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To: Dr. James B. Conant, Chairman 
national Defense EBsearch Committee of the 
Office of Scientific Research and Development 

Tpom: War Metallurgy Division (Div. IE), JERC 

Subject:      Advisory Beport on "Suggested Research Topics on 
:.agne8ium and Magnesium Alloys" 

A special advisory committee of the "ar Metallurgy 
Committee prepared this report as a result of a reaueBt from ths 
Committee on Materials Research Coordination of the National Advis- 
ory Committee for Aeronautics,for a review of a previous Var 
Metallurgy Committee advisory report on a "Survey of Research on 
Kagneslum and Magnesium Alloys Being Conducted fcy Government Agen- 
cies, Branches of the Armed Services, and Producers and Fabricators 
of Magnesium", OSED Eo. 5U00. Serial Ho. M-55% 

The attached report reviews this previous report, point- 
ing out where additional research might he warranted, and where the 
scope of existing research projects might he expanded advantageously 

Acceptance es an advisory report under Contract OI>;sr-307 
with ths national Academy of Sciences is recommended. 
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PREFACE 

This report 1B pertinent to the project designated by the 'Jar Metallurgy 
Conaittee as NDRC Survey Project SP-2Ü. 

The distribution of this report ie ct  follows: 

Cooy Ho. 1 - Cleveland Horcross, Acting Xxecutive Secretary, OSED 
Copy Ko. 2 - Clyde tfllllane. Chief, rt.r Metallurgy Division (Div. 18), NBRC, 

and Chairmen, ''f< r Metallurgy Committee 
Copy Ho. 3 - Office of the Executive Secret&ry, Var Metallurgy Committee 
Copies Ho. h and 5 - V. K. Schnee, Chairmen, Products Research Division, 

'•'&r Metallurgy Comnittee 
Copies Ho. 6 thru 28 - Dr. Fr.-nlelin S. Cooper, Senior Liaison Officer, 

liaison Office, OSSD 
Copy Bo. 25 - Army Service forces, Office, Chief of Ordnance, Branch Liaison 

Officer for HDBC, for transmlttal to Director of Laboratories, 
Vatertown Arsenal 

Copy Ho. 30 - ''far Department Liaison Officer for 1XRC 
Copies Ho. 31 thru 3u - Eavy Department, Chief of Research and Inventions 
Copy Ho. 35 ~ Havy Depcrtnent, Haval Rese-arch Laboratory 

Members of the Special Advisory Committee 

Copy Ho. It - V. H. Schnee, Chairman 
Copy Ho. 3^ - Captain J. E. Sullivan 
Copy Ho. 37 - J» D. Hanawalt 

Copy Eo. 38 - H. A. Hunter 
Copy Eo. 35 - J. B. Johnson 
Copy Ho. 140 - R. T. Wood 

Members of the War Metallurgy Committee 

Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy So. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 

Ul 
U2 

s 
^5 
U6 
U7 
US 
U9 
50 
51 
*2 
53 
5* 

Carl Breer 
Lyman J. Briggs 
James E. Crltchett 
Col. R.S.A.Dougherty 
Rudolph Turrer 
H. W. Gillett 
S. D. Heron 
R. P. Heuer 
Zay Jeffries 
Col. C-. T. Jenks 
J. B. Johnson 
John Johnston 
T. L. Joseph 
V. H. Erlvobok 

Copy Ho. 55 
Copy Ho. 56 
Copy Ho. 57 
Copy Ho. 58 

Copy Ko, 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 
Copy Ho. 

Cop;.' So. 
Copy Ko. 

59 
60 
61 
62 
6? 

Frederick Lalst 
1.  X. Lewis 
Dean C. X. MacQuigg 
C. L. McCuen 
R. r. Mehl 
Paul D. Merica 
Col. S.B.Ritchie 
Gilbert I. Sell 
Mac Short 
C&pt. Lybnnd Smith 
Col. A. K. White 
T. V. 71 Hard 
R. S. Williams 
Col. H. H. Zornig 
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Copies Ho. 67 thru 266 Hational Advisory Committee for Aeronautics, 
Committee on Materials Research Coordination, 
Attention, Executive Secretary 
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Copy Ho. 269 - 
Copy »0. 270 - 
Copy Mo. 271 - 
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Copy Bo. 277 - 
Copy Ho. 276 - 
Copy Ho. 279 - 
Copy Ho. 280 - 
Copy No. 2i1 - 
Copy Ho. 282 - 
Copy Ho. 283 - 
Copy Ho. 26U - 
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SUGGESTED BISEABCH TOPICS 

MAOHZSIUK ASE MAßBESIUM ALLOYS 

At the request of the National Advisory Committee for Aeronautic», 

a special advisory comittee of the War Metallurgy Committee has reviewed 

the current research projects on magnesium as re-ported by the aimed ser- 

vices, government agencies, and the producers and fabricators of magnesium. 

The purpose of this review was to list the current research projects in 

this field in order to make possible some degree of correlation, to avoid 

undesirable duplication of effort, and to point out where additional 

research might he warranted or where the scope of existing research pro- 

jects might he expanded to fdvantage. 

The current research program Includes projects which are concern- 

ed with many fields of interest to the producer and users of magnesium 

and magnesium alloys. While It ie apparent that more extended investiga- 

tions of certain broad topics may he desirahle, It Is not the purpose of 

this report te recommend research projects or to outline definite programs 

of research. In the opinion of the committee, consideration should he 

given to the desirahllity of additional work in the following fields of 

Interest. The eco.ce <if the Individual projects and the type of research 

program which might he developed depends on factors which are not within 

the province of this committee. 

i "• \ 

Investigations of Structures fcploylng 
Magnesium Alloys 

Share is need for the engineering development of experimental 

structural units employing magnesium to he used in evaluating the 

r-X-, 
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..rvieeabllity of mfcgne.iun construction and to ..rve a. a source of 

engineering Information for those interested in the use of the metal. 

Such work will bring out the weak point, which may need further research 

or development work, and. at the same time, will denonstrate the type, of 

application for which medium is ready to he used to advantage. Ho 

amount of laboratory work can .ubstitute for practical service experience. 

The availability of the result, of extensive service t..t. will he most 

useful to the intelligent direction of individual research projects. 

Typical parts which might he used for service tests include the following: 

Pairings 
Passenger, ce.rgo, and bomb-bay doors 
Hori.ontal stabilizers 
Wheel doors 
Bulkheads and partition. 
Jlorsal fins 
Miscellaneous panel, in cockpit 
Trailing portion, of control surface. 
Trim tabs . . .,  
furniture, cabin part, and fitting., and similar 

accessories .,.,,„ 
Turret- and gun-mount housings, framing., and »imilax 

item. 
Miscellaneous housings and covers 
Spacers 
Selected ducts 
Selected radio and electrical part. 
Selected panel stiffeners 
Jtir induction system components 
Brackets 
Containers 
Map case. 
«heel. 
Brake. 
Miscellaneous engine and «upercharger part» 
Budder pedal. 
Dive brake. 
Tall cone* 
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Besearch to Develop Improved Magnesium Alloy» 

(a) Tor Use as Forging« at Elevtted Temperatures 

Extensive investigations of the UBC of presently available 

alloys for use as forcings and of the variables encountered in different 

forging and pressing operations have been conducted. There is need, how- 

ever, for improved alloys for use as forgings at elevated temperatures. 

This is of interest to the aircraft Industry in connection with the 

development and use of impellers and blades for centrifugal and axial 

flow compressors. The new 1?,000 ton press to be operated by the Vyman- 

Qordon Company might be made available to study the forging characteris- 

tics of new alloys which might be developed in the laboratory. It is 

suggested that additional work in this field should be undertaken at an 

early date. 

(b) Tor Use as Sheet Material. 

The Bureau of Aeronautics, Davy Department, and the Air 

Service Technical Command, A.A.T., are supporting research projects to 

develop superior wrought magnesium alloys. Continued research in this 

field is also supported by the producing companies. It is suggested that, 

if additional research in this field is considered, attention might be 

given to the observed effects of small quantities of impurities on the 

properties vt  the alloys. Methods for the control or elimination of such 

impurities as H£, 63, Cl2, C, Ha, and F during the melting operation should 

be investigated. Tor aircraft applications, alloys with improved mechani- 

cal properties, particularly better tensile and compressive yield strengths. 

! 
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greater toughness and lower notch sensitivity are desired. Better cold- 

forming properties and a better understanding of hot-forming processes are 

of widespread industrial Interest. Tor commercial applications, other 

than aircraft, the great need ejpeere to toe for a cheaper sheet, more 

competitive on a volume basis with aluminum alloys. 

(c) For Use as litrusions. 

Extrusions are important,not only in themselves, bat as the 

stock used for producing sheet and forglngs. Problems concerned with the 

production of Ingots of consistent and uniform grain site and constituent 

distribution need study. Ingot quality should be correlated with the 

effects of extrusion speeds, temperatures, and with the geometry of the 

piece and the design of the extrusion dies. 

(d) Tor Use as Castings. 

Castings constitute about 85# of the end use of magnesium 

alloys. A great deal of effort has been devoted to the production of 

satisfactory castings and a high level of performance has been attained. 

Nevertheless, more work remains to be done and a nur.ber of investigations 

to complement or to extend current research projects on magnesium castings 

appear warranted. These include: 

Sand Castings and Foundry Techniques 

(a) further study of melting, fluxing, and refining practices 
to Improve casting and ingot quality, 

(b) Further study of methods for the production of high-purity 
alloys. 

(c) The development of Improved surface protection agents for 
molten magnesium alloys. 

I 
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(d) Pundamental study of the effects of gating and rlsering 
on the quality and properties of casting». 

(e) Further stu, y to determine safe limits for metallic 
impurities that may be introduced lay the use of 
secondary metal. 

Permanent and Semi-Permanent Mold Castings and Technique» 

There appears to he considerable Interest in the develop- 

ment of materials suitable for uae as semi-permanent molds 

for the production of short runs of magnesium castings. 

Die Castings 

The use of magnesium die eastings shows promise when 

advantage can be taken of the light weight of magnesium 

alloys to compete with other die casting alloys on a 

volume basis. More study to Improve die casting techniques 

and possibly to develop special alloys for die casting 

appears justified. 

Research to Develop Composite Materials 
to Pain Improvement» ir Rigidity. Strength, and 

Corrosion Resistance 

The so-called stndwich materials show considerable promise, par- 

ticularly for aircraft applications. Investigation of the use of magnes- 

ium alloys as components in this type of construction needs further study. 

The development of clad materials and the properties of these materials 

could be further Investigated. 

t 
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Research to Heyelop Mean» for Decreasing 
the Tlamnablllty of Sheet Magnesium 

Ü 

This is of partlculrx Interest to the Sngineer Corp», U.S.A. 

The effect* of procedures Meed to decrease flammabillty of magnesium 

sheet on the properties of the alloys and on production techniques 

should Be ln.TeatleG.ted. The possibility of developing satisfactory 

alloys with inherently tetter non-flammabillty characteristics needs 

additional sWy. 

Further Study of Inspection Methods and 
the Relations Between Casting Defects and Set-rice Performance 

Magnesium castings have been faced with stringent Inspection. 

This has resulted In an aver.-ge high standard of qusllty, hut the cost 

has been excessive, A better understanding of the relation between 

Inspection results and service Is needed. Extension of current lnvestl? 

gatIons to develop satisfactory fluoroecsplc Inspection and other non- 

destructive tests appears warranted. 

I, i 

Basic. Lone-Bange Research Projects 

The following specific subjects have been suggested for univer- 

sity research. These topics suggest many research projects which would 

be suitable for graduate and undergraduate research. In this type of 

work, it is Important to take into account the newer commercial alloys 

and modifications of present alloys so that the results can be correlated 

with current engineering development. 

•v/v ... •' ..:••• ü ; -v 
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(1) Determination of the mo&ee of plastic deformation In mag- 

nesium as a function of temperature, rate of deformation, alloy composi- 

tion, mode of stressing. 

(2) Properties and metallography of sheet as a function of 

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

would include consideration of the degree of anisotropy in properties 

and the relation of the same to the metallography, 

(3) A systematic determination of the phase diagrams of all 

Binary alloys of magnesium and of the important ternary alloys. Vith 

this,night he incorporated a study of the hardness and strength of the 

single-phase alloys as a function of the atomic percentage of alloying 

agent. It could also include a study of the strength and hardness of the 

two-phase alloys produced hy precipitation of the second phase from the 

supersaturated single phase. 

(U) Determination of the diffusion constants of various metals 

In magnesium. 

(5) Determination of the fundamental laws governing the rup- 

ture characteristics of magnesium alloys. 

(6) Tlnd methods of reducing the inherent tendency of molten 

magnesium to 'burn. 

(7) Properties of magnesium and its alloys in the molten state; 

e.g., density, viscosity, vapor pressure. Interpret data In terms of 

thexmodynamlc quantities. 

I 
f- 
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(S) Determination of various physical constants of magnesium 

and Its alloys and their dependence on temperature; e.g., thermal expan- 

sion, electroconductivity. 

(9) Brazing techniques for magnesium alloys. 

(10) Fundamental Btudy of film-forming behavior as a function 

of alloy environment and radiation. 

(11) Anodic oxidation of magnesium alloys. 

(12) Electroplating of magnesium allovB. 

(13) Development of other methods of applying metallic coatings; 

e.g., spraying. 

(lb) Electrolytic polishing for brightening and demurring. 

(15) Fundamental study of the electrochemical behavior of 

magnesium. 

(16) Development of wet and dry cells and rectifiers which 

depend on the basic electrochemical nature of magnesium for their 

operation. 

(17) The use of magnesium as a bearing material. 

(18) Coating of stsel with magnesium. 

(19) Use of magnesium as a modifying or alloying agent in other 

base metals. 

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

reactions. 

(21) Use of magnesium for gettering. 
t  V*T. 
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ADDBMDUM 

The following listed topics were subjects of research projects 

under the sponsorship of governmental agencies or Industry, during World 

War II. Some of these projects were brought to a close before completion, 

while others are still In progress. 

Corrosion and Surface Treatments 

(a) The corrosior resistance of mggneslum alloys In various 
atmospheres, and the effects of old and newly developed 
anodic and chemical treatments. 

(b) The galv&r.ic corrosion of magnesium alloys in contact with 
various unlike metalB. 

(c) The stress-corrosion properties of magnesium alloys. 

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

(e) Chemical methods for the preparation of magnesium-alloy 
sheet, prior to spot welding. 

Fabrication 

(a) Forming magnesium alloys by stretching, Ouerln press, and 
deep drawing, at room and elevated temperatures. 

(b) Machinability of cast and wrought products. 

(c) Joining magnesium alloys by riveting, cementing, and by 
gas, arc, and spot welding. 

(d) Deformation characteristics of magnesium. 

General 

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

(b) The properties and aircraft applications of magnesium 
alloys. 

•••wt<y*e--:..-; 

\< ! 

.            '.'r 1    . • '."    • *•'" %W',''"- •.'•'•*'.'*;'.' 

"•••-?•'••?:•• *-'^H,'.': 

j"~ 

-  r 



i 
-10- 

»\ 

Heat Treatment 

(a) Investigations of the optimum heat-treating practices for 
east and wrought magnesium alloy*. 

Tlemmaoillty 

(a) The effects of various additives and coatings on the 
flammaDility of magnesium alloys. 

Metallography 

(a) Improved polishing and etching methods. 

(o) Metallographic chtracteristics of fractures caused in 
magnesium alloys by different types of stresses. 

(c) Bxsmln?,tion of impurities and heterogeneities in pure 
magnesium and its alloys. 

Properties (fteneral) 

(a) Creep strength of magnesium alloys at room and elevated 
temperatures. 

(h) The size effect, notch sensitivity, and damping capacity 
of magnesium alloys. 

(c) Shear, compression, torsion, and hearing strengths of 
magnesium alloys. 

(d) Lattice x>. raaeters tJid equilibrium diagrams of magnesium 
alloys of the system, Mg-Al-Zn. 

(e) Stress-strain curves in tension and compression for the 
commercial alloys. 

(f) Effects of nlnor constituents on the mechanical and 
physical properties of magnesium alloys. 

Properties (Fatigue) 

(a) Bendlnc" and tension fatigue properties of wrought and 
cast magnesium alloys. 

I- 
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Properties (High Temperature) 

(a) A determination of the elevated temperature propertle« of 
commercial cast and wrought mEgnesiua alloys. 

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

Properties (Structural) 

(a) Column tests, and a general evaluation of formed and 
fabricated magnesium-alloy sections. 

Cast 

(a) Investigations of foundry techniques and easting methods. 

brought 

(a) Methoi.e for producing magnesium-alloy press and hammer 
forgings. 

Structures 

(e) The application and service testing of commercial magnes- 
ium alloys for airoraft structures, such as fuel tanks, 
flaps, ailerons, vlng panels, fins, and stabilisers. 

(b) The application and service testing of commercial magnes- 
ium alloys for materiel. 

4<• 
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