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February 25, 1946

To: Dr, Jamee B. Conant, Chairman
National Defense Hesearch Committee of the
Office of Sclentific Research and Development

Trom: ¥ar Metallurgy Division (Div. 1£), XCAC

Subject: Advieory Report or "Suggested Kesearch Topics on
regneeium and Magnesium Alloys"

A syecial advisory committee of the War Metallurgy
Committee prerored this refort a8 a result of a request from the
Committee on Materials Hesearch Coordination of the Natioral Advis-
ory Committee for Aeronautice,for a review of a rrevioue Yar
Metallurgy Committee advisory rerort on a "Survey of Research on
Megnesium and Magnesium Alloys Being Conducted bty Government Ager-
ecles, Branchee of the Armed Servicee, end Producere and Fabricators
of Magueeium", OSHD ¥o, 5400, Serizl No, M-5%53.

The attached rerort reviews this previous recort, roint-
ing out where additional reseerch might be wirranted, and where the
scope of existing reseurch projecte might be exrended udvantageously.

Acceptance cs an advisory recort under Corntract OLder-307
with the National Acedemr of Scliences is recommended,

/\33; ectfully submitted,

.

7y~
e to the Chief

¢y Divielon, ¥DRC

Enclosure
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FEEFACE

This report is pertinent to the project designcted by the War Hetallurgy
Committee as NDRC Survey Project SP-27,

The distribution of this recvort is c¢ follows:

Copy No. 1 - Clevelsnd Norcross, Acting Executive Secretcry, OSED

Copy No. 2 - Clyde Williame, Chief, “ur Metallurgvy Division (Div. 18), NLRC,
and Chairmen, “:r Metallurgy Co:nittee

Copy No. 3 - Office of the Executive Secretsry, War Metallurgy Com:ittee

Copies No. ¥ and § - V. H. Schnee, Chairmen, Products Resezrch Divieion,
Var letellurgy Committee

Copies No. 6 thry 28 - Dr. Frcnklin S, Cooper, Senior Liasison Officer,
Liaison Office, 0S:D

Copy No. 25 - Aruv Service Forces, Office, Chief of Ordnance, Branch Lieison
Officer for NDEC, for transmittel to Director of Laboratories,
Watertown Arsenal

Copy No. 30 - ar Depsrtment Liaison Officer for ITRC

Copies No. 31 thru 34 - Isvy Derartment, Chief of Resesrch and Inventions

Copy No. 35 - Navy Depcriment, Naval Rescarch Laboratory

Members of the Specisl Advieory Committee
Copy No. 4 - V. H. Schnce, Chuirman

Copy No. 36 - Captain J. B. Sullivan
Copy Fo. 37 — J. D, Hanawelt

Copy 0. 38 - L. A. Hunter
Copy Tio. 35 - J. B. Johnson
Copv No. 40 - R, T, Wood

Members of the War Metallurgy Committee

Covy No. 41 - Cerl Breer Copy Yo. 55 — Frederick Lalst

Copy No. 42 - Lyman J. Briges Copy Yo, 56 - W. K. Lewis

Copy No. L'a - Jumee H, Critchett Copy Bo. 57 - Dean C. 3. MacQuige

Copy No. 44 - Col. R.S.A.Dougherty Copy No. 58 - €. L. McCuen

Gopy ¥o. U5 - Rudolph Furrer - R, ¥, Menl

Copy No. 46 - H. W. Giliett Copy No, 59 — Paul D, Merica

Copy No. L7 - 5. D, Heron Copy No. 60 - Col. S.B.Ritchie

Copy Yo, 48 ~ R. P, Heuer Copy Mo, 61 ~ Gilbert E. Seil

Copy No. 49 - Zay Jeffries Copy No. 62 - Hec Short

Copy Fo. 50 - Col. C. F. Jenxe Coxry No. 6} - Cupt. Lybrind Smith

Copy No. 51 ~ J. B. Johnson Covy No. 64 - Col, A. E. White

Copy No. 52 - John Johnston - F, ¥. Tillard : :
Copy No. 53 = T. L. Joseph Copr No. £5 -~ R, S. Williams oo
Copy No. 54 - V. N. Krivebok Covy Yo. 66 ~ Col. H. H. Zornig -

Copies No. 67 thru 266 — National Advisory Committee

for Aeronautics,

Committse on Materizls Resesrch Coordination, '
Attention, Executive Secretary .
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SUGGESTED RESEARCE TOFICS
MAGHESIUM AND MAGNESIUM ALLOYS

At the request of the National Advisory Committee for Aeronautice,
a special advieory cormittee of the War Metallurgy Committes hes reviewed
the current research projects on megnesium as revorted by the armed ser-
vicee, government agencies, and the producers and fabricetors of msgnesium,
The purpose of this review was to list the current research projects in
this field in order to make poseible some degree of correlation, to avoid
undeeirable duplication of effort, and to rolnt out where additional
reeearch might be wtrrented or where the scope of ;xisting reeearch rro-
Jects might be expended to cdvantage.

The current research program inclules projects which are concern—
ed with many fielde of intereet to the producers and users of magnesium
and megnesium alloye, While it ie apparent that more extended inveetige—
tione of certzin broad torice may be desirable, it is nct the purasoee of
this report ts recommend rese-rch projects or to outline definite programs
of research. In the opinion of the committee, consideration ehould be
given to the deeirability of additionsl work in the following fields of
intereet., The scose nf the individual projects and the type of resecrch
program which might be developed depends on factors which are not within

the province of this committee.

Investizations of Structures 1
Magnesium Alloys

Thare is need for the engineering development of experimental

structural units employing magnesium to be used in evaluating the
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servicesbility of magnesiun construction ani to serve es a source of
engineering information for those interested in the use of the metal.,

Such work will bring out the week points which may need further resesrch

or develozment work, and. ot the ssme time, will demonstrate the typee of

application for which magnesium i ready to be used to adventege. MNoO
amount of laboratory work can substitate for practical garvice exrerlence.
The avullability of the results of extensive service tests will be most
useful to the intelligent direction of individual rescarch projects.
Twpical parte which might be used for service tests include the following:

Fairings

Passenger, ccrgo, and Yomb-bay doore
Horizontal stzbilizers

Yheel doors

Bulkheads and partitions

Noreal fins

Miscellaneous panels in cockeit
Trailing rortions of control surfaces

Trim tnbs

Furniture, cabin parts and fittings, and similar
acceseories

Turret- and gun-mount housings, framinge, and similar
itenme

Miscellaneous houeings znd covers

Specers

Selected ducts

Selscted radio and electrical parts
Selected panel stifferers

Air induction system oomponente

Brackets

Containers

Map cases

WYheels '
Breakes

Miscellsneous engine and euperchargsr parts
Rudder pedals

Dive dbrakes

Tall cones

.
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Reesarch to Develop Improved Megneelum Alloys
(a) Por Use as Forgings ot Eleveted Temperatures

Extensive investigations of the uss of presently avallable
alloys for use as forgings and of the variablss sncountered in diffsrent
forging and pressing operations have been conducted. There is need, how-
ever, for imrroved alloys for use as forgings at elevated temperatures.
This is of interest to the aircraft industry in connection with ths
dsvelopment and use of impellsrs and blades for centrifugal and axial
flow compressore, The new 12,000 ton press to be opersted by the Wyman—
Gordon Company might be made avalleble to study ths forging characteris-
tics of new alloys which might be developed in the laboratory. It ie
euggested tha‘t additional work in this field should be undertaken at an
early date.

(b) Tor Use as Sheet Material,

The Bureau of Aeronautics, Navy Department, and the Alr
Service Technical Command, A.A.F., are supporting rsseurch projects to
develop euperlor wrought magnesium alloys. Continued reeearch in this
fleld 18 also supported by the producing companies. It ls euggeated that,
1f additional research in thie field 1s considsred, attention might be
glven to the observed effects of small quantities of impurities on the

properties of the alloys. Methode for the control or elimination of such

impurities as Hy, 02, Clp, C, Na, und P during the melting operation should

be investigated. For alircraft applications, alloys with improved mechani-

cal properties, particularly better tensile and compressive yleld strengthe,

-t
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greater toughmess and lower notch sensitivity are desired. DBetter cold-
forming propsrties and a better understanding of hot—forming processes are
of widsspreed industrial interest. For commercial spplications, other
than aircraft, the great need arpesrs to be for a cheaper shest, more
competitive on a volume basis with aluminum zlloys.

{c) For Use as Extrusioms.

Pxtrueions are imvortant,not only in themselves, but as the
stock used for producing sheet and forgings. Problems concerned with the
production of ingots of consistant and uniform graln.lhe and conetituent
distribution need study. Ingot quality should be correlated with ths
effecte of extrusion speeds, temperatures, and with the gsometry of ths

’. plece and the design of the extrusion dles.
(d) TFor Use as Castings.

Castings constitute about B5% of the end uee of magnesium
alloys. A great deal of effort has been devoted to the production of
.utilfactory castings and & high level of rsrformence has been attsained,
Nevertheless, more work remaine to be done and a nurber of investigations
to complement or to extend current resesrch projects on magnesium castings
gppear werranted. These include:

Sand Castings end Foundry Technigues

{a) Further study of melting, fluxing, and refining practices
to improve casting snd ingot quality,

(b) TFurther study of methods for the production of high~purity
alloys.

(c) The development of imoroved surface rrotection agents for
molten magnesium alloys.

L
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(d) PFundamental study of the effects of gating and risering
on the gquality and properties of castings.

(e) PFurther stu 'y to determine safe limite for metallic
impurities that may be introduced by the uee of
sscondary metal,

Pbrmanent and Semi~Permanent Mold Castings and Techniques

There appsars to be considsrable intersst in the dsvelop-
ment of materials suitable for use as semi~permanent molds
for the production of short rune of magnssium castings.

Die Camtings
The use of magngeium die castings shows promice when

\ . advantage can be taksn of the light welght of magneeium

’ alloye to comrete with other die casting alloys on a

£
P R

il : volume basis. More study to improve die casting techniques

-t

and poesibly to develop special alloys for die casting

appears justified,

Research to Develop Composite Materials
to Gain Improvements ir Rigidity, Stremgth, and

Corrosion Resistance

The so~cualled s:ndwich materials show considerabdle promise, per—
ticularly for aircraft aorlications, Investigation of the use of magnes-
ium alloys as components in thie t}_ce of construction needs further study.
f ] _ The development of clad materials and the prorerties of these materials

could be further investigated.

JRPOUGNIS: SR
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Rasesrch to Develop Meane for Decressing ’ .-
the Flammability of Sheet Magmesium ,

Thie i8 of purticulrr interest to the Engineer Corps, U.S.A,

The effects of procedures used to decrecee flammability of magnesium ’ i

¥ sheet on the properties of the alloye and on production techniouee
should be investignted. The possibility of developing satiefactory

alloye with inherently better non-flammability characteriatice needs

’ _ additional stu'y.

Further Study of Inspection Methode and .
the Relations Between Casting Defects and Service Performanse i

. L' . Magnesium castings have been faced with stringent insvection.

[PV R

' This hes resulted in an aver:ge high standard of guality, but the cost

——
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has been excessive. A better understanding of the relation bdetween
inspection results and service is needed., IExtension of curreant investi-

gations to develop satisfactory fluorosesric inepection and other non-

destructive tests arpears warranted.

Basic, Long-Range Research Projecte

The following epecific subjecte have been suggested for univer- .
8ity rese:rch. These topice euggest many research rrojects which would
be suiteble for graduste and undergraduate research. In this type of .
work, it is important to talte into account the newer commercisl alloys '
and modificatione of present nlloye so that the reeults can be correlated '\ B

with current enginesring development. - B
Cot
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(1) Determination of the modes of plastic deformation in mag-

nesium as a function of temperature, rate of deformetion, alloy composi~

tion, mode of strsssing.

(2) Properties and metallograohy of shest as a function of

amount of cold work, annealing conditions, and alloy composition. This

would include considsration of the degree of anisotropy in properties

and the relation of the sems to ths metallography.

(3) A syatematic determination of the phase dlsgrams of all

binary alloys of megnesium and of the important ternery alloye. With

this,night be incorporated a study of the hardness and strength of the
single~phase alloys as a function of the atomic percentage of alloying

sgent. It could aleo include a study of the strength and hardness of the

two~-phase alloye produced by precipitation of the second phase from the

supersaturated single phase.
(4) Determination of the diffusion conetante of varioue metals

in megnesiunm.
(5) Determinction of the fundemental laws governing the rup-

ture characteristice of magneeium allovs.
(6) Find methods of reducing the inherent terdency of molten

nagnesium to dburn.
(7) Properties of magnesium and its alloys in the molten state;

8.8., density, viscusity, vapor pressure., Interpret data in termes of

thermodynanic quentities.

Y
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(€) Determination of various phyeical constants of magnesium
and its alloys and their dependence on temperature; e.g., thermal expan-
sion, electrooonductivity.

(9) Brazing teohnigues for magnesium alloye.

(20) Fundamertal study of film-forming behavior as a function
CR of alloy environment and radiation.

(11) Anodic oxidation of megnesium alloye,

(12) Electropleting of magnesium alloys.

R

(13) Development of other methods of epplying metallic coatings;
\ . " e.8., Spraying.
. ) ; © (14) Electrolytic polishing for drightening and deburring.

(15) Fundamental study of the slectrochemical dbehavior of
Y magnesium,

-~

(16) Development of wet and Ary cells and rectifiers which
depend on the basic electrochemical nature of magnesium for their
operation,

(17) The use of megnesium as a bearing material,

(18) Coating of steel with megnesium.

(19) Use of magnesium as a modifying or alloying agent in other -
i * base metals, : N B ]

(20) Use of magnesium as a catalyst or agent in chemical

}
.k DO I
reactions, e it
L] - . )
1 (21) Use of megnesium for gettering. L




ADDENDUM

The following listed topics were subjects of reeearch projeots

under the svonsorehip of governmental agencies or industry, during World

Yar II, Some of thesg projecte were brought to a close before complstion,

while others are still im progress.

Corrosion and Surface Trectmerts

(a)

The corrosior resistence of mecgnesium alloys in various
atmostheres, and the effects of 0ld and newly developed
anodi¢ and chemical treztments,

(b) The gelvanic corrosion of magnesium alloys in contact with
varioue unlike metals.

(¢) The stress-corrosion propertiee of magnesium alloys.

(d) The effects of shot peening on the properties of magnesium
alloys.

(e) Chemicel methods for the preparation of maghesium-alloy
shest, prior to epot welding.

Yabrication

(a) Yorming megneeium alleys by etretching, Ouerin prese, and
deer drawing, at room and elevated temperatures.

(b} Machinability of cast and wrought productse.

{(c) Joining magnesiux alloys by riveting, cementing, and by
ges, src, and spot welding,

(d) Deformation cheracteristice of magresium.

General

(s) The development of improved cast and wrought magnesium
alloys.

(b) The properties and aircraft applications of magnesium

alloys,

-
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Heat Treatment

(a) Investigations of the optimum heat-treating practices for

cast and wrought magnesium alloys.

Flommabilit,

(a) The effects of various additives and coatings on the
flammablility of magnesium alloya,

Metallogrephy

(s)
(v)

(c)

Improved polishing and etching methods.

Metallographic cheracteristice of fractures caused in
magnesium alloyes by different types of stresses.

Exzmination of impurities and heterogeneities in pure
megnesium and ite allovs.

Properties (General}

(a) Creep strength of msgnesium alloys at room and elevated
temperatures,

(b) The size effect, notch eenaitivity, and damping capacity
of magnesium slloys.

(c) Shear, compression, torsion, and besring strengths of
nagnesium alloys.

(d) Lattice v.remeters end equilibrium diagrame of magneeium
alloys of the system, Mg-Al~2Zn.

(e) Stress-strain curves in tension ani compression for the
cormerciul slloye, '

(f) Effecte of minor constituents on the mechanical and

physical properties of umagnesium alloys,

Froperties (Fatigue)

(a)

Bending and tension fatigue properties of wrought and
cast magnesium alloys,

——
a
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Propertied (H Temperature

(a) A determination of the elevated temperature properties of
compercial cast and wrought msgnesium alloys.

(b) The development of cast magnesium alloys for ssrvice at
elevated temperatures.

Properties QStruc tural)

(a) Column tests, and a general eveluation of formed amd
fabricated magnesium~alloy sections.

Cast

(a) Inveetigations of foundry technlques and casting methods.

¥rought

(a) - Methous for producing magnesium-alloy orees and hameme:
forgings. .

Structures

(2) The application and eervice testing of commercial magnes—
ium alloye for sircraft etructures, such as fuel tanks,
flape, ailerons, wing pansls, fine, end stabilisere.

(b) The application and service testing of commercizl magnes—
ium alloys for materiel.

-
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