer Conference was as

follows :

_ 1  ~‘ —
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July 6 Conference opened
July 7—8 Pyro— and piezoelectric materials
July 7—8-9 Fatigue crack growth
July 8-9 ARPA-AFML NDE programs
July 12—13 Epitaxial films
July 12—13—14 Acoustic scatterers, NDE
July 14—15-16 Fine powder technology
July 15—16 Ceramic turbine advisory panel
July 19—20 Metallic glasses
July 21—22 Optical fibers
July 26 Metal matrix composites
July 30 Conference closed

In spite of the prior planning there was considerable

overlap on the conferences . This is almost unavoidable since

the availability of the experts is the real determining factor

in fixing the calendar.

The individual meetings were well attended and quite

productive in spite of their large number . Not all of the

meetings were attended by all of the MRC members . Each member

selects a few in which he has an interest and to which he can

contribute. There is probably an optimum in the number of con-

ferences that can be held at the summer meeting . In earlier

meetings two or three topics were considered and this was too

few; the 1976 meeting probably had too many . The Steering

Committee will attempt to find a better balance.

The following pages present the summary of the meetings;

the agenda and a listing of the participants and visitors. In

some some cases abstracts of the papers presented have been

included . The Final Report will include an expanded treatment

of this material.

—12—
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CONFERENCE ON PYROELECTRIC AND PIE~.OELECTRIC MATERIAL S

SUMMARY

G. S. Kino

Three classes of materials were reviewed ; pyroelectric

mater ials sui table for use in infrared vi d icon devices , piezo—

electr ic ceramics and piezoelectr ic and pyro electr ic  or ganic

polymers.

Well developed 100—200 line infrared vidicons are now

obtainable commercially , and were described by Singer and

Helmick. They have a sensitivity of 0.3°C-0.5°C at the target

and appear to be operating near their estimated thermodynamic

limi t for the target mater ials used . Fur ther improvements

depend on the use of thinner retinas and somewha t more sensi tive

readout techniques. The pyroelectric figure of merit of proper

ferroelec tr ics was shown by Liu and Bel l to be near i ts theore ti-

cal limit.

The new pyroelec tr ic and p iezoe lectr ic pol ymers have many

potential advantages. They are tough , flexible and cheap . The

pyroelec tr ic f igure of mer it of these mater ia ls is a fa ctor of

2 or 3 worse than the more convent!onal materials. As piezo-

electrics , these materials have very desireable characteristics:

a gocd coupling coefficient and a low acoustic impedance near

that of water. High quality , broad band acoustic transducers ,

comparable to the best available commercial ceramic devices were

described by Shaw .

—L 3 —
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There should be a large class of these materials still

to be developed and research on these materials should be en-

couraged . New device applications as well as the more obvious

conventional ones should be studied and developed .

The work on PZT ceramics appears to be at a mature stage .

Further improvements are possible but unlikely to be carried out

in industry due to the large market in cheap uncritical consumer

components. A particular need is better uniformity from sample

to sample which could probably be obtained by better processing .

Other appl ications of ceramics were discussed , in particu—

lar the optical memory devices of Land and Fresnel lenses of Auld .

The optical memory device work shoul d be continued .

Some attention was paid to the so—called improper ferro—

electrics. These materials have a figure of merit which does not

obey the same criteria as do the proper ferroelectrics. They

might provide some improvement in pyroelectric vidicons . A small

effort in this field would be worthwhile.

Abstracts of the individual papers presented at this

conference will be published in the Final Report.

— 13— 
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CONFERENCE ON PYROELECTRIC AND PIEZOELECTRIC MATERIALS

July 7—8, 1976

AGENDA

Introduction - G. S. Kino

Electronic Processes in Pyroelectric Materials - A. Glass

Recent Developments in Pyroelectric Vidicon Systems - C. Helmick
and W. Woodworth

Vidicon Arrays — T. Conklin , G. Loiancono and B. Singer

Performance Limitations of Pyroelectric Detectors - S. T. Liu

Theory of Pyroelectricity — M. Bell

Pyroelectric Polymers - A. Glass and J. B. Lando

Study of Ultrasonic Resonance and Broadband Transduction in
Piezoelectric Film - H. J. Shaw

Piezoelectric Materials — L. E. Cross

Piezoelectric Ceramic Materials and Their Application in Devices -

D. Berlincourt

Processing of Polycrystalline Piezoelectric Ceramics in the PZT
System — R. Fulrath

Acoustic Wave Guiding Along Piezoelectric Domain Wall Boundaries -

B. A.

PLZT Materials Properties of Importance to Informa tion Storage
and Display Applications - C. A. Land
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PARTICIPANTS

Ber t Auld Cecil Land
Stanford University Sandia Laboratories
Ginzton Laboratory DW 5133
Stanford , California 94305 Albuquerque , New Mexico 87115

Mike Bell Jerome B. Lando
Yeshiva University Dept. of Macromolecular Science
New York , New York Case Wes tern Reserve Universi ty

Cleveland , Ohio 44106
Don Berlincour t
Channel Products I. Lefkowitz
16722 Park Circle Drive West Army Research Office
Chagr in Fal ls , Ohio 44022 Durham , North Carolina

N. Byer S. T. Liu
Martin Marietta Laboratories Corporate Research Center
1450 S. Rolling Road Honeywell, Inc.
Baltimore , Maryland 21227 10701 Lyndale Avenue S.

Bloomington , Minn. 55420
Thomas Conklin
Amperex Electronic Corp. Gabriel Loiancono
EOD Division North American Philips Co.
Slatersville, Rhode Island 02876 345 Scarborough Road

Br iarc l i ff  Manor , New York 10510
L. E. Cross
Pennsylvania State University Robert C. Pohanka
Materials Research Laboratory U.S. Naval Laboratory , Code 6361
Universi ty Park , Pa. 16802 Washington, D.C. 20375

R. Fuirath Carlos Roundy
Dept. of Materials Science & Molectron

Engineering 177 N. Wolfe Road
Hearst Mining Building Sunnyvale , Ca. 94086
Universi ty of Cal i fornia
Berkeley , California 94720 E. J. Sharp

Night Vision Lab./SIRTA
A. Garrito Fort Belvoir , Va. 22060
Dept. of Physics
University of Pennsylvania H. 3. Shaw
Philadelphia, Pa. 19174 Ginzton Laboratory

Stanford University
A. M. Glass Stanford , California 94305
Bell Laboratories
600 Mountain Avenue B. Singer
Murray Hi l l , New Jersey 07974 North American Philips

345 Scarborough Road
Carl Helmick , Jr. Brjarcliff ~:anor , New York 10510
Naval Weapons Center
China Lake , California 93555 W. H. Woodworth

Naval Weapons Center
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WORKSHOP ON THE THEORY OF ULTRASONIC SCATTERING
WITH APPLICATION TO ADAPTIVE COMPUTERIZED NDE

R. M. Thomson

SUMMARY

A week long workshop explained the current prospects

for characterization of defects in solids by combining the

most advanced features of elastic wave scattering theory , the

current experimental capability , and computer adaptive tech-

niques. The current status of these three areas was reviewed

and papers were prepared detailing advances , partially worked

out at the MRC , which could be made in this direction . iie

general concensus of the workshop was that the goal was a

feasible one for the relatively short term because of the power

of present concepts and capabilities in the three areas.
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CONFERENCE ON THEORY OF ULTRASONIC SCATTERING

July 12—15 , 1976

Comparisons of Theory and Experiment in Ultrasonic Scattering
B. Thompson

Ultrasonic Transducers
G. Kino

Computer Analysis of Acoustic Signals
A. Mucciardi

Review of Theory
E. A. Kraut

Review of Gubernatis-Krumhansl Analysis
J. E. Gubernatis

PARTICIPANTS

A. N. Mucciardi L. Adler
Adaptronics, Inc. University of Tennessee
Westgate Research Park Dept . of Physics
McLean , Virginia 22101 Knoxville , Tennessee

M. W. Loew J. E. Gubernatis
Adaptronics, Inc . Los Alamos Science Laboratory
Westgate Research Park T—l1-M5-457
McLean , Virginia 22101 Los A lamos , New Mexico 87545

E. A. Kraut R. B. Thompson
Rockwell International Rockwell International
Science Center Science Center
P.O. Box 1085 P.O. Box 1085
Thousand Oaks , Cal. 91360 Thousand Oaks , Cal. 91360 
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WORKSHOP ON NDE

M . Buckley and R. Thomson

SUMMARY

A two—day workship was held at the MRC si te to exp lore

issues in the NDE area of potential concern or interest to ARPA.

Spec i f ic  areas studied were NDE for adhes ive bonding and com-

posi tes , NDE for fatigue damage detection , automation in NDE ,

and the institutional framework of R&D in NDE .

The most si gnif icant issue to surface at the wor kshop

was the need to exp loi t the fu l l  phys ical capabi l ity of NDE

through an extensive application of computerized automation for

overall nondestructive quality evaluation . Without such a

development, NDE is l ikely to remain unreliable , slow , unable

to correlate data from a lar ge number of parall el inputs , and

expensive. Integration of the NDE community with the electronic

and computer communities is an excellent oppor tunity for pro-

moting further advancements in both fields.

We also found si gnificant R&D technical challenges im—

bedded in the adhes ive bonds , composites and fatigue areas.

Specifically , NDE for adhes ive hand l ing wi l l  require consi der ab le

ef for t to es tab l i sh prac tical methods for sensing the adhesiv e

bond streng th , but some techniques which are sensitive to the

—19—



cohesive strength of the adhesive already show considerable

promise. A big gap appears in the development and application

area of NDE for adhesive bonds , especi al ly  as it bears on the

AF PABST program. (The PABST program is an ambitious attempt

on the par t of the Air Force to substi tute adhesives for mech-

anical f asteners and rivets in pr imary aircraf t struc tures. )

In order to br ing NDE for composi tes to the level now current in

the metals area , consi derable research coupl ing NDE to res earc h

on fundamental failure modes in composites will be required .

Under institutional issues , the desirability of a centralized

NDE center was explored . We conclude that the central issue in

this area is to provide sufficient stability for the research

community now developing through the auspices of the AF/ARP A

program and elsewhere in order for it to gain maturity . A

centra l ized laboratory i s one of probably several possible

routes for the explor ation of this matur ity .  The development

of an integrated NDE service indus try was dis cus sed , and is

believed sufficiently attractive that we reopen it for further

study and consideration , especially as it bears on the auto-

mation issue mentioned earlier.

A more complete report on the details of the workshop

wil l  appear in the Final Repor t of the Summer Conf erence .
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CONFERENCE ON NON-DESTRUCTIVE EVALUATION

PROGRAM SCHEDULE

July 8, 9, 1976

Introductory Remarks - R. Thomson

Curren t  ARPA-AF Program in NDE
M. Buckley and D. Thomson

NDE for  Adhesive Bonding and Composites
W. lee, J. Florence , D. Hagemaier

Automation in NDE
D. Ballard , J. Bushnell , W. Coleman , D. Green

Fat igue  Detection
W. Reimann , C. Wells , R. Johnson , R. B. Thompson

Institutional Issues in NDE
R. Thomson , D. Thompson , R.  Anderson , D.  Ba l l a rd ,
E .  Cr iscuolo , G. D a r cy ,  P .  Packman , D.  Waide l ich ,
M. Buckley
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PARTICIPANTS AND GUESTS

Robert T. Anderson David H. Kaelble
ASNT Rockwell International
3200 Riverside Dr. Science Center
Columbus , Ohio 4 3 2 2 0  104 9 Camino Dos Rios
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WORKSHOP ON FATIGUE CRACK GROWTH

B. Budiansky , D. C. Drucker
J. W . Hutchinson , J. R. Rice

SUMMARY -

Some aspects of fatigue crack growth were discussed at

the July 1976 session of the ARPA Materials Research Council.

A focal point of the meeting was the assessment of

crack surface closure as a basis for prediction of crack growth

under general oscillatory loading histories. In addition ,

fractographic studies , microstructural effects , and environ-

mental influences on crack growth were aiscussed. The paper

attempts to identify critical topics for further research.

These relate to the experimental study of closure effects , to

the development of predictive crack growth models at the macro-

scop ic leve l , and to the more detailed understanding of micro-

structural and environmental influences on the crack growth

mechanism.
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MEETING ON FATIGUE CRACK GROWT H

July 7—9 , 1976

AGENDA

P. C. Paris - Continuum mechanics aspects of fatigue crack
propagation .

R. M. Pelloux - Relationships between Fractography and
Micros truc ture .

J. P. Gallagher - Air Force crack oropacaticr . problems and
needs.

W. Elber - Comparative discussion of rnethcds of closure
observation.

Discussion by D. M. Corbly and 0. Buck (‘oltrasonics) ,
W. Reimann (interferornetric) , G. R. Chanani and R. P. Wei
(electric potential , bridging strain gauge) , P. C. Paris
(elastic unloading compliance) , and others as appropr ia te
on closure observations and relevance to mechanisms and/or
models of fatigue .

R. 0. Ritchie — Influence of superposed static fracture
mechanisms on fatigue .

R. P. Wei - General environmental and temperature effects.

0. Buck — Environmental effects on closure and fracture mode.

Discussion by G. R. Chanani (fractographic features associated
with overloads) , A. W. Thompson (effect of microstructure ii’.
Ti alloys)

J. W .  Hutchinson - Closure effects predicted from ~ug dale/B C S
crack models.

W . Elber - Summary of J. Newman finite-element predictions
of crack surface closure effects.

H. Dill - Spectrum crack growth prediction .

A. J. McEvily — Modified COD nodel.

Discussion : Fati gue detecticn by ;DE , model ing , crack orowth
prediction .
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MEETING ON E P I T A X Y

N .  Bloembergen
A. Yariv

SUMMARY

Members of MRC and a group of exper ts f rom bo th the

industrial and the university communities met to discuss the

state of the art in ep::axial growth of crystalline layers and

the variety of applications which depend on them . I t  was h oced

that the meeting would be able to identif’~ and pinpoint serious

problem areas where add it iona l  work ma y be r e~ uLreJ .

The main topics Joscussed at ~he meetin~ were :

1. The vario us ~echn ~es osed ec1tax~ ai qrowth-:r~ m~~r :;

l iauid  (LPE) ~~~ vapo r phase (VPE) eoitax .’ .i: ~~o the recent . .

1elored technieue of molecular beam e~~~o.ax’: ~~BT)

2. The use of epitaxially grown f~~ ms ~n ~~e fabr :oat:en

of ~ ‘.‘ariety of electronoc and e1ectrc- ’o~.toc ie’’:c~ s, especia~~ ’:

CW :njection lasers, light emitt~ ne ~~~~~~~~dC3 , ::notod~~tect :rs

near visible and infr ared applicat:ons , ~~ra:t diodes ,ind f~~e i

effect transistors, integrated optics , and ma~ net~ c hubh~ es :er

comnuter memories.

3.  Th e ~n t r ~~~’~ :nc p c s sib~~1~~tv  of cr st~~ en~ . neer:n~

~~~ wh : : n  m a k e s  ~~~t ~os s :b le  to  ~~~~ n ew c: 1s ’.~’:~~;’.
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I t  became clear from the meeting that epitaxy is playing

a key role i~~~ a great variety of new technologies of increasing

importance to U . S .  technology and to DoD. A good example is

the GaAs-GaA~.As double heterostructure injection laser which is

developed intensely in this country and abroad primarily for

powering optical fiber communication links.

The meeting convinced us that due to the combined in-

centive of commercial and military application and of govern-

rnent support the epitaxial technology is pursued vigorously in

the U.S. A few areas , however , were identified where additional

effort could play an important role in advancing the technology .

These are :

1. The development of U.S. sources for high grade InP

crystals is recommended . This material is the starting point

for growing epitaxial GaInAsP lasers oscillating near 1.25..~m

a region where the disperison and loss characteristics of silica

based optical fibers are optimum .

2. Development of ternary crystals as substrate sources

is recommended. All of today ’s ep i t ax ia l  technology is based

on starting from binary substrates (GaAs , In? , CdTe , etc. ) which

places a limit on the flexibili ty and choice of materials avail-

able to device designs.

3. Support of research on the use of orcano—netallic com-

pounds ~n vapor phase ep itaxy (VP:) is recommended . VPE tech-

niques WLI be important in large scale fabrioa :oon of ep~~t i~~~ a~

structures. Present VPE techniques cannot handle reactive

— - , ——



elements such as AZ and Sb. Preliminary work in the U.S. and

in Japan indicates that VPE using organo-metallic compounds

(such as AL (C
2H5

)
3
), can overcome this problem. It will also

be important to develop a supply of high purity organo-metallic

reagents.

4. Studies in academic institutions on the detailed

kinetics of epitaxial growth are recommended . While the thermo-

dynamic properties are in general , sufficientl y well known ,

basic knowled ge on d i f f u s i o n  rates growth habi ts , sticking coef-

ficients and non—equilibrium growth is inadequate for the systems

of Ill-V and II-VI compounds. The question whether ternary

crystals could provide hi gh grade crys tals for  use as subs tra tes

should be addressed.

5. Vapor phase and MBE techniques for InP based systems

should be explored . Particular attention should be gi’.ren to

the causes of the generally poorer device performance resultinq

from these techniques , compared to LPE .

6. The garnet epitaxy technology for magnetic bubble

materials appears to be further develcoed t h a n  t h a t  of the

compound semiconductors. It will be import.&nt to ~e~~er m i n e  if

this is an inherent property of the d i f f e r e n t  mater :ai system ,

and if the techni ques of 3 h igh Jt� oroe Ot  s...percoo1~~n~ ~nd

liquid motion be sucoesafullo transferred t~~~ ~~~~~~~~
— ‘ m d

systems .

— .: ~ 
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MEETING ON EPITAX Y

July 12 , 13 , 19 76

A . Yariv - Introduction

M. Panish - I l l—V Liquid Phase Epitaxy - From Phase Diagrams to
to Devices

A. J. Strauss — Liquid Phase Epitaxial Growth of Lattice Matched
GaIxiAsP—InP for l~ l.3j .i m Double Heterostructure Laser

P. Vohl - Vapor Phase Ep itaxial Growth of Hg 1_ ~ cd~ te ( 0 < x ( 1)

J. M. Walpole — Epitaxial Growth of Pb 1_x Sn xTe

A. Cho - Preparation and Properties of GaA s Devices by Molecular
Beam Epitaxy

S. Kamath - In f in i t e  Melt Liquid Phase Epitaxy of GaAs and GaA1As
for Device Applications

I. Samid , P.  Yeh and A. Yariv - Embedded Epitaxy ;
Distributed Feedback and Distributed Bragg Mirror
Lasers Using LPE Grown GaAs-GaA1As Structures;
Optical Properties and Phenomena in S t ra t i f i ed  Media

J. Stringfellow - VPE Growth of Ill-V Materials for Microwave
Applications

A. Gossard - Coupled Quantum Wells and Alternat ion Monolayers
of GaAs-AlAs Structures

J. S. Harris - Liquid Phase Epitaxy Growth of Ternary Alloys
for Heterojunction Infrared Devices (solar cells and
photocathodes)

R. Burmeister - Liquid Phase Epitaxial Growth of Magnetic Garnets

Informal Discussion
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HIGHLIGHTS OF SESSIONS
ON RAPIDLY SOLIDIFIED POWDERS AND RELATED TECHNOLOGY

E. E. Hucke , J. P. Hirth and M. Cohen

The following highlights emerged from the presentations

and discussions on “Rapidly Solidified Powders and Related

Technology .” A more explicit summary of these sessions will be

given in the Final  Report .

1. It is evident that  s c i en ti f i c  and technological ideas

concerning rapidly solidified powders and their products are

multiplying in excitement and potential.

2. Further reduction in droplet size appears to be the

most e f f e c t i v e  way to achieve s t il l  f a s t e r  so l id i f i ca t ion  rates ,

( > l 0 ~ ° C/ se c) ;  the capabi l i ty  of forced convection in a t t a i n i n g

even greater  cooling rates requires  more c a r e fu l  d e f i n i t i o n ,

particularly since the processing of fine powders becomes much

more difficult with decreasing particle size.

3. There are new indications that the progressive decrease

in dendritic-arm spacine w i t h  inc reas ing  s o l i d i fi c at ion  ra te  i~

interceded by spontaneous nucleation in the supercooled liquid.

This is a very significant phenomenon because :

a. The microcrostallites or cells t hu s  f o r m e d  ha ;’~ a

chance to grow :ust by atom—b :-atom ~u m p i n g  across  t h e  1i~~u i d

—3 1—
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solid interface without compositional partitioning between the

liquid and solid phases. Thus, in the limiting case , the micro—

crystallites will have exactly the same composition as the liquid ,

and the resulting grain boundaries can be unusually clean .

b. This prospect shows that it is important to strive

for still faster cooling rates or, at least, solidification condi-

tions in which the thermal gradients are large compared to the

solid—front growth rate (i.e., without any long—range diffusion) .

c. In this new regime, supercooling and nucleation

phenomena will play a critical role in the size of the micro—

crystallites , possibly reaching down to b — b OA.

d. In the light of these factors , the tolerance for im-

purities as well as for new alloy compositions can be sharply

enhanced ; indeed , it may well turn out that a quantum—step im-

provement in properties can be obtained in these highly—super-

cooled , nondendritic structures.

4. Skin-melting of bulk alloys by high-intensity laser-

beam heating , together with conductive quenching by the metallic

substrate , provides an excellent research tool for producing and

studying the above—type of highly supercooled , nondendritic

solidification and its competition with dendritic solidification .

The inhibition of secondary-phase precipitation on solidification

as well as the kinetics and morphology of the precipitation on

reheating can also be investigated via this technique , comparing

both dendritic and nondendritic structures in the sk in -mel ted

zone.
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5. Consideration should be given to model alloy systems

(such as Pd—Si and Pd—Si—Cu) which, even at conveniently access-

ible cooling rates applied to a given composition , will exhibit

the complete range of processes from dendritic segregation to

microcrystalline solidification to amorphous—glass formation .

6. It appears that an electrostatic field tends (a) to

stabilize a stream of liquid metal against break—up into droplets ,

and (b) to damp out oscillations once the droplets are formed .

These phenomena should be examined as to origin and possible

application to atomization processes.

7. Particular attention should now be given to the powder—

consolidation steps and their role in the resulting structure!

property relationships. Very little systematic information is

available on what happens to the grain size, dendritic structure ,

and secondary-phase morphology as a function of the processing

and heat—treatment variables. These interactions also point up

the need (and opportunity) to optimize compositions and treatments

in order to take full advantage of the small-particle approach

to materials technology .

8. The wide—scale exploitation of rapidly—solidified powder

processing will require multi—faceted structure/property research

programs on numerous alloy systems . To that end , there is urgent

need for flexib le , small-lot (¼ to 10 lbs.) powder—making facil-

ities which will permit the detailed study of compositior.al and

structural variables. The availability of such equipment will

probably do as much as anything to expand the unders tandin g and

— , 3 — 
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applicability of the resulting materials.

9. Although glassy—metal powders can be produced in some alloy

systems , it is still not known whether these powders can be con-

solidated without degradation of the glassy state . Such experi-

ments might be tried, on the Pd—Si and Pd—Si-Cu prototype alloys

mentioned in Item 5.

10. Results to date on the powder-processed iritermetallics

TiAl and Ti 3Al look encouraging ; substantial progress has been

made during the past year toward achieving some ducti l i ty and

good fatigue strength along with noteworthy creep resistance.

11. There is increasing evidence that powder processed

aluminum alloys exhibit improved resistance to stress—corrosion

cracking and to corrosion fatigue , compared to the conventional

wrought alloys. This finding has major implications from the

standpoint of extending the mechanically—useful range of high—

performance materials in typical environments .

12. A promising approach to the ultrasonic nondestructive

testing of powder—processed bodies with curved surfaces has been

described, based on the use of appropriately-shaped adapters

between, the transducer and the curved surface.

13. It appears that, in order to take advantage of the ex-

pected 100°F improvement in operating temperature for powder-

processed jet—engine turbine blades , the development of a pro-

tective coating for the state-of—the—art superalloys will become

mandatory .

14. Fe—Al—Si alloys look attractive for reasons of special
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magnetic properties as well as oxidation and corros ion resistance ,

without requiring any potentially strategic metals. However, the

development of such alloys has been blocked by brittleness problems ,

which may now be circumvented by powder processing . This means

that the stable and metastable phase relationships in the ternary

Fe—Al—Si system should now be roughed out by computational methods.

15. There are good prospects for substantial advances in

titanium alloy formability and properties through the RSP approach.

However , less expensive methods are needed for producing high

quality titanium powders.

—3 5—
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SMALL—PARTICLE PHENOMENA AND TECHNOLOGIES MEETING

July 14—15 , 1976

First Session - Morris Cohen, Chairman

E. C. van Reuth - ARP A Program in Small-Particle
Processing

*Alan Lawley - Overview of Advanced Powder—Making
Processes ; Fundamentals of Droplet
Formation

*M. C. Flemings — Theory of Dendritic Solidification
During Very Rapid Cooling

**J• B. Moore and A. R. Ccx - Progress in the P&W Rapid
Solidification, Program

Second Session - E. E. Hucke, Chairman

*N. G. Grant - Special Methods of Achieving Rapid
Solidification in Fine Particles

E. J. Dulis - Inert Gas Atomizat ion and Shape
Consolidation of Commercial Alloys

~O. D. Sherby - Fundamentals of Superplasticity ;
Extension to Refractory Metals

*A. G. Evans - Prospects for Attaining Superplasticity
in Interrnetallic and Ceramic Materials

Third Session - J. P. Hirth, Chairman

*Larry Kaufman - Calculation of Metastable Phase
Relationships

R. E . Maringer - Survey of Microcrystalline - and
Amorphous - Metal Technologies

***Fj ve_mj nute presentations on new ideas relative to
processing , structural control , novel properties ,
and applications; preparation of brief memoranda

Fourth Session - Morris Cohen, Chairman

Identification of important research opportunities
and potential applications

Recommendations to ARP A
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* A more complete writ ten account is to be published in the
f inal  report of the Materials Research Council Meeting for
1976 , ARPA contract M D A 9 O 3 — 7 6 — C — 0 2 5 0 .

** Written reports are issued under AZ~PA contract F336 l 5-76— C--5136.

***Brief notes to be published in the f ina l  report of the Mater ia ls
Research Council Meeting for  1976 , ARP A contract M D A 9 O 3 — 7 6 — C - 0 2 5 0 .
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SUMMARY OF THE CONFERENCE

ON THE STRENGTH OF OPTICAL FIBERS

A. G. Evans

The intent of this meeting was to discuss the fracture

of large lengths (‘~lkm) of optical fibers , in order to identify

methods for assessing the structural reliability of these fibers

in a variety of applications .

A presentation of the potential Navy utilization of

optical fibers by 0. A. Wilkins of the Naval Undersea Center ,

indicated that cable design considerations require that the

fiber be able to withstand relatively long time axial tensile

stresses of at least 100 Ksi and larger localized tensile stresses

(up to 500 Ksi) induced by fil’er bending .

It has been well established that optical fibers in short

lengths (‘i~lm) are capable of withstanding short time axial tensile

stress in excess of 500 Ksi. However , the statistical nature of

the fiber fracture process and the occurrence of slow crack growth

general ly  results in a much lower long term strength capab i l i t i e s

when the fibers are fabricated in very large lengths . The Long

time structural reliability of long fibers then requires an under-

standing of the time dependence and s t a t i s t i c a l  c h a r a c t e r  of the

Eracture strength , the development of techniques that eliminate

the f ibers at the ‘~ow st ren~~th extreme of the d i s t r i b u t i o n  ond ,
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if possible, the utilization of fiber strengthening processes.

Each of these issues was addressed by a series of four speakers.

The time dependence of fracture strength was discussed by

R. H. Dorenius. He emphasized the use of delayed failure data on

fibers to determine empirical relations (between the failure time

and the normalized stress) that provide a good description of the

data over the widest possible range of stress. The rationale

being that the use of such relations should enhance the confidence

in the extrapolation of test data to large times.

The statistical aspects of fiber fracture were described

by A. 0. Evans. He indicated how recently developed statistical

analyses could be used to characterize basic strength distributions

from tensile data on relatively small samp les, and then those dis-

tributions might be used to predict the strength of much larger

samples in the presence of both axial strains and bending moments.

He also discussed the role of strength distribution analysis for

identifying the source of most deleterious flaws.

The strengthening of fibers by the development of surface

compressive stress was discussed by P. Macedo . He showed how

compressive surface zones can be tailored by utilizing a molecular

shifting process and demonstrated the development of 20 Ksi

stresses. He also indicated that m ..ich larger stresses (>100 Ksi)

might be developed by depressing the glass transition temperature

of the inner zone relative to the outer zone . Such a strengthen-

ing process would be invaluable if the internal defects of the

fiber can be removed by more diligent fabrication controls.

— 4 0 —  
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The development of techniques for assessing the structural

reliability of fibers was addressed by J. E. Rit ter.  He emphasized

the use of proof testing , but cautioned that the effectiveness of

the proof test is strongly dependent on the proof conditions when

slow crack growth does not occur; and one such possibility for the

fiber is to insure that the proof stress is only applied at tem-

peratures of approximately l0O~C. Alternatively , if proof testing

has to be conducted at standard room temperature conditions , the

deleterious effects of the slow crack growth that occurs while

unloading from the proof stress must be taken into account. These

effects are not readily derived from available theory and Ritter.

proposed the use of laboratory scale testing to identify the cost

effect ive proof cycle.

— 4 L—

_ _ _ _ _ _



STRONG OPTICAL FIBERS

July 21 , 22 , 1976

AGENDA

G. Wilkins - Navy Requirements for Strong Optical Fibers

R. H. Doremus - Delayed Failure of Glass

J. E. Ritter - Engineering Design and Fatigue Failure of
Fused Silica Fibers

A. 0. Evans - Failure Statistics

D. Kalish - Fatigue Failure in Optical Fibers

Discuss ions

— 42—



-- —---~~__________

PARTICIPANTS AND VISITORS

STRONG OPTICAL FIBERS

D. J. Albares C. Kao
NELC Fiber Optics Laboratory ( 0P3)
Code 2500 ITT
San Diego , California 92152 Roanoke , Virg inia 24 019

B. Bendow C. Kaposhilin
RADC/ETSS Hewlett-Packard Laboratories
Hanscom AFB , Mass. 01731 1501 Page Mil l  Road

Palo Alto , Cal i f orn ia  9 4 3 0 4
J. R. Biard
Spectronics , Inc . R. Katz
830 East Arapaho Road Naval Avionics Facility
Richardson , Texas 75080 App lied Research Dept. D Sb

6000 5. 21st Street
L. Campbell Indianapolis , Indiana 46218
1662 Valencia Way
Reston , Virginia 22090 George Kosmos

Naval Electronics Laboratory
R. J. Considine Code 4400
3600 E. Foothill Blvd . San Diego , California ~2152
Pasadena , California 91109

R. L. Lebduska
Steve Cowen Naval Electronics Laboratory
Naval Undersea Center 271 Catalina Blvd .
Code 6513 San Diego , Caiifornia 92152
San Diego , C a l i f o rn ia  92132

Pedro Macedo
R. H. Doremus Catholic University
Mater ials Department B—lU Keane
Rensselaer Polytechnic Inst. Washington , D.C. 2O0l~Troy , New York 12 304

M. S. Mak la d
D. S. Fox Fiber Optios Laborarory EO?~~Hughes  A i rc ra f t Company ITT
Bldg . 802 , Room 507 Roanoke , V~ r~ :nia 240 .)
Tucson , Arizona 85713

R. D.  ~1aurer
J. S. Haggerty Corning Glass Works
A. D. Little Co. Sullrvan 7ar~z
15 Acorn Park Corn~ n~~, New lork 14830
CambrLdge , Mass.  0214 0

Matthew ~cLandrich
W . B. ~i11ig NELC
~eneral Elec tr ic  ~&D Ctr. 311.; . 4 , cde .500
Box 3 San J~e~:: , CaIif:rn~~ ~2l5
Schenectad~’, ~;ew ‘0—k 1230 .

— -t j —

.. -~~~~~- - .



—~—

A. F. Metcalfe J. E. Ritter , Jr.
Solar Division U n ivers i ty  of Massachusetts
Internat ional  Harvester Co. Mechanical  Engineering
2200 Pac i f i c  Hig hway Amherst , Massachusetts 01002
San Diego , California 92138

W. D. Scott
D. Pinnow Ceramic Engineering , FB-lO
Hughes Research Laboratories University of Washington
Room 2270 Seattle , Washington 98195
Malibu , Ca l i fo rn ia  90265

K. M. Stiles
M. Pomerantz Air Logistics Corporation
U . S .  Army Electronics Command Pasadena , Ca l i f ornia  91107
DRSEL-TL-ME
Fort Monmouth , New Jersey 07703 Paul White

Owens-Illinois Inc.
H. Rast Technical Center
Naval  Electronics Laboratory P . O .  Box 1035
Code 2500 Toledo , Ohio 43666
San Diego , California 92152

G. A. Wilkins
R. W. Rice Naval Undersea Center
Naval Research Laboratory Box 997
Code 6360 Kailua , Hawaii 96734
Washington, D.C. 20375

— 44—



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - , . - --. .- .

~~~~~
,

CONFERENCE ON METALLIC GLASSES

J. J. Gj].man

SUMMARY

To review the present state of knowledge about metallic

glasses , a brief conf erence was held during the annual meeting of

the Materials Research Council. This conference had the purposes

of informing interested members of the MRC about metallic glasses,

and of identifying the research approaches toward the study of

these materials that might be most fruitful in generating fresh

understanding .

Some of the questions that arose during the conference

on structure , mechanical behavior , corrosion resistance electrical

properties and the magnetic properties were addressed and suggestions

were made for finding the answer.
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The following pages list abstracts of memoranda , po-

sition papers and technical papers that were developed at the

1976 Materials Research Conference . Most of these , as techni-

cal papers , will appear in the Final Report of the meeting to

be published before the termination of the current contract.

A listing of these is as follows :

Metallic Glass Structures - J. J. Gilman

On the Mechanism of Shear of an Amorphous Metal - J. P. Hirth
A New Approach to Radial Distribution Functions of Glassy

Metals - H. Reiss and G. H.  Vineyard
Electrical Properties and Metastability of Metallic Glasses -

H. Ehrenreich
Prospects for Improved Flaw Detection by Acoustic Emission -

F. A. McClintock and G. S. Kino
Prospects for NDE of Powdered Metals - C. S. Kino
Interpretation of Ultrasonic Scattering Theory for Analysis

and Design of Flaw Detection Experiments — J. E. Gubernatis ,
J. A. Krumhansl and R. M. Thomson

Experimental Characterization of Defects with Elastic Waves
L. Adler , C. S. Kino , R. B. Thomson , B. R. Tittman

Variational Techniques for Scattering and Other Problems -

G. S. Kino
Discrete Model for Elastic Wave Scattering by Defects in

Elastic Materials - E. W. Montroll
Molecular Dipolar Pyroelectricity - W . H. Flygare
The Use of Bubble Domain Materials for Submillimeter Wave

Magnetic Devices - P. L. Richards
Heating Effects in High—Frequency Metallic Josephson Devices:

Voltage Limit , Bolometric Mixing, and Noise - M. Tinkham
Mechanistic Limitations on the Speed of Response of Electro—

chromic Optical Devices - R .  A .  Hugg ins

Fundamental Limi tations on Performance of Pvroelectric Vidicon
Detectors - M. Tinkham and A. Yariv

Closure Analysis in Fatigue Crack Growth - B. Bud~ ansky ,
J. W. Hutchinson , J. R. Rice

Dynamic Elastic Crack Tip Stresses and Displacements for
Frac ture  C r i t e r i a  - F. A. McClintock

Computational Needs for Prediczinq Plane Strain Fracture -

F. A. McClintock
Fatigue Crack Growth - P.  C.  P a r is
On the R a t i o  of Tens i l e  S t r ? n c t h  to Mod ulu s  of Ru~ ture ofCeramics - D. C. Drucker
High S t r e n g t h  O p t i c a l  Fiber  - R.  . Coble
H1 3h Strenoch Optical Fiber — A. C. Sv~ n s , F. A. ~cC1Lnzock ,

R. L. Coble
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Structural Reliability of Optical Fibers - A. C. Evans and
F. A. McClintock

Ultrasonic Flaw Detection in Ceramic Turbine Components -

G. S. Kino and A. G. Evans
Prospects for Superplasticity in Ceramics - A. G. Evans and

R. L. Coble
Ceramic Turbine Program - R. L. Coble
Fracture Mechanics and the Static Fatigue of Strong Silica

Fibers - D. C. Drucker
Thermal Stability of CFX in Fluorine - P .  Kamarchik and J. L.

Mar grave
Reactions of Li Atoms in Low Temperature Matrices - C. Krishnan ,

P. Kamarchik , P. Meier , R. Hauge and J. L. Margrave
ESCA Studies of Fluorinated PVC and CFX - G. Parks and J.  L.

Margrave
Chiorofluorocarbon Update , 1976 - J. L. Margrave
Solid Sources of Elemental Fluorine. I. Thermal Stabilities of

Solid Perfluorides and Superfluorides - J .  L .  Marg rave

Solid Sources of Elemental Fluorine . II. Thermal Stabilities
of Ternary Fluorides - J. L. Margrave

Very Rapid Quenching with Thermal Spikes - G .  H. V i n eya r d

Nucleation , Uridercooling and Homogeneous Structures in Rapidly
Solidified Powders - J. P. Hirth

Curvature Effects in the Thermodynamics of Multicomponent Systems :
Possible Effect on Dendrite Spacing in Rapidly Cooled Small
Liquid Metal Drops - H. Reiss

Rapid—Solidification Processing (RSP) of Thermoelastic Alloys
M. Cohen

A Key Bottleneck in the Exploitation of Rapid-Solidification
Processing (RSP) - M. Cohen

Comments on Alternative Methods that Might Be Used to Prepare
Superhomogeneous-Fine Particles of Metals - R .  A .  Hugg ins

Small Particle Technology - R. L. Coble
Theory of Dendrite Solidification During Very Rapid Cool ing -

M. C. Flemings
Pressure in a Spherical Cavity or On a Solid Sphere is Limited

by Instability - D. C .  Drucker

A Fluid Thermal Switch - H. Re i ss

Tight Binding Theory of Metallic Adhesion - W . Kohn and R.  Gomer
Effect of Electrolyte on Dipole Layer Potentials at a Liquid-

Solid or Liquid-Air Interface - R. Gomer and H. Reiss
A Mechanism for Liquid Phase Epitaxial Growth of Nonequilibrium

Compositions Producing a Coherent Interface - J.  P .  H ir th
and G. B. Stringfellow
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METALLIC GLASS STRUCTURES

J. J.  Gi lman

ABSTRACT

A model for the structures of transition metal-metalloid

liquids and the glasses that derive from them is proposed. Ex-

isting models are based on dense—random-packing of the metal

atoms with the interstices filled by metalloid atoms . The pro-

posed model consists of the dense random packing of specific

metal—metalloid clusters immersed in a sea of conduction elec—
4

trons. :e is believed that such a model can better explain : the

composition of the eutectic liquid; the relative stability of

the liquid; the viscosity minimum at the eutectic composition ;

and other physical  properties.

— 4 .
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ON THE MECHANISM OF SHEAR OF AN AMORPHOUS METAL

J. P. Hirth

ABSTRACT

Several mechanisms have been proposed for the shear

flow of metallic glasses. These models are shown to give ex-

plicit predictions of both the flow stress and the strength-

differential effect where the flow stress varies with the

total external stress tensor. Comparison of results for these

quantities show that the best over~ill correlation is with a

dislocation-type flow model proposed by Gilman . A complete

rationalization of data , however , requires a contribution of

a plastic-type dissipative term to the flow resistance.

—5 0—
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A NEW APPROACH TO RADIAL DISTRIBUTI ON
FUNCTIONS OF GLASSY METALS

H. Reiss and G. H. Vineyard

ABSTRACT

We suggest a novel way of w r i t i n g  approx imate  ecua t ions

which determine the radial distribution functions of multi-

component amorphous systems , including their time dependence

in non-equilibrium situations. Applications to the structure

of glassy metals are being worked out.

~1
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ELECTRICAL PROPERTIES AND METASTABILITY OF METALLI C GLASSES

H. Ehrenreich

ABSTRACT

The electrical properties and the metastabilitv of

metallic glasses , and their relationsh ip is discussed on the

basis of a “frozen liquid” model with a view of explorine the

general applicability of that model. Several cuestions con-

cerning the transport theory of metallic l iquids  are for the

most part resolved. These are :

1. The applicability of a theory based on independent

and strong scatterers (e.g., the transition metal constituents)

whose coordination is specified by the radial distribution

function .

2. The long standing puzzle concerning the effective

valence Zeff for transition metal li quids which fall s in the

range l<Z ~~~~~~< 2  independently of the liuuid under consLderat1o:~.

3. The role of the metalloid constituent :n e1ec ’ rcr .~~:

transport. Recent speculations by Tauc and Na.~el concernine

the metastability of metallic classes are examined usinc the

same viewpoint. These cons1der :~tions ire shown to be oons~ s-

tent with those concernin T the electricil prc.~ ert1es

accouritin for the necative tcm~:erct .ire ccef~ ~~~~ oi the

- ~~~~.- ~~- , -  .- 
-—-~~~~~~ .



resistivity o observed in many meta llic glasses and why this

type of behavior is found in glasses having large ~~~, whereas

for intermediate values ~ is either temperature 
independent

or increases wi th tempera ture .



PROSPECTS FOR IMPROVED FLAW DETECTION BY ACOUSTIC EM ISS ON

F. A. McClintock and G. S. Kino

ABSTRACT

A br ief  review of increasing needs fo r  f l aw  de tection ,

the coming use of f i n e r  gra ined mater ials , and development s

in transducers and signal processing resulting from the current

work on ultrasonic inspection are all factors indicating br~ qht

promise for improvements in flaw detection by acoustic emission ,

especially by distinguishing between shear and dilatational

sources.

— D ~ 
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PROSPECTS FOR NDE OF POWDERED METALS

G. S . Kino

ABSTRACT

A discussion of possible NDE techniques for cast powder-

ed metal structure is given. It is concluded that contacting

of curved surface using a mating curved part should not provide

a major problem. Detection of small flaws in the l0—50 ..m size

range and comparable to the grain size should be ve ry d~~fficuit

at distances more than a few mil limeters from the surface. The

use of focused transducers could help in this respect. Surface

waves could be used to detect small flaws near the surface of

the order of \/4 deep and in diameter where is the acoustic

wavelength . Initially measurements of attenuation in these

new materials must be carried our b ef o r e  good estimates of the

resolu tion cap abil~~taes of ~D: can be made .

— 2
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INTERPRETATION OF ULTRASONIC SCATTERI NG THEORY
FOR ANALYSIS AND DESIGN OF FLAW DETE CTION EXPERIME NTS

I .  LONG WAVE LIMIT

J. E. Gubernatis , J. A. Krumhansl, R . M . Thomson

SUMMARY

Recently~ it has been shown that the results of the

general theory of ul trason ic sca tter ing , in the f a r  f i e l d reo ion ,

can be compactly represented by a vector f. The experimental

dependence on inciden t mode , scattering angle change in proper-

ties, and shape can be systemized thereby. In the long wave

l imi t ~ may be determined exactly, and significant features oi

the flaw are to be found therein. We discuss this case for both

volume flaws and flat cracks. Comparison is made with some of

the resul ts of the Born (Rayle i gh—Gans ) approximarion which has

been compared to experimen t in some cases. The high frequency

L~ m~ t w i l  be discussed elsewhere.

~J. E. Gubernatis , E. Doman , J.  A. Krumnansl ~~~~~~~ be bi.:she~iJ. E. Guberna t~ s, E. Domany , J. A. Krumh ansl and ~~~~. Huberman ,
Renort ~2654, Cornell Materials Science C~~nt:r , also listeJ
is E RDA ~CO0— 316l—42.

~B. Thompso n , B. Tittman : Rockwell 2~e~ orr
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EXPERIMENTAL CHARACTERIZATION OF DEFEC TS
WITH ELASTIC WAVES

L. Adler , G. S. Kino , R. B. Thompson , B. R.  T ittman

SUMMARY

Experimental limitations on the information available

in an ultrasonic scattering experiment are summarized . Included

are e f f e c ts due to componen t geometry ,  material attenuation ,

critical flaw sizes , and wave polarizations. Within the experi-

mentally accessible regime , the ability of existing scattering

models to describe measurement regions where further work is

needed are identified. Needs and some approaches towards the

inverse problem , wherein defeat characteristics are estimated

from measured da ta , are emphas ized .

_  _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ti~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



VARIATIONAL TECHNI QUES FOR SCATTERING
AND OTHER PROBLEMS

C. S. Kino

ABSTRACT

The reaction principle of electro—magnetic theory has

been used to develop new var iational techniques for acoustic

wave problems . This has enabled us to obtain relations similar

to those of Kohn and Krumh ans l , and to Nemat-Nasser for Eicen

value problems .

By using this reaction crinc~ ple we have derived a new

type of formalism for scattering of acoustic waves from flaws

in materials. The great advantage of this scattor :ng formalism

is that it makes it very clear which stress terms and dioclace-

men t terms contribute to the scattering. It does not require

the dir ect use of a Gree n ’s f unc t ion techn ique. By s~ mp lify:ng

the mathematics , followin c established yrinci~~les , ‘.‘e :in reduce

the formula to a Born scattor:ng theory , and ha~-e iced .t to

obtain a scattering formula for the scatterinc .f ?ayl~~:~~h c’.ave

from a cylindrical hole drilled ~erpend~ cu1ar to  the sur~ ace of

a metal. This formula , in the rance where i~~ sna. . ~e

an~ ears to be in reasonable acreenent ~~~~ ~ : er:~~en~~~~ resu ts

o b t a in e d  by ~‘i~~rorov .

—
-
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We have then gone on to use the reaction principle to

derive general variational formulae for scattering from arbi-

trary defects. These formulae are complicated. So it remains

to be seen how useful they will be in their quantitative appli-

cation to practical problems . However , they may be extremely

useful for obtaining a qualitative feel for scattering effects.

- 5 ) -  
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DISCRETE MODEL FOR ELASTIC WAVE SCATTER ING
BY DEFECTS N E LASTIC MATERI A LS

E. W . Montroll

ABSTRACT

The developmen t of ultrasonic flaw detection methods

requires mathematical formulae for scatterinc of acoustical

waves by the flaws in the material be :nc examined. it is well

known tha t the application of trad~ tionel scatter~~nc theory

sca tter ing by defects has certain l~ m~ tations. one recu~ res

accurate expressions in the case in which rho scatrer:nc ceor~~r

is characterized by propagation rarameters far d i ff~~rent f r : n .

the norma l ma ter ia ls , one is restricted to :erta~~n ~eoTetr::a

shapes of the scatterer (spheres , elliy sc~ ds , and :vl~~nders )

for whi ch it is possible to f~ na a coordinate svstt rn in wh :ch

the wave equation is separable. ;~hile tne F -leiuh- ~ ans-born

approx imat ion is arplicable for an’: sha~:e, :5 acc:ra e~~~n 1:

in the limit in which the scatterer ~s ccoust::il ’. 

lar to the normal material and has i i m e n s~~cn s w h i ch  a n :  n e t

large compared with the acoustical w a v e L e n ~~:h .

We have developed a f o r m  of scitt~~rin~ ~hcorv fr~ n

which computer algor:thns can be preraroc wn en v~ e ;  scatt:n-

Ln 4 cross sections valid for unu sual sh~~ ei c c a t t • : r ~~r s  iu~~

scattertng centers whose ac’:ast::al chiracte r :s~~:z~ i r ~ f i r

irom those of the norma l mater:3 .

— — -
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MOLECULAR DIPOLA R PYROELECTRICITY

W. H. Flygare

ABSTRACT

The polarization of a liquid (or solution) of cylin-

dr ical ly symmetr ic dipolar molecules is ca lcu lated accor ding

to the Onsager theory of electric moments of molecules in

l iquids.  Then , assuming the li quid structure can be rap idly

solidified (fast freezing , or matrix technique) in the pres-

ence of the elec tr ic f i e ld , the polarization is frozen in.

The pyroelectric effect is then estimated on the basis of the

temperature dependence of the polarization . The molecular

model for the temperature dependence involves the fluctuation

in orientation of the cylindrically symmetric molecule in a

cyl indr i ca l  potential in the solid . Quite large pyroelectric

coefficients are estimated for simple dipolar molecules.



THE USE OF BUBBLE DOMAIN MATERIALS FOR
SUBMILLIMETER WAVE MAGNETIC DEVICES

P. L. Richards

ABSTRACT

Several classes of magnetic materials are considered

which may prove usefu l  for  submill imeter wave magnetic devi ces.

Progress has been made recent ly  in the prepara tion of large

high quality crystals of two of these classes , the or th o f e r r ites

and the garnets , because of their use in bubble domain dev ices.

The magne tic resonance proper ties requ ired f or these

app lications include narrow resonance linewidths , and the ability

to tune the resonance to the required frequency by means of

cha nges in composit ion or by a magnet ic  f i e l d  of moderate  su r e n c t h .

These properties are difficult to achieve simultaneously, but

some useful cases may be found among the rare earth substituted

orthoferrites and compensated garnets. The S-state ant:ferrc-

magnet  M~~F, also has useful prope rties.

The use of a tuneable  ma gne tic resonance absor~ rion as

an order sorte r for  a s u b m il l i m e t e r  F a b r y  Perot  i n te r f e r e m e t e r  or

as a selective absorber for a therma l submillimeter wave detector

~s suggested. I n this  way ~t Should be poss:hle to ma -ze a mae-

ne tic f ield  tuned spec trome ter th at is s~ mvle , more efficient ,

has high er thro~ qhput , and hichor resolut:on than carte ~n .  used

tuneable submill~ meter spectret-.et rs. 

- .. .~~~~- - .- ~~~~~~.



HEATING EFFECTS IN HIGH-FREQUENCY METALLIC JOSEPHSON DEVICES:
VOLTAGE LIMIT , BOLOMETRIC MIXING , AND NOISE

M. Tinkhani

ABSTRACT

In this paper , we analyze nonequilibrium effects within

a simple heating approximation for the case of metallic Josephson

weak links which have a favorable three-dimensional cooling

geometry . Our principal conclusions are: (1) The temperature in

the center of the junction with voltage V applied is T
m

[T
b

2 
+ 3(eV/2 rk) 2 ]½ where T

b is the ba th tempera ture , e is the

electronic charge , and k is Boltzmann ’s cons tant . This  T
m can be

as high as 70 K in Nb po in t con tacts on a hi gh Josephson step;

thus  the device no ise tempera ture T
N ~

(T
b
+T

m
) can greatly ex-

ceed Tb. (2) The critical current falls approximately as e~~ 
~0 ,

where P is the power dissipated in the junction and P~ is

typicall y 10 uW for  Al , Sn , Pb , and Nb , bu t muc h sma l l e r  fo r

Nb 3Sn. This leads to a decrease in the amplitude of Josenhscn

steps at high voltages which is in good agreement with data on

the best Sn variab1e-thic~ ness microbrid ges and Nb point con-

tacts. In a junction of optimized resistance level , the over-

all maximum voltage at which microwave-induced steps can still

ex ceed t h e  noise ~s pr ed : c tod  to be p r o p o r t i on a l  to

where  ~ ~s the  solid a n c i e  of th~

_
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th ree—dimens iona l  cool ing ,  ~ ( 0 )  is the e x t r a p o l at e d  coherence

length at T = 0, is the res idual r e s i s t i v i ty  of the meta l ,

and u .  is the microwave f r equency .  ( 3 )  The therma l response

should be fast enough (u:
GL

) to allow de tec t ion  (he t er o dvne  or

square-law ) with bandwidth as large as the energy ga~ frequency;

it is estimated that this bolometric detection effect will

dominate true Josephson detection for carrier frequencies above

u3 THz (i.e., X ~ 100 ~m) in j unc t i ons  wi th res istance 10 2 or

less.

— 6 4 —
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MECHANISTIC LIMITATIONS ON THE SPEED
OF RESPONSE OF ELE CTROC HROMIC OPTICAL DEVICES

R. A. Huggins

ABSTRACT

Non-volatile electrochromic devices for both araloQ and

di gital information storage and display by means of e l e c t r i c a l ly

control led  changes in optical  r e f l ec tance  or absorp t ion  are be-

ing in ve st igated in several laboratories. Broad absorpt:on

ba nds in the i n f r a r e d  may also lead to var ious  o ther  ty~ es of

applica t ions .

A general description of electrochromic systems is pre-

sented , along w ith the p r i n c iples of their operation , and the

range of operating charac teristics of present systems .

The physical mechanisms involved in the operateon of

the se systems are reviewed, and the limitations upon the speed

of response under several  sets of l i m i t i n g  cond i t ions  calcu-

lated .

Requirements for the active materials in electro-

chrom ic systems and the possibilities for the development of

all solid systems are reviewed.
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FU NDAM ENTAL L I M I TA ~TIONS ON PERFORMO.NCE OF
P Y R O E L E C T R I C  t’IDICON OETECTORS

M . T~ nkha m and A . iar~ v

ABSTRACT

Eve n if  one were given a py roe l ec tr i c  m at e r i a l  w i t h

a r b i t r a r i l y  large pv roe lec t r i c  c o e f f i c i e n t  and a no~ se1ess

readou t  system , the s en s i t: vir v  of a n v r oe l e ct r~~c -.- e d e o on

system would be limited by thermodynamec fluctuateons. :n

t he s paper we first treat this ideal 1:mit , then consider rho

degree to wh~ oh practical systems anurnach :t , and i : n a l l;

a n a ly z e  the p o t e n t i a l  f o r  im p r o v e m e nt s .  F r -am oar  a n a l ys : s

we conclude that:

1. The best present pyroelectric vidicons already

have sensitevities that are close to the Lemet set. by teermo—

dynamic fluctuations in. their retenas. rh.~s m ere :s rrobabl y

oni , l i m i t e d  scope ~c: 1-u.~ra  2 3  oe~~ rn~~-’c L t n e r

t~ on 0: ampli::er and electron ream nomse , altar an impro’ : - !

pyroelectric matar :aL mir;ht radac-~ the stria ~enc’  of

.amrlifier re:~u r-ements.

3. the onlv dir-oct route t. wa r d :r -tte r ~~ r farm ~ nc

hi L :w.~r:n both rho t..~-r :na1 conduct ~n oe ~n h2 i ~ - : , c:t’:

the r- :t:oo , -350 0nriall: b’, maktn2 it thin :- r . I: :

ea ae :~~ In i  :: ~~, it i~: .r ~~rs in ninc:rPa -:ss:. , • -
~~~~~



with  a r e t ina  as thin as ul.4~ m , wi th a 25—fold i nc rease

s ignal  and ~5—fold increase in fluc tuation noise relative to

a 30~ m re t ina . A 5 — f o l d  reduct ion  in m i n i m u m  d e t e c t a bl e

temperature difference would result if such a thin retena

could be used . The increased res~ onsi”ity would actuall y

make a m p l i f ie r  r e a ui re ment s  less s t ri n oe nt  tn an  ifl rresent

devices.

3. R e t i c u l a t i o n  of the  r e t i n a  can inc rease  s p a t i a l

resolution at the expense of t empora l  r e s o lut i o n , but  only

a proportiona te reduction of both heat caPacity and therma l

conductance can improve sensitivity wethout chance of response

time .

4.  If much thinner retonas can be ie’:elo: ,

be important to devise improved readout scheme s ~~~~~ :n.’c lv:

less ene rgy de posi tion in the  r e t en a , in cr i e r  t n t  tno : 1

potenteal benefit of reducing the therma l conduct m o o  o~ the

retina can be realized . 

- - . - - - - -- 
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CLOS U RE ANALYSIS  LN FATI CU E CRA CK GROWTH

B. Bud iansky , J. W . Hutch . in son , J. R. Rice

ABSTRACT

Experimental studies have indicated that the ‘e-arel

mechanical phenomenon of crack closure may be a sicom ficant

fac tor in fa tigue crack growth. Plastecallv stretched asper—

iti-o s left behind an advancroc crack te~o mao cause the crack

to close up p r i o r  to a t t a i n m e n t  of t h e  m e n ~~murn load . O u r e n g

the p o r t i o n  of  t h e  load cyc le  10 wh :ch  t he  crack t i r  is c losed ,

~t is essentially inirnune to chan m~ ng load . A model :nclui:nc

crack c lo su re  u n d e r  steady cyclec lcadir.e has been form ulated

where th e load , as measured by the stress entens:ty factor H ,

varies between H and K . . The model is an extenseon oi taomax nun

Dugdale mode l and incorporates a :es:dual streton behind the

cr ack t i p as shown on F o g .  1. Forst emotact of the s:rfaces

occu rs a d o s tan c e  beh ind  the tin ~t a value LK below l~~~~ .

The d en en i e nc e  of  these -~uar~t :t i e s on , t c - T e t n e r  -.‘,- o t n  t h a t  ofR

the reverse-I plastic zone size at f:rst cent ion 0
’ a r e  she-~ n

in Fim . 2. Hero . m d  d c n c~~- m e  ulast :c eon’: sI z emix ma;’:

and crack t :p  ~- r o n o n :  i o s r l  i :er : - n r  ~ r H .

The resodual strcr :a :e zr’— ;n-~ :ni : .~~~ c’, ’ he

r ~ ;aorament for aternal cons:.~t - ’-. f ’ .’ n o  :ts ma :n : a ~o h

- -
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that the surfaces immediately behind the tio are closed at H
mm

with stresses which do not exceed yield in the contact region.

Preliminary estimates have been obtained far some quan-

tities of interest for the case K - = 0. We findmon

3 / 3  = 0 . 8 6  , ‘ ‘/ ~
, = 0.093R ma x max

whe re the value of ~~~
‘ pertains to K = K - and is less than onenun

half of the corresponding value found when closure is iencred .

From Fi g. 2 it can be no ted tha t f irs t con tac t occ urs fo r

,K /1< 0.50 with an associated reversed plastic zonec max

0.07. Relatively little further reversed plastocc max

deformation takes place after first contact. Thus the effective

variation of the stress intensity factor experienced by the

mater ial undergoing reversed straining at the tip if

0 . 5 0 K f o r  K = 0 , in accord wi th El be r ’ s experomentalma x nun
f i n d m n o s .

We intend to sharpen the definition of .lK
eff and then

exolore the effect of load ratio , K - ‘K . Extensoons tomiri  max

variable amplitude loadings will also be considered.

~ 

~~~~~~~~~
. _ _ _ _ _
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DYNAMIC ELASTIC CRACK TIP STRE SSE S AND D ISPLACEME NTS
FOR FRACTURE CRITER:A

F. A. McCiintock

ABSTRACT

For dynamic  c rack  growth calculations the fracture

cri terion cannot consist solely of the critical stress in an

element , because the critical stress intensity factor would

then depend on elemen t size .  Ra ther , the cr ack veloc m my

should be taken to be a function of the dynamic stress sinqu-

larity. Equations for the necessary stress and displacement

fields are gathered from the literature and plotted to show

the very marked distortion that increases from l0~ throuch a

fac tor of 2 a t speeds of 1/3 to 2 ,’3 of the Rayleigh wave

velocity. The crack openings between elements near the crack

tip can be used with these results to obtoon the i,~nam:c stress

singulari ty, and hence , from test data, the current crack

velocity . 
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COMPUT ATIONAL NEEDS FOR PRED ICTIN G
PLANE STRAIN FRA CTURE

F. A. McCl oratock

ABSTRACT

Numerical  solutions in plane stra in  p lasticity are

needed to hel p pred ict f rac ture from small , rela tively ~ 1astoc

or creep—fati gue types of test specimens; to pre imot possible

improvemen ts in alloy microstructure; and to test semi-

empirical fracture criteria. Plane strain is chosen to allow

modeling of most of the physical mechanisms of fracture ani the

effects of triaxiality , because am least some analytical solu-

tions are ava i lable , because of the feasibil oty but hi gh cost

of numer ical solutions , and beca use the me thods fo r p lane

strain can be easily extended to plane stress , hut cot neces-

sar ily converse ly .

An outline is presented to ne.Lp catha: ::a:rrmatoan

plann:ng, coora mn ating , ana onternret :no soon nemer~ cJ~ so~
t i ons  fo r  problems i nv o lv in c  f r a c tu r e  u n d e r  mc r’r:onIc or rn-

peat-ed loads.

— I 3~• 
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FATIGUE CRACK GRO;cTH

P.  C.  Par i s

ABSTRACT

A review is g iven of fa ti gue crack grow th , with par-

ticular reference to the role of crack closure as a basis for

understanding load ratio and overload effects in fatigue .

-_ . - - - ~~~~~~~~~~ -‘ — - - - .-- -- ,- - - - -~~~~~~~.~~~~—~~~~~~~~~-
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ON THE RATIO OF TENS ILE STREN GTH TO MODULUS
OF RUPTURE CF CERAM ICS

D. C. Drucker

ABST RACT

A di rect  tens i le tes t of a br ittle ma ter m a l , such as a

ceramic , requi res  grea t care in al icnm en t ot load and s~ ec mm en .

Stress concen t ra t ions  due to fillets and end attachments are

very troublesome . It is far more convenient to perform a bend

test which offers just a few easily solved prob lems  of supp or t

and load point constraint. If the material everywhere is

linear el astic to failure the modulus of rupture , Mc , is the

tensile strength of the material in the outer recion of ma :~:~ mun

stress. A tensile specimen of toe same Jomens ions as toe beam

would be expected to fail at a somewhat lowe r Stress because

the number of flaws of a given size in its surface or volume :s

so much greater than in the small remi on of oouh tens :le stress

in the beam.

The majo r point to be made here ~s not to h::hl::n.t ~a~~s

well—kno -’ra statma t ical effect wh Lon :urror’tl ’, Ls ti- : :n I n t O

account. Rather it ma to b r _ n :  cut ec u 3ll: ,,e l—-: n cn effc:t s

that nowadays tend to be : :cor-~ I alrh c m :h t h e y  cause the - r d . l

of rmrtu re no be an annroc~ ~hle .‘:~~ -ostL:cat of tens~~ e at:-: ‘‘‘h .

These :nc I ~de c ro o n , p 1 a s m  IC do farp i~ ion , a table :rac~: m a ;

—

-
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and crack growth prior to final fracture . Pl-asti coty or hi~~hlz

nonl inear  creep leads to the well-known factor approaching 1.5 ,

found for sintered tungsten carb ide , even when so localized at

the boundaries of the ceramic particles or cramo s as to give an

apparently linear load-deflection curve to fracture. Extensive

stable cracking or much larger creep rates in tension than com-

pression shifts the neutral axis and can give ratios of modulus

of rupture to tensile strength as high as 2 or 3 in ex treme

cases.
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HIGH STRENGTH OPTICAL FIBER

R. L. Coble

ABSTRACT

For the programs underway , emphasis has been placed

on glass fibers and claddings ; support of the development of

crystalline fiber is warranted because :

1) Crystalline A1 2O 3 fiber (1 to 125 mils diameter)

has been grown continuously at rates up to 200”/hr (at a net

cost that is regarded as competitive with other high modulus

reinforcement) ;

2) The intrinsic attenuation is lower for crystalline

f iber ;

3) The susceptibility of Al 2O~ to strength degradation

due to handling or to static fatigue due to water vapor corro-

sion is much lower than for silicate based glasses (the average

strength achieved in uncoated Al203 f i be r  a f t e r  hand l ing  was

-~900 Ksi in a humid atmosphere).

An analysis of cost projections with equipment desi gr.ei

for production (rather than laboratory operation) is needed ,

and an investigation of purification effects on increased growth

rates and reduced attenuation losses is warranted because Posotive

resul ts can be expected for both if this procrarm is pursued .

Growth of crystals other than A 12 O 3 which are more arnenacle to

the developme nt of graded indices of refraction shculd alsc

be suppor ted ~e.g. MgAl~ O,).



HIGH STREN GTH OPTICA L FIBE R

A. G. Evans , F. A. McClintock , R. L. Coble

ABSTRACT

The h igh  strength opt ical f i b e r  developmen t programs

have in common a lack of agreemen t between the strength tests

on short fiber and the strength exhibited in long lengths; the

strengths in short lengths being greater than that found in

desired service lengths . It is not now known whether thos dis-

crepancy arises from: 1) inadequate assessment ci the low stress

probab ilities of failure because of small sample sizes; or 2)

a second flaw population not related to the sources of those

which govern the small sample strengths; or 3) aging effects;

or 4) further damage sources in proof testing , handlinc , cable

f ab r i ca tion , or early serv ice testing. Of this croup , nosit:ve

approaches toward answers can be made to several of the orch mm

areas , while the possible entry of unrecognized variables ore—

cl-abcs definitive analysis ci the remainder.

1. State—of—the—art statistical analysis t-mo hn : u-eec

and test techni-zues to generate the Wembu ll pa ramet ers ire

stramghtforwar z for determinatoon of woother the  s n o r t  v er s u s

lonc length samoles ’ flaw populations ar-c s m n z c b i m o d a l .

2. Fracture of the lonoer lencths takes olace am 1

_  A



stress levels such that the specimen does not dmsmntegrate.

Both ends of the samples at each break should be collected for

iractography ; examination of the fracture surfaces to trace to

the or igin and inspection for inclusions , pores , surface parti-

d e s , or surface irregular ities , and beam probe analysis oi the

f r ac tu re  su r faces  and ori gins should reveal whether extraneous

matter is responsible for the problem.

3. Ag ing effects only arise with flaws present , imposed

tens i le  stresses , and a corros ive env i ro nmen t . In th is case ,

the generally unspecified histories of sample handling, s to rage

and cable winding from past data can not be unravelled. However,

procedures for these operations can be designed to ame liora te

the conditions such as to reduce strength degradation in aginc .

4. Other possible damage sources are not specified

except for those which might arise in proo f testing: stick-sli p

on the capstans used in continuous testing , and damage due to

flaw growth during unloading. Both could be eliminated by

1) making the capstan surface very compliant (tangentially) sad

2), proof nesting mn limuid nitro-zen, resoect mvely.



STRUCTURAL RELIAB L TY OF OPTICAL FI3EP~S

A. C. Evans and F. A. McClmntock

ABSTRACT

When optical f i b e r s  are f ab r~ catei in cccv laree

lengths (01 km) , a significant pro~ ortmon of fail-ares are

commonly encountered at relatmvelv low stress levels. :t ~ s

i m p o r t a n t  that these fam lures either be s t a t m s t m c a lv nredm:-

table or be eliminated by proo f testing.

Methods for character~ :ing strength dmstrm out :or.s in

ap tmca l fibers from tensile teats on relatively snort finer

lengths ore described ; and the use of such ims:r :nutions for

pred~ ctinc famlu re on lonc lengths of imber , sebject :i to s:-:~ sl

stramns and localized bending moments , is .~msc- ;ssef. .klso , toe

role of strenuth d i s t r i b u t m a n s  as the m solatoon of ic-fec: or:—

g i n s  15

The proof  r e st i n c  of  oatmeal fi~oers to :rur c ar -n roe

stren ~th imstr :autton at an ~rnroacLat- : s: rea :th leve l ma in

atr:a cti-Je poss mbmlltl’ . Powever , p r - ~cf t-: s::-~ : :n • o nv : : : n m e n  5

t h a t  ca  ;se a m - : n m f  L c an t  s l ow  cr ock or a~th :Les nor necessa:

p:c-iucc- to.- ~e s :r - - u  r ’ en - :o t :~~a .  The k- - .- r-~ iam:onshm as r .t -~ 

the -u rcof rest c- -c 1- - and nh-n :~ sul ‘~ ant c - :-c:. 0 r cn

ic-’ nn .s :esc r :n~? , to p r c - ’i d-~ e r~~:o~ ns -e f ar  : - ? ‘ - t a : - . :  ‘:f f ‘ —

- 30-
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tive proof cod es. Alternatively , proo f testing mmcn t be c:n-

ducted at temperatures , <- —100°C , where  slow c rack u r o w th sacs

not occur . Heat transfer through coated optical fibers nsa

been evaluated to demonstrate the feas :bilmty of proof testIng

at such temperatures.

1~
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ULTRASONI C FLAW DETECTION IN CERAMIC T U R B I N E  C C M P C N E N T S

C. S. Kino and A. C. Evans

ABSTRACT

Severa l types of surface and internal defects can be

created in the fabrication of cornmtex ceramic components such

as turbine rotors. Certain of these defects should be amenable

to detection by ultrasonic waves. :~ence, short and ion:: term

ul trasonic approaches tha t mi ght be used to detect such defects

to both the preform and sontered cond :tmon are discussed . For

short term reoucrements , pr imary emphasis is placed on the

detection of relatmve tv large flaws ism nq exm stinq circ-emtrc ma

conjunctton with s:ncl-e transducers dosioned to induce emthe r

s u r f a c e  or bulk waves on the 2 to 20 ~1b: :ar~~e. For lone -o r

term problems , the potent ial or multm -troo sd-acer 3-scan and

m m s c i n g  sy s tem s  t o r  u se a t  :re~~ueoc1es on to 400 ~-~dz ar-c

ex~~lo red.



PROSPECTS FOR S U P E R P LA S T I C I T ’ I I~ CER~~~IC5

A. C. Ev ans and R . I. Conic

ABSTRACT

The d e f o rm a t t o n  c h a r a c t e r m s m : c s  of p o l m ’ o r y s t a i l m n e

ceramics have  been e x a m i n e d  in o r d e r  to b e t er m o n e  t h e  p r o s p e c t s

fo r  attainanu sucerplastoci :-; . The s t r e s s  dependence of t he

deformation rate (m for most ceramics anmears to exhm bm t a

useful range of temnerat~ re and stress wh~~r~~on ::lastic stah:lm ty

(rn - i) s h ou l d  be r e a l i z e d . bowe m’er , the d e f o rm a t I o n  of t n i ~~ul

ce ramic  ~ o1m ’ crv s ta 1 s  ( w i t h i n  t n i s  r e q mm e  of  st r e s s  sod memno ra-

t o r e )  in the  p r e sence  of a t e n s m i e  s t r e s s  m s m n v a r m a b l y  a cc u• :n—

p an m e d  by the forms t:on of cracks or cavities. Three appr : aches

have been :dent:fied that oim.4ht lommt ohms crock ic-celoonco:

(a) the use or a multiohase scatem wh:ch ram s a loran pruner-

t m o n  of c:sco-es phase  at  tb-a s e r o r m a t m o n  temnerst~ re , (b) tre

a p ol oc st o o n  of h m -d r o s ta t : c  c o m a r e a s m a n  in  toe i o r m m n . ro c e s s ,

(c the design or mo crastructur-e s that anommuze toe  m m c c c —

st r u c t- .~r al  s iz e , the coef:meients of Joftasmon a n d  t h e

boenuary --‘iscositv . The l at ter  s o n :  caca , wo man m a too most

de s i r a b le in te rms  ci both forming fa c i l m t ’ .’ inC mate rm a l jual-

i t o  (croem and fract-or : resIstance ) a: ter so: r: l a . ; t m c

a t mo n nas neon e:-:am.mne ’ mn :enuo~ , -o in::: : t o  a :::‘- st : ~-:a rot

m m c r o s t m ’ o c t a r a l  i o s :~~rm ~ ::~d m . i tho~ mm :a~ m m - s a l t  :n t o n s I l

aon - :rol iatmc:~~:’.

—d 3— 
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CERAM IC TURBINE PROGRA M

R. L. Coble

ABST RACT

The Ford ceramic turbine demonstration program will fail

unless defects generated in fabrication can be eliminated f r o m

I a l l  par ts  or a NDE or e a r l y  proof tes t  t echn iQue  can be used to

i d e n t i f y  pa r t s  tha t  are f r ee  f r o m  d e f e c t s  to be processed

t h r o u g h  s i n t e r i n g ,  h u b — b o n d in g , sp in  t e s tin c , and f i n a l l y ,

engine  t e s t i n g .  Improved gr i n d i ng  and c l e a ni n o  p r o c e d u r e s  f o r

the powder , and an emphas is  on a v oi d an c e  of c o n t a m i n a t i o n  to

processin~ are essential to elomonate mn clu smcns la r c er than

the p a r t i c l e  s i ze  t h a t  is basic to the S m 3 N 4 c h e m m s n r m ’ . Cth e m

f a b r i c a t i o n  f l a w s  w h m c h  or~~om o a t e  f r o m  i n j e c t I o n  m o l d i n g  may

be su rveyed  in the a s- i ab r mc at e d  c o n d m t i o n  by s u s o c o sm o n  of

t he  n ar t s  in a v a r i a b l e  d e n s i t y  l m u u : J  column or a temnerature

c o n t r o l l e d  l i q u i d  w i t h  a d e n s t oy  t h a t  :matc h s the a s — f a o r m a a : - ~ i

marts. these should help to Lient~ fo the pm -nan-nc - : ~f I ow den-

s i t y  reg ions in the  parts that evolve mnt o large fabr mcatmon

vomda ucon s:ntcr:ng . O~~t -~ r n a : i c - c y , camo t- :ctiO : i:ter burn-

out of the  p o l ym e r ~sed fo r ma :ecti: n mol di a: ~1 ilsc’

aced to ci r m m n  a t son:: I ~a t o  : ni e a  m m  o n l e  : aPr : c i  n ‘oc- C a

f r o m  r :l - .~ :~c~
;u i t ~ ~n .

-— .

~ 
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To assist in the identification of fabrication flaws ,

fractography should be applied to all samples prevm caslv

broken (when possible) and also to other f in~ shed test samples

or components after destructive testing. Binocular optical

microscopy w i t h  a d i f f u s e  li ght source and s c a n n i n g  e l e c t r o n

microscopy , coupled with beam-probe anal sm s of identifiable

i nc lus ions, should be used fo~ tracing back to the sources of

extraneous included matter. Otherwise , the shapes and sizes

of holes , pores , or cavities and any change in the local cram

size or pore distribution near the fracture source in compari-

son with the average (good?) matrix microstruc tore should be

noted .

- 5-



FRACTURE MECHANICS AND THE STATI C FATIGUE
OF STRONG SILICA FIBER S

D. C. Drucker

ABSTRACT

An explanation is proposed to resolve a troublesome

paradox reported by John Ritter. Fracture mechanics conceots

provide a consistent correlation of the t e n s i l e  s t r e n g t h  of

very strong s i l ica  f i be r s  w i t h the i r  t ime tc f a i l u r e  in statm c

f a t i g u e  at lower stress. Similar consistency is found f o r

convent iona l  f r a c t u r e  mechanics specimens with p u r p o s e f u l l y

introd uced mac roc racks .  The e m b a r r a s s i n g  pa radox  a rm s e s  w h e n

the da ta  ob tained f rom macrocracked specimens is app l ied to

the f i b e r s ;  the  s ta t ic  f a t i g u e  l i f e t i m e s  as predicted from

t he i r  t ens i le  s t r e n g t h  are many o rde r s  of m a gn i t u d e  toc I o n :

and the exponent -N of the s t ress  d e p e n d e n c e  is -35 in s t e a d

of — 2 0 .

The ex p L a n a ti o n  o f f e r e d  h e r e  i s  that the - ‘cry  a m a  I

s u r f a c e  mocroc racks  or e q u i v a l e n t  d e f e c t s  cause  t he  e f t c - a t i ’ e

s t ress  i n t e n s i ty  f a c t o r  ~ at the surface ai the fmsctur -ce

mechanics spec mmcm. to se uan re cmab im’ h :  ;n c -r  tha : :  t h e  :~: for t oe

macrocrack itself. Rap:J b ro tt lo fractu re occurs and ;r ~c nr ~~a —

o s l l m ’  in c r e a s : n m  l : i 3  .~hcn , no:  ~< , r c a c h . -s the cm:: m c i i

value of K 1 . ~-awever , it  :s o n :  oat  ~ :: to contr ~c to.

— ~ 1~ —
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slow advance of the macrocrack in the 1000 static fatieme l:ie-

t imes regime . A hidden or ignored r at i o  of K
e

K=2 would succo r

as () N in the expression f o r  t ime  to f a i l u r e , and g i v e  the

conseq uent enormous overestimate (o r  order l0 ’~~) of st s t tc

fa t o gu e  l i f e t i m e  of the fiber based on Its tensile strength .

I t  also would accoun t  f o r  the apparen t increase  on N , an d  so

f u l l y  reconcile the s t a t i c  f a t i gue l i f e t i m e  d a t a  f r o m  the  s t ron g

f i b e r s  and the f r a c t u r e  mechanics  spec imens .



THERMA L STABILITY OF CFX IN FLU OR INE

P. Karnarchik and J .  L. Margrave

ABSTRACT

The therma l decomposit ion of CFX ( ca rbon  m o n o f l u o r i d e

of va r i ab le  sto ich iomet ry ) has been studied ove r a ra nge of

temperatures in vacuum , in °2’ in N2 and in F2 .  Also , the pro-

ducts c decomposition have been collected and characterized by

matrix- isolation spectroscopy. In vacuum or in N2 the decom-

position proceeds extensively at 500-600°C to yield mainly C
2F4

(gas ) w i t h  smal le r amoun ts of CF 4 (gas) , C7F6 (gas) and C
3F8 

(gas)

In the presence  ci 02 ,  some COF 7 is also formed w h i c h  J i s s o ct at e s

to CO., and CF 4 .

In toe presence oi F7, :oltd CE X decomposes v e r y  s i o w ly

even or 300°C. It appears that F. at a level of oni 1—2 ’ m s

sufiic :ent to suppress CFX decompositmon. Thus , solid car5~:n

or :m i ch t t e  ob :ec t s  w i t h  a C F X p r a t cct i ;e  l a yer  sh ou1n he~~~ a e f . . l

in toe or-asence of elemental iluo rmac a: temcerot~~m-a s of 1500°C .
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REACTIO N S OF Li ATOMS IN LOW T E M P E P ~~TP R E  M?~T R i C E S

C. K r o s hn a n , P .  K a m a r c h o k , ?. Meier ,
R. Ha-age and C. L. M a r gr s v e

ABSTRACT

In matr ices  of Ar , N 2, 02. etc., at low temperatures

one can observe electron—tr ansfer processes I000ll-’inc Li , Na ,

K , etc., as electron donors ‘is IR , ~arnan and  ESR sp ec t roscoon .

Thus , in the presence of CO one obse rves  CO . C 2 0 2 ,  and

This  l a t t e r  ion ( O — C E C - O )  ta of consoderoule octeotmoi l as a

starting material for organic syntheses.

W i t h  H 2 0 , H 3N and v a r i o u s  arn ines , one asse rve s  p a r t i a l

charge  t r a n s f e r  and reac tions l ike

Li -
~

O---H
H ~~~0 L i  O H - d

7
C ii

With C734, C7H2 and va r ious C 7 H 3.K once-mac m ere

p a r to o l  charge  t r a n s f e r  and , in  some cases , :ialo:en abstrac:~~:::

to  f o r m  LiX and a hy d r o c a r b on  r a di c a l .
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ESCA STUDIES OF FLUORINATED PVC AND CFX

C. Pa rks  and J .  L.  M a r e - r a v e

ABSTRACT

ESCA studies of CFX samples of various stoichiorrietries

have failed to show any evidence for intercalated F or F 2 in

the layered s t ruc tu re. Only  —C-F and CF 2 tymes of f l u o r i n e

were identi f i e d .

The react ion of F 2 w i t h  th in  f i l m s  of c oly v i n y l  c h l o r i d e

has been mon itored by ESCA. The hydrogens are sucessively re-

placed and a f t e r  long f l u o r i n a t i o n, the polymer is c o n v e r t e d  to

+C2
F
3Cl*~~

; no chlorine is displaced.

- i ) —
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CHLO RO FL U OR OC A RBON U P D A T E , l~~~6

J. L. Margrave

ABSTRAC T

In order to a l low a rel iable  eva lua tion of the po tentia l

effects of chlorine—con taining molecules being introduced by man

into the atmosphere there have now been several samplIng stadtes

at various levels to establish the concentrations of CC1 ,,

CC12F2, CC1
3
F , HC 1 , etc., as e-uantitativel~

, as possoble.

There is still evidence for both a nat -ama l origin and a

na tural  s ink for  CC 14 .  Also , HCl and CC14 can result from hi~~h

temperature reactions in fumaroles and volcanos. A new molecule ,

HCOC1 , some ionic clusters and the C1O ion have been studied

e-uantitativaly . The importance of carbenes on the ~oce r atmo-

sphere is still unknown .

When the available data are inserted into the crone

layer model calculations , it is attll not p o s so b l e  to m a k e  ic-

fin itave statements about the relative effects of n a t u r a l  on~:

anthropocenic chlorine on the ozone layer th : e - .- :nes s. As a f :r s t

iteratoon , it now appears that ‘nat- omal ’ JCI. and t he  o a r :  r : s —

i n g l y  h~ e-h HC 1 c o n c e n t ra t i o n s  in the  s t ra t o s p her e  t o r i  t o  m

t he  t h re at  to the ozone layer by anthr e:n:e noc :hlar :ne. It mc

ob vmeis that there is sti ll a Lot o: aokno -~n -:nen:s:m’.- 0

a t m o - S n O e r e  to be elac:da:-~i.

_ _ _ _ _ _ _  -~~~~~~~~~~~ - - --~~~ ~~-- -~~~~~_~ -- 



SOL I D SO U R CE S OF E LEMENTA L FL U OR INE

I . TH E RMAL STABILITIES OF SOLID PE RFL U OR I DES AND SUPER F LU OR:DEs

J. L. Margrave

ABSTRACT

Various possible interactions of elemen ta l f l uor ine w ith

ionic or covalent fluorides to provide -fF-F+ (perfluoride) or

+F-F-F+ (superfluoride) character are considered from the view-

points of thermodynamic cycle and bond energy arguments. Pre-

l iminary  calculations sug gest tha t ionic  sol ids  l ike  ( K ~~;F 2 )

or (K
+
;F 3 ) are likely to be stable enough to serve as practical

sources of F2 (gas ) when hea ted modera te l y .

- 
The perfluorination of electron-deficient molecules like

BeF 2, BF 3,  A 1F3, etc . , to yield per iluoro-species is enere-eti-

ca l ly  favorab le .  For example , the following molecules

(a) F
2Be~. ;BeF2

‘F -F  
-

(b) F
3B-—— F-F---- BF 3

(c) F
3
A1-——F -F---AIF

3

are t h e r m o d y n a m i c a l l y  s t a b l e  and s h ou l i  i c e - a n n  ose  t o  v : e l d  F 2

(g a s )  a t  t o n c er a t u r a s  in the 5 0 0 — l 0 0 0 ~~C r an :e.

A oerflaom o—br tdce between tw o  HF m o l e c u l c o  is ala :

cnero -ot:ca L l- ’ and c tr - , c r a r a i l ’ ’  ac c 0 : t a i ; I ? .

— a  ~~_
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SOL I D  SOURC E S OF ELEMENTAL FLUORINE

I I .  TUEP24A L STABILITIE S  -OF T E R N A R Y  F L U O R I D E S

J. L. M a r e -r av e

AB ST RACT

The interaction of binary f l u o r ides invo lv ing an a l k a l :

fluor ide and the highest oxidation state fluormde of either

Group V elements (P , As or Sb) or Group IV elements (Si , Ge , Sn

or Pb) leads to two families of ternary compounds:

MAF
6 where  a = a Group  V e l e men t  and I-~ = a .an:’.al-ant c a t i o n

M73F6 where B = a Group IV element and  ‘-
~ = a onovalent cat:cn

the A ~nd B e l emen t s  have ma1t~~ple o x i d a t i o n  s t a t e s  an d r e a c t: : n c

like

11AF
6
(solid) = I-1AF 1 (solid) F2 (gas)

M23F6 
(solid ) = M 73F 1 (solid) -

~ 

aes)

occur accordion to recent mass soectrametmoc stadoe s.

T h e r m o d y n a m i c  da t a  to e v a l u a te  the  cc-at locria ousoto:

t iv e l y  a re  o n l y  e s t im a t e d  but  experimental lot a so-ow t h at  Y .’~~ -

and KSCF . io - -‘mel d acnc:o :ohle -~1-:nen tol luomi n e w’ieo heat-
0 ‘

at 305—500 ~J . Al~~~ , ~-i. S~ F - N ~~
F’ cF - , e t c .  , con -cc fOrt - - :

- 0

shoal v:e l  i elemental fl~~~r~~~e .~h-:-n heat.:

— )
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Solid materials like these should be practical field

sources of fluor ine for H2/F2 lasers and an optimum material
can be selected on the basis of economic , chemical and engineer-

ing criteria.

— 9 4 —



VERY RAPID QUENCHING WITH THERMA L SPIKES

G. H. Vineyard

ABSTRACT

When a heavily ionizing particle such as a fission

fragment passes through matter , a process of rapid heating

followed by rapid cooling occurs in the neighborhood of the

track of the particle. In radiation damage this effect is

called a thermal spike. It is suggested here that this process

of very rapid cooling may be of interest as a means of study-

ing the effects of ultra rapid quenching in alloy systems ,

and possibly even of processing material. The process is

examined quantitatively. For a fission fragment in a metal

of moderate atomic weight such as iron , temperature rises of

more than 500°C are predicted to occur inside a cylinder 200A

in diameter and quench rates inside this cylinder are calcu-

lated to exceed 10 1 2  °C/sec.

—95—
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NUCLEATION , UNDERCOOLING AND HOMOGENEOUS
STRUCTURES IN RAPIDLY SOLIDIFIED POWDERS

J. P. Mirth

ABSTRACT

The possibility is considered that sufficient under-

cooling of powder particles can be achieved to result in a

microstructure consisting of homogeneous microcrystallites.

A relation is developed for the maximum achievable undercool-

ing for comparison with the undercooling required for such

homogeneous powder. Sample calculations for the case of mer-

cury , where homogeneous nucleation data are available , show

that it is possible to attain such undercoolings .

From a practical viewpoint, the results show that

effort to achieve even greater rates of cooling would be

worthwhile. Also , they indicate that in addition to cooling

rate , attention should be directed to decreasing impurities

and other heterogeneities which would tend to cause hetero-

geneous nucleation and prevent the attainment of the maximum

possible undercooling.

—96—
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CURVATURE EFFECTS IN THE THERMODYNAMICS OF MULTICOMPONENT SYSTEMS :

POSSIBLE EFFECT ON DENDRITE SPACING IN RAPIDLY

COOLED SMALL LIQUID METAL DROPS

H. Reiss

ABSTRACT

It is shown that the chemical potential of a component

of a small drop, crystal, or crystal dendrite , contains a pre-

viously overlooked term if the drop of crystal is multicomponent.

The new term involves the derivative of the surface tension with

respect to the mole numbers of the component in question , and

become s negligible for drops or crystals of macroscopic dimensions.

On the other hand , for small systems the equilibrium between the

drop or crystal and the surrounding phase may be sE~!ereiy affected

by the new term .

This can have important implications for the aging of a

precipitate (Ostwald ripening) or for the fine grained dendrite

structures found in rapidly cooled (lO 5deg/sec ’ small liquid

metal drops. Such dendrite structures age by a process similar

to Ostwald ripening.

A model system is introduced in connect:on with which

illustrative calculations can be , and are , made to demonstrate

the magnitude of the new effect.

—97—
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RAPID-SOLIDIFICATION PROCESSING (RSP) OF THERMOELASTIC ALLOYS

M. Cohen

ABSTRACT

In some alloy systems , the strain energy accompanying

the displacements of martensitic transformations on coo ling can

be accommodated elastically in the alloy , and this becomes

available to help drive the reverse transformation on heating.

Except for some hysteresis , a thermoelastic balance is.. set up

between the chemical driving force and the stored elastic energy .

These thermoelastic systems exhibit rubberlike behavior on load-

ing and unloading because the applied stress shifts the thermo-

elastic balance ; in other words , the operation of martensitic

shears on loading and the reverse transformation shears on un-

loading result in extraordinary stress-strain characteristics

for metallic systems.

One of these alloys is Cu-l4A2~-3Ni , which is relatively

inexpensive and could be commercially feasible , but it suffers

from undue brittleness arising from grain boundary precipitates

occurring on cooling of the parent phase to room temperature .

This undesirable precipitation cannot be inhibited in bulk

materials , even by the most rapid quenching, but may well be

suppressed or rendered innocuous by RSP methods. If the pre-

—98—
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cipitation happens to take place during the consolidation step,

it is not likely to be intergranular and hence should not cause

embrittlement. Another limitation of conventional Cu-AZ-Ni

alloys is that they are typically coarse grained and do not

respond to grain refining treatments . In contrast , the RSP

approach should lead to ultr~ fine grain sizes with beneficial

ef fects on the mechanical properties , and thus provide a

superior base for the thermoelastic behavior.

—99—
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A KEY BOTTLENECK IN THE EXPLOITATION OF
RAPID-SOLIDIFICATION PROCESSING (RSP)

M. Cohen

ABSTRACT

A case is made for the implementation of flexible,

small scale RSP powder making facilities in order to extend

and diversify research and development on many materials

systems, particulaily in the direction of structural control

and structure/property relationships. The availability of

such equipment , preferably adaptable to laboratory operation

and not necessarily of a single design , is likely to do as

much as anything else to expand the understanding and applic-

ability of RSP materials. Moreover , the full benefit of RSP

technology will inevitably require detailed studies of nuxner-

ous parameters and their optimization , e.g., compositional

variables , solidification rates, consolidation steps , and heat

treatments. This type of development will likewise depend on

ready access to small quantities of RSP powders.

Under these circumstances , it would be desirable for

ARPA to elicit proposals for several types of small lot (1/4-

10 lbs.) RSP powder m aking machines with designated versatility

for a range of materials. These proposals could be aimed at

either the design and construction of the equipment in question

or at the operation of central facilities for supplying the

necessary RSP materials on request.

—100—
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COMMENTS ON ALTERNATIVE METHODS THAT MIGHT BE USED TO PREPARE
SUPERHOMOGENEOUS-FINE PARTICLES OF METALS

R. A. Huggins

ABSTRACT

There is certainly greatly increased interest in the

preparation of bulk materials by consolidation of fine particles.

In some case s, fine particles provide superplasticity , and thus

aid densification processes. In others , microstructural homo-

geniety can be greatly enhanced in a final product fabricated

from particles with fine internal microstructures which resulted

from rapid cooling of small particles from the melt.

This latter point is of special importance , and a great

deal of effort is being expended on techniques for the produc-

tion of fine metallic droplets and their rapid quenching in

order to obviate the segregation processes that normally accom-

pany solidification of multicomponent liquids.

This memo points out other approaches that might be

considered for the preparation of superhomogeneous metallic

particles , based upon various relatively low temperature tech-

niques for the production of solid particles from liquids

containing metal cations of desired ratio which are mixed on a

molecular sc ale. In some cases , these methods have been de-

ve1o~ed for applications in other areas , such as food process-

ing and the preparation of certain high performance ceramics.

—10 1—
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SMALL PARTICLE TECHNOLOGY

R. L. Coble

ABSTRACT

Vaporization of candidate super alloys should be used

to produce homogeneous small crystallite sized powders for HIP

processing in order to show what limits in property improve-

ments can be achieved from the ultimate possible dispersion of

the constituents in the starting powder.

—10 2—
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THEORY OF DENDRITE SOLIDIFICATION
DURING VERY RAPID COOLING

M. C. Flemings

ABSTRACT

A discussion is first given of heat flow in cooling

and solidification of atomized liquid droplets. At high rela-

tive velocities between particle and gas, extremely rapid

cooling and solidification rates are possible . At least to

moderately high cooling rates (perhaps 10 14 °C/sec or higher)

solidification of alloy droplets can probably be described by

simple classical expressions and the relation between dendrite

arm spacing and cooling rate can be understood using concepts

developed from solidification studies on samples cooled at

102 °C/sec and lower.

At higher cooling rates the “classical” approach is

probably not applicable and different types of structure and

segregation behavior are expected.

—103—
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PRESSURE IN A SPHERICAL CAVITY OR ON A

SOLID SPHERE IS LIMITED BY INSTABILITY

D. C. Drucker

ABSTRACT

Hope has been expressed that truly enormous pressures

can be contained in a spherical cavity or applied to a solid

sphere through brute force or a clever variation of the auto-

frettage techniques used in gun barrels and high pressure

devices. Certainly, no matter how high the pressure , mechanics

solutions can be written down that satisfy the stress-strain

relations for elastic and plastic material along with the

equations of equilibrium and compatibility . For example,

calculated maximum pressure 
~a 

for a cavity of radius a in a

fully plastic sphere of outer radius b is 2Q~ 2~n(b/a) assuming

a perfectly plastic material with yield strength :~,,. In prin-

ciple , b and therefore 
~a 

can increase without limit.

However , this result is misleading because the equil-

ibrium configuration is unstable beyond a limiting pressure .

The analogy is to a long column under axial compression. All

the equations are satisfied by a solution which takes the

column to be perfectly ~traight and under uniform compressive

stress. Yet a long column will buckle well before the yiei~

—104—



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .— ~-- .—— ,---—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

strength is reached. Similarly, the radius a of the spherical

cavity will increase indefinitely once a limiting pressure is

reached. The equilibrium solution for higher pressures ~s

unstable. A contained solid sphere under higher pressure would

expand outward until the pressure dropped to the limiting value .

An easily found upper b3und to a continually increasing

pressure is
2 r  E

~° L ~
2
~ 

(l~4~\)o~

which , when Poisson ’ s ratio is 1/2 , agrees with Hill’s form

for the pressure needed to expand a spherical hole in an in-

finite body

~c~~~~+Zn 3 (L+~
))0]

~~

Work hardening increases the limiting pressure somewhat but

the maximum pressure that can be contained in most materials

is less than 5o

The result for a cylindrical cavity is a somewhat

smaller but comparable pressure . Of course , practical diffi-

culties of any construction will reduce the maximum pressure

appreciably below the theoretical limit.

—1 )5— 
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A FLUID THERMA L SWITCH

H. Reiss

ABSTRAC T

A phenomenon observed in a diffusion cloud chamber in

which two states of apparently stable therma l conduction ha~;e

been observed when th~ same temperature qradient is impressed

across a thin layer of liquid and a thicker layer of gas in

contact with it is analyzed conceptually. Although the system

is heated from below , the gas remains mechanically stable ~~~~~

the liquid undergoes cellular convection. It is shown that such

thermal “switching ” is possible if the effective thermal conduc-

tivity of the liquid layer possesses a region of negative sic~ e

(with respect to temperature gradient impressed across the 1:cuid)

Furthermore , the two states of thermal conductivity will then be

locally stable.

The switching is thought to be connected to a transition

between one mode (excitation) of cellular convection and another.

Switching in the cloud chamber is associated with fairly violent

cooling (as in boiling) o~ the liqu:d layer.

-106- 
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TIGHT BINDING THEORY OF METALLIC ADHESION

W. Kohn and R. Gomer

ABSTRACT

Metallic interfacial energies , e.g., grain boundary

energies or adhesive energies between identical or different

metals are of great importance in materials problems such as

adhesion , wear , crack growth and strength of multiphase alloys.

To our knowledge this problem has so far only been attacked in

terms of the density—functional formalism which is suitable

mainly for simple , i.e., non—transition metals. We have attempted

to formulate the theory of interfacial energy between two (ident-

ical or different) metals in tight binding approximation for the

case of simple cubic lattices without mismatch. For this purpose

each infinite bulk phase and each phase including a surface are

first treated using a Hartree Hamiltonian (i.e., neg lectine ex-

change and correlation) and are then allowed to join. Partic~ i .r

attention is paid to self consistency which gives rise to dipole

layers at the surface and at the interface . The latter dipole

potential is essential for establishing a common Fermi level in

the system.

This provides the groundwork ~or an explicit cal culation

of interfacial erer .y, by the method of moments o~ the ~~ns :t:

—~
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of states. A model calculation for the case of two half-filled

bands , limited to second moments , is carried out .

The parameters entering the theory consist of the diagonal

and nearest neighbor off-diagonal matrix elements of the Hamiltonian .

The terms relevant to the interface consist of a hopping integral

coupling atoms of the two different metals and two modified di-

agonal shifts. For many applications the hopping integral will

be the important parameter. It can be estimated from the corres-

ponding integrals for the bulk metals and the overlaps of nearest-

neighbor wave functions within each metal (a) and (b) and between

(a) and (b) atoms at the interface. It seems probable that it can

• be obtained from monolayer adsorption measurements.

It is expected that these calculations can be extended to

fcc and bcc structures and that mismatch at the interface can also

be taken into account.

— 103—
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EFFECT OF ELECTROLYTE ON DIPOLE LAYER POTENTIALS
AT A LIQUID-SOLID OR LIQUID-AIR INTERFACE

R. Gomer and H. Reiss

ABSTRACT

Recent experiments in R. Gomer ’s laboratory measure

absolute half cell emfs to within the uncertainty posed by the

possible existence of a dipole layer at an H2O—air interface

which would cause the electrostatic potential in the interior

of the H20 phase to differ from that at its free surface. Such

a dipole layer has been postulated on the grounds that the total

free energy of the H20 phase could be lowered by non-random

orientations of H2O molecules near the surface. A knowledge of

absolute half cell emfs is of importance to electrochemistry in

general; it provides absolute Gibbs free energies of hydration

for single ions and also allows some estimate of electric fields

at electrode surfaces. It is therefore also very relevant to

• corrosion research. It is therefore of some interest to explore

the existence of the putative potential near the water-air inter-

face. Such a potential would tend to be screened out by mobile

charge , i.e., by the presence of an electrolyte , and this screen-

ing should be a function of Debye length , L , i . e . ,  of (electro-

lyte concentration) ~~. Th u s , a variation 0: exper~menta1 hal:

cell emfs  w i th  total  e lectrolyte  c o n c e n t r a t i o n  shou ld  ~ivc scme

— 1 0 9 —

~

--- • .•_-•-

~

-----

~

—.-_- ~~~~~~~~~~~~~ - .~~~~~~~~-- - - -~~~~- •~~~~~~~~~~~~~~ --• • - • . .
~~~~~~
--



__________________________________ — •—~~--- --•—---_ - -—- - —---~~~

information on whether there is an appreciable potential differ-

ence between the free surface and the interior of liquid H2O.

We have calculated the effect of an electrolyte on the

layer potential , which amounts to solving the Poisson-Boltzmann

equation for this case. The linearized equation could be solved

analytically for the cases of a fixed dipole layer potential of

dipole length X and a potential decaying exponentially into the

liquid of form V0(z) = v0e~~
//X . The results are similar , and

for the second case take the extremely simple form

V(0)/V = a/(a+l)

where V(0) is the potential at the liquid surface after elecro—

lyte addition and a = L/A.

The non-linear case was solved by computer by M. Mandel ,

working with H. Reiss at UCLA . The results are virtually ideri-

tical with the linear solution up to V0g/kT < 10 , for small

values of a, a < 0.5 , but show more screening as V
0 

and an in-

crease.

These results indicate that a strong effect on the

putative dipole layer potential at the air-H20 interface should

be observed when the electrolyte concentration is varied in the

range 1—0.01 M if the dipole layer length \ ~ b A , which must

almost certainly be the case.

These results are also relevant to potential drops ex-

isting at solid electrode-liquid !-L,O interfaces. Hcwever , it

should be noted that a basic difference exists in the latter

— 1 1 3 —
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case if the potential drop is an equilibrium potential differ-

ence , fixed by thermodynamics. In that case the presence of an

electrolyte cannot screen out the potential , since the system

will adjust itself to maintain the equilibrium value .

Fina l ly ,  the possibil i ty of a dipole layer arising from

the electrolyte itself was investigated . This could come about

if the change in solvation energy as ions approach the sur face

d i f f e r s  for cations and anions because of their different sizes.

It turns out that this effect is negligible if the f u l l  dielec-

t r ic  constant of H 2 O is maintained up to the sur face . If K is

reduced from 80 to 4 , a potent ia l  of 80 meV for  c = 0 . l M  could

result , but would decrease very rapidly with decreasing electro-

byte concentrat ion.

ci
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A MECHANISM FOR LIQUID PHASE
EPITAXIAL GROWTH OF NONEQUILIBRIUM

COMPOSITIONS PRODUCING A COHERENT INTERFACE

J. P. Hirth and G. B. Stringfellow

ABSTRACT

A model is presented for growth by so-called pulling ,

wherein an epitaxial deposit grows coherently but with a corn-

position different from that which would be in bulk equilibrium

with the liquid phase from which growth occurs. The breakdown

of coherent growth occurs when a dislocation nucleates at a

ledge at the growing solid—liquid interface. An expression for

the critical condition for breakdown is presented .
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