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ABSTRACT

This report smmarizes the experimental work on the
study of tw indspendent subjests,

The first part of the report describes the development
and application of techniques for establishing phase boundaries
in the mgnesiun-lithiom-aluminom and magnesiom-lithium-gine’
ternary systems, Based primarily on microscopic exmaimation,
the tentative locations of phase boundaries at 700°F are ypre-
sented for these two systems, Additional work at 700°F and

also at 500°F is in progress,

The second paxrt of the report summariszes the progress in
experimental development of magnesium-base alloys with low
alloy additions, The primary purpose of this investigatiom
is to obtain alloys having a favoreble combimation of medimm
strength and high formability, A mejor portion of the dewvelop-
ment work was dewoted to a contimed study of magnesium-ginc-
cerimm alloys, Information is yresented to demonstrate that
an attractive combination of mechanical properties may be ob-
tained over a reasonably wide range of sinc and cerimm con-
centrations, Warm rolling of sheet, followed by a stress
relieving heat treatment, produced the most favoreble mecheni-.
cal properties, Details of two successful procedures for
introducing zirconium in megnesium are deacribed,
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INTRODUCTION

The activities of this research program were directed
toward a study of two individual problems:?

1. Locgtien of phase boundaries at various temperature
levels in the solid state for the magnesium corner of
the magnesium-lithium-aluminum and magnesium-lithium-
zinc systems.

2. Development of magneslum-~base alloys with a relatively
low total a2lloy addltion for the purpose of providing
e combination of good formability, toughness and
moderate strength.

The locastione of alpha and beta phase boundaries and
the identification of phases present In adjacent phase fields as
influenced by temperature changes in the solid state were toplos
of princlpal interest in the phase boundary study.x Initial work
described in this report was at the 700°F and 500F temperature

- levels., The experimental methods selected for establishing phase

boundsaries were_microscopic examination, electrical reslastivity
measurements at the elevated temperature of interest and x-ray
diffractlion at the tlevated temperature of interest. The most
formidable problem encountered in the investigation was the pre-
vention of a loss of lithium from the surface of specimens and
a general reactlon between the specimen and its surrounding
atmoephere during long holding periods at 700°F required to ap-
proach equilibrium conditions. Some progress was made in

minimizing the effects of these conditions st 700°F. This was

WADC TR 52-k41 -1




accomplished at the expense of a major share of the time spent

on the problem, Microscopic examination was the most immediately
applicable technique and was the method used in obtalning the
results presented in this report.

A 1imited smount of previous work had indicated the
possibility of an improvement in ductility and toughness of
magnesium bage alloys with amall amounts of alloy additions
(called dilute alloys for brevity) compared with present day
commercial alloys. The basis for proceeding on the problem was
the bellef that a favorable combination of ductility andi strength
would be obtalned with gome dilute composition containing one or
more of the elements zinc, cerium, ziroconlum, calcium, titaenlum
and possibly nickel, copper and thallium. In addition, it wase
believed that the maximum capabilities of these dilute alloys
would be achieved with gome combination of hot, warm, straight
and oross-rolling procedure, followed by a heat treatment to pro-
duce an extremely fine, equi-axed recrystallized grain structure.
Encouraging results with an alloy nominslly magnesium-0,8 zinc-
0.2 cerium led to the more detalled investigation described in
this report of variations in composition and thermal treatment

for alloys in thie system.
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1.

CONCLUSIONS

Phase Boundary 8tudy

The phase boundary locatlions determined by the miero-
scoplc examlnatlon method at the 706?? isotnermal for
the magnesium-lithium-aluminum and magnesium-lithlum-
zinc systems were consldered tentative, subjeet to
verification by more detailed study. ‘The tentative
evidenoe, hoﬁever, indicated an extensive range of the
elphs and particularly the beta phase field in the
magnesium-lithium-zinc system. These phase fields

‘Were more restricted in the magnesium—llthium-

aluminum system,
The most effective method used to minimize the con-
ditions of a loass of lithium and a genersl surface

reaction of the specimen with the surrounding atmos-

- phere during extended periods ax'7ooor consisted of a

thorough mechanical abrasion of the extruded surface
of the ssmple and protection with double charcoal re-
fined, welding grade helium. }

The extent of the effects of loss of lithium and sur-
face attaek of samples heated at 500°F or below was
not signiricant. No 1nvestigatioh was made of tem-
peratures between 500 and 700°F to eetablish the
threghold temperature at which thege effects became
appreciable.

WADC TR 52-41 3




2.

Dilute Alloy Study

8. A combination of relatively high strength properties
and elongatione exceeding 20% in 2 inches was obtained
for a group of magnesium-zinc-cerium alloys in a region
of concentrations ranging from approximately 0.7 to 1.3%
zine and 0,25 to at least 0.4% cerium.

b. The most beneficlal sheet preparation was consisteatly
the warm rolled and stress relieved procedure. This
combination produced an extremely fine, equi-axed grain
structure,

c. Two proocedures were usged successfully to prepare mag-
nesium-zirconium binary alloys. These methods intro-
duced zirconium as dense zirconium tetrachloride and
as ziroconium sponge. The maximum concentration ob-

tained was 0,76% ziroconium.
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RECOMMENDAT IONS

1. Phase Boundary Study
8. It is reoonmended that the location of phase boundaries
3 by the microscoplc method be continued at 700 and 500,
~and extended to the 300, 200 and 150°F temperature
levels in the nagnesiun-lithium-alumlnum and magnesium-
lithium-zine systems,

b. Continuation of development of the technlquesg of elec-
trical resistivity and x-ray diffraetion is reeommend-
ed to provide supplementary techniques for phase
boundary locations.

2, Dilute Alloy Study

8 ’Additional work on alloys in the magnesium-zinc-
cerium system 1s recommended in view of the promising
mechaniocal propertiéa exhiblted by some alloys.

b. A survey of the mechanical properties in the magnesium-

zirconium and magnesium-zinc-zirconium systems ig re-

commended.,
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MAGNESIUM-LITHIUM BASE TERNARY ALLOYS
PHASE BOUNDARY STUDY
Melting and Casting Magneslum-Llthium Base
Ternsry Alloys

Melting and Casting Technigue
The design, construction and operation of equlpment

for melting and casting magnesium-lithium base alloys in a com-
mon atmosphere of argon was described in the Summary Report for
19#9(1). This early melting and casting of magnesium-lithlum
bage alloye for phasge boundary studies was made 1n an apparatus
conastructed of plaln carbon steel. It was found that non-
metallic inclusions were'present in ingot and extruded microstruc-
tures, being more pronounced in the higher lithium content alloys.
Although the identity of the inclusions was not establighed, it
wos considered that the moast probable source of this condition
wes direct pick-up from the surface of the plain carbon steel
crucible, stir rod and mold of thespparatus. In order to mini-
mize thie condition, the equipment was recongtructed, using fer-
ritic stainlese steel for all parts exposed to liquid melt.
Two modifications of the original operating procedure

vere made, These were!

1. Superheat all melts to a minimum temperature of 1400°F

2. Use an increased length of settling period after the

-final stirring operation.

A detalled desoriptlion of the experimental procedure for melting
and casting magnesium-lithium base ternary alloys is given in
Appendix I,

WADC TR 52-41 6



As a general obsgervatlion, the alloys melted and cast
with the ferritic stainless steel spparatus gave evidence of a
consistent improvement in the degree of freedom from nonametallic'
inclusions compared with melts prepared in the plain carbon steel
conetruction. Obgervetione also indicated that the increased
fluidity of the melt caused by a higher temperature of melting
and the increased length of settling time resulted in an lmprove-
ment in 1ngot.qua11ty.
Investigation of the Use of Flux in Melting Procedure

L eREpEN G ey S——

Two heats were made as the beginning in a study of the
effectiveness of using a flux to promote better separation of
metal and non-metallios. In this work ferrlitic stalnless steel
erucibles, molds and stirring rods were used in the equipment for
melting and casting in an inert atmosphere. In both héats 50
grama of a lithium chloridealithium fluoride mixture was used
having a solidiflication range above the pouring temperature of
the magnesium-1lithium alloy. Intended compositions of the two
ailoys, the flux additions and the recovery of metal are given in

Ta.ble Io

TABLE I

INTENDED COMPOSITIONS OF ALLOYS, FLUX MIXTURES
AND METAL RECOVERY IN PRELIMINARY STUDY OF USE
OF FLUX IN MELTING OPERATION

Intended Intended Flux Metal

Composition Addition Recovery

Alloy Mg/l Mg L1 LiCl LiF Percent
L-91 8.12 8900 11,0 6 gm. by gm. 90.5
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The melting echedule for L-91 and L-92 was as rollows:‘
1, Charge componente in crucible, seal apparatus and flush
with tenk argon for 10 minutes.
2. Melt down under spproximately 2 psl. pressure of argon.
3. When molten stir for 1 minute.
b, SBuperheat to 1450°F and stir for 1 minute.
5. Cool slowly in furnace to 1220°F and pour,

In each case the flux solidified above the pouring tem-
perature of the alloy and renained_in the crucible when the charge
was poured. For elloy L-91, however, the flux appeared to be
vigcoues and adhered to the gtirring rod. It is believed that the
higher range of LiCl (20%) was more useful than the lower range
(12%).

On the baels of this experience six additional heats
were prepared using 10 gm. of LiCl and 40 gm. of LiAF as a flux.
The procedure uged in preparing these alloys was the gsme ag was
used in preparing L-21 and L-92., Table II contains a list of thesge
alloys together with thelr intended compositions and the recovery
of metal,

Microscopic examination of these alloys indicated that
the addition of a flux reduced the number of non-metallie inclu-
slons. Alloy L-161 was exceptionally clean in comparieon with
other alloys of similar compositions. The remainder of the alloys
compared favorably with the best alloys prepared without a flux.
Alloy L-160 was superheated to a temperature of 1520°F, but the

increase in temperature did not produce a cleaner structure. As
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TABLE II

INTENDED COMPOSITION OF ALLOYS AND HEIAL RECOVERY
PREPARED WITH A 10 LITHIUM CHLORIDE-%#0 LITHIIMW
FLUORIDE FLOUX

Intended Composition ﬂ::::try

Alloy g1 .l o Peroent
L-116 30 87,1 2.9 10.0 86.1
117 30 82,3 2.7 15.0 86.1
118 30 77.4 2.6 20,0 92.0
160 8 71.1 8,9 20,0 88.0
161 10 81.8 8.2 10,0 93.6
162 10 80.0 8.0 12,0 87.2

a disadvantage, the cleaning of the oruclbles after pouring vwas
aifficult when flux additions were made. It ie belleved, however,
that this digadvantage could be overcome to some extent by re-
heating the orucibles and pouring out most of the flux. This
procedure was not 1nvestigéted. It was declded that the additien-
gl time involved in preparing a flux heat and in cleaning the sp-

paratus after completing the heat was not Justified by the general

order of improvement resulting from the treatment. This decision
was influenced conslderably by the eonsistent improvement in ingot
quality resulting from using ferritic stainless steel equipment,
ﬁaing practices favoring better separation of non-metsllics from
the melt and from more experience in the technique of preparing
the alloys.
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MAGNESIUM-LITHIUM BASE TERNARY ALLOCYS PREPARED

Selection of Compositions
An initial series of magnesium-lithium-aluminum and

magnesium-lithium-zinc slloys was sgelected arbitrarily near anti-
cipated locations of phase boundaries. As evaluatlion of composi-
tlons proceeded, new composltions were selected closer to phase
boundaries,

Alloy Charging Components
Alloy charging components were the purest metaks avail-

able. These metale are ldentified with respect to physical state
and purity:

1. Magnesium - re-dietilled, high purity cryetals supplied
by the Dow Chemical Company. The analysis
of one shipment of this metal was as fol-
lows, yeight percent:

Al 0,003 NI 0.001 Zn 0,01
Ca 0,01 Pb 0,01 Mn 0,002
Cu 0,001 sy 0,01

Fe 0,001 Sn 0,001

2. Lithium - purified lithium ingot, supplied by Dow
Chemlcal Company, Magnesium Diviaion,
Midland, Michigan. No analyeis was fur-
nished with the ingot shipment. The concen-
tration of godium, believed to be the prin-
cipal impurity, was 0.02%, as determined by
flame photometer analysis.
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3. Aluminum

b, 2Zinc

WADC TR H2-il

- high purity notched pig, supplled by

Aluminum Regearch Laboratories, Aluminum
Company of America, New Kengington, Penn-
sylvanla. Specified as 99.99% eluminum, the

following anslysis was suppliled:

Cu = 0,0038% Mg = 0,0009%
Fe = 0,0007 Na = 0,0001
84 = 0,0014 Ca = Not detécted

Mn = Not detected

Horsehead Special (99.99 + # Zn) pig, sup-
Plied by Belmont Smelting and Refining Works,
Inc.s 330 Belmont Ave,, Brooklyn, N.Y.
Guaranteed purity was?

Pb = 0,006% maximum

Fe = 0,005% maximum

Cd = 0,004% maximum

Sum of Pb, Fe and C4 0,01%

Alloye Melted apd Cast

A oomplete 1list of the intended compogitions and chemi-
cal analyses, where determined, of all magnesium-lithium bage
ternary alloys melted and cast is given in Table XIX, Appendix II.



EXTRUSION OF MAGNESIUM-LITHIUM BASE
TERNARY ALLOYS

Purpoge of Extrusion

Extrusion waé selected as a means of mechanlcal defor-
mation of experimental magnesium-lithium base alloys for the fol-
lowing reasons!
1., To provide a reproducible method of thoroughly working
the cast struotures under controlled conditions of def-
ormation. It was anticipated that the uniformity of
phase distribution and the eventual approach to equilib-
rium conditions would be enhanced by a reduction ap-
proasching 100%.
2, To provide a method of mechanical working of complex
cast structures tco brittle to work by rolling, forging,
s¥aging or drawing. |
Homogenization ot Billets for Extrugion

Prior to extrusioen of 1-1/2 inch dlameter ingota to
1/8 in, diameter rod, it was a standard practice to homogenize
the ingote 48 hours at 500°F, The ingote were given several coats
of Dow-Corning 993 silliecone varnish (50% solids) before heating.
This method of surface proteetion was not entirely successful and
in some cases the ingots were severely oxidized at sites of break-
down of the coating. It was necessary to discard these alloys and
to develop a more sulitable means of protection during the cycle.

The possibility of using an English proprietary mixture
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“Keepbrytei(&) a8 a means of providing protection was investigated.
Thie material produced an extremely adherent, glass-like surface
coating at 500°F, The mixture wags applled to ingots that were
preheated for 10 minutes in an eleotrio resistance furnace con-
trolled at 500°F, Thig length of time was sufficlient to heat the
ingots to a temperature that would fuse the "Keepbryte® and rorm
an adherent cbatlng. The ingots were then returned to the furnaoce
for a hé hour treatment at 500°F, Experience with this material
1ndicé$ed that excellent surfasce protection was given to most
magne sium-1ithium base alloys homogenized 48 hours at 500°F, It
wag found, however, that alloys contalning large amounts of both
l1ithium and zinc (greater than 10%) were not protected from attack
by the mixture. These same alloys suffered severe damage at 500°F
when coated with Dow Corning 993 eilicone varnish prior to homo-
genlzation,

ds 8 result‘or these observations, 1t was decided to uge
“Keepbryte! for surface protection during homogenization of all
magnesium-lithium base alloy billets except those containing both
lithium and zinc in concentratione'greater than 5% of each com-
ponent. It is planned to homogenize future high lithium-high zino
alloys after sealing each alloy individually in a tightly capped
steel pipe.
Experimental Procedure for Extrusion

The extrusion of magnesium-lithium base alloys waas car-
ried out by the direct method, using a emall laboratory-scale
(a) Trade name of a materisl supplied by Kasenit Lt'd., 7 Holyrood

Street, London S.E, 1., The material was reported to consist of
essentially borlc acid with a small percentage of ferric oxide.
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extruslon press. Originally, the equipment was mounted in a South-
wark-Emery testing machine having a maximum available force of

50 tons. The equipment was modified to permit operation on a 125
ton Watson-Stillman hydraulic press, resulting in the following
inprovements?

1. The greatsr avallable force permits extrusion of com-
poeitions which could not be extruded in the 50 ton
capacity arrangement,

2. Lowoer extrusion temperatures are permitted.

3. There has been a significant improvement in surface
quality and stralghtness of the 1/8" dliasmeter extfuded
'rod.

A standardized procedure was established whereby the
alloys were extruded to 1/8 in. dlameter rod at the lowest tem-
perature possible with the force available using an extrusion
ratio of 144 to 1 - a reduction in cross-sectional area of over
99%. The process of extruding experimental alloye was acceler-
ated by prehéating billets in a muffle furnace controlled at 500°F
for 10 minutes prior to charging for extrusion.

A summary of the extrusion conditions for all magnesium-
lithium base ternary alloys extruded for phase Boundary study ia
given in Table XIX, Appendix I1I,
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CHEMICAL ANALYSIS OF MAGNE SIUM-LITHIUM
BASE TERNARY ALLOYS

Methods of Quantitative Analysis

Procedures used for the quantitativé determination of
lithium, aluminum and zinc in magnesium-lithium base alloys were
obtalned from the Dow Chemical Company. Initial determinations
of lithium were made with a gravimetric method. Later, a Perkin-
Elmer Flame Photometer, Model 52A, was obtained and a msjority of
the 1lithium determinat ions reported were made by this instrument,
Otcasional checks by the gravimetric method were made, showing
cloee agreement between the two methods. Determinations of
aluminum and zinc were by gravimetric methods,

A summary of all quantitative determinations of lithium,
sluminum gnd zine 1s given in Table XIX, Appendix II,
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METALLOGRAPNIC STUDY OF MAGNE SIUM-LITHIUM BASE ALLOY
PHASE BOUNDARIES

General Plan snd Progedure for Study

Bxperimental work on the application of the miocroscopic
methold of loocating phase boundaries in the magnesium-lithlum-
aluminum and magnesium-lithium-zinc systems was emphasized almost
to the exslusion of the x-ray diffraction and electrical resis-
tivity methods, It was congldered probable that the microscople
method would be the most readily adaptable and informative of the
three methods for initial losations of phase boundaries. The
principal application for the other two methods was to supplement
and possibly confirm mioroscopic data, providing suxiliary methode
to investigate controversial detalls.

The general mrocedure of the microscopic examination
method used in this initial phase boundary work was:

l. Prepare ssmples of 1/8 in. Alameter rod extruded from
ingote homogenirzed at 500°F to a reduoction in cross-
sectional area of over 99% at the lowest temperature
permitted by the avallable force of the extrusion
equipnment,

2. Heat samples at 700°F and 500°F temperature levels to
achleve equilibrium conditions, using a protective at-
mosphere to minimize attack of samples at these elevated

temperatures. A sufficient length of sample was used to
provide materiasl for microscopic examinatioh and ehemical

analysis.
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3. Quench rapidly teo roocm temperature in kerosene.

k, Mount transverse and longitudinal sections of the heat
treated rod in a plastic material at room temperature
and withoﬁt.preasure to minimize the possibility of
destruction of the elevated temperature conditions in
the quenched sanpléa.

5., Examine the microstructures and with the aid of suitable
etchantes determine phases presgent and relative smounts.

6., Determine by chemlical anslysis the concentration of
lithium, aluminum or zinc in the samples found to be
near phase boundaries,

7+ On the basie of the microscoplc examination and chemical

~anglysig select new coﬁpositions of alloys cloger to
phase boundarles for preparation and evaluation,
Metallograephic Technigue
| A detailed description of the metallographie procedures
for magnesium-lithium base alloys is summerized in Appendix IV,
Development of Methods for Thermal Treatment of Alloys ‘

The development of a succeseful procedure for obtaining,
at room temperature, a structure representative of high tempera-
ture equilibrium in megnesium-lithium base alloys was a major
problem in the application of the microscopic technique to the
phase boundary study. Three individual approaches to fhe problem
of sample protection during heat treatment were:

1. Design and construction of a specimen container to hold

& number of specimens in an inert atmosphere in order to
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3.

below.

1.

attaln equilibrium conditions at elevated temperatures.
An important requirement of the design was to permit
rapld transfer of gamples from the fixture to a quench-
ing medium.

Development of a procedure to seal samples in Pyrex
tubes for protection during heat treatment.

Evaluation of the use of a proprietary mixture "Keep-
bryte" (see the discussion on homogenization of ingot
gtructures p. 7 ) for surface protection during hest
treatment.,

A dlscussion of the development of each method is given

Development of a Specimen Contalner for Heat Treatment

Inltlal work on this development was described in
the laet Summary Report(l). Experimental work on the
original holder machined from a block of aluminum alloy
2% wasg dlscontinued asfter repeated efforts to obtain an
erfective seal for the protective atmosphere were un-
successful.

The deelgn of & specimen holder was changed to
provide chambers for 16 samples in a single, cored and
cast block of Alcoa #356 aluminum alloy. An inert at-
mosphere was distributed to each chamber by means of a
common menifold, cored into the cast block. A single
seal to retain the specimens and the protective atmos~

phere was provided, An agsembly drawing of the specimen
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container ig shown in Fig, 1. The bottom of the con-
tainer was sealed with a single gasgket held between the
container and the bottom by a steel retainer plate.
Rapid ejection of the specimens was accomplished by re-
moving a steel wedge to release the latch holding the
retainer plate. Speeimen ends were seated in emall
graphite spacers to prevent physical contact wlth the
chamber walls and to facilitate rapid removal during
the quenching operation.

An electrical resistance furnace was constructed
for use with the container., The furnace core, an
alundum tube 5" ingide diameter and 12% long, was
mounted vertically in an insulated steel shell with
provision for openings at both ends. The specimen con-
tainer asgembly was suspended in the furnace tube by
means of a steel frame. At the completion of the heat
trestment cyele the furnace bottom was removed and the
gpecimen container was lowered to a positien where 1t
was opened to discharge specimens into a quenching bath.

Initial operation of the contalner in 96 howruns
at 700°F, uging tank helium as a protective atmosphere,
indicated that s general surface attaeck of specimens
wag related to the rate of flow of the hellum into the
contaliner. A more eeveré ettack with a greater flow of
helium was consldered evidence of the action of a minor.

extent of impurities in the gas. On the basls of these
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3.

5.

6.

7.

9.
10,
1l.

12,

Key to Details in Figure 1

§pggigg§_ggn§gggg;, a single casting, Alcoa 356
alley.

Atmosphere Injet, 1/8" standsrd steel pipe.

Specimen Chambers, 16 holes 9/32* diameter, 2%
deep, 13/32* between centers.

hermoc Well, 5/32* diameter, 2' deep.

Atmosphere Distribution Manifold, 2" x 1-3/4% x
1/2%, 3/8% radii at corners, 1/2" dliameter
center bulb.

Wedge Back-Up Plate, etainlees steel, 2-7/8% x
3" x 1/8%, gecured with six No, 8-32 x 1/2*
long stalnless asteel machine screws,

Gasket, ocopper-asbestos sandwich type.

Container Bottom Block, Alcoca 356 alloy, 2-1/2"
x 2 x1/2%,

Latch Shaft, drill rod, 3/l6" diameter x 3* long.

Latch Wedge, stainless steel, 3% x 3/4% x 1/8%.

Bottom Retainer Plate, etainless steel, 2-7/8* x
2-3/8" x 1/8"¢: poeition adjusted with eix No.
8-32 x 1/2" long machine screws,

Latch, stainless steel.
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SPECIMEN CONTAINER FOR HEAT TREATING MAGNESIUM

ALLOYS FOR MICROSCOPIC EXAMINATION
RENSSELAER POLYTECNIC INSTITUTE
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observations a purification train was agasembled and 1in
operation the rate of flow of the inert gas was adJusted
to a minimum.

The train consisted of (1) a mercury -¢eal eafely
valve on the input end of the train leading from the
tank pressure regulator, (2) a Milligan bottle contaln-
ing concentrated sulfuric acid, (3) a tube furnasce opera-
ting at 1200°F containing calcium chips, (4) a second
tube furnace operating st 320°F containing lithium foll,
and, (5) a mercury manometer on the output end of the
traln leading to the specimen container. Comparison of
samples heat treated in the aluminum container with and
without the gas purification train indicated that the
train had little effect upon the smount of surface at-
tack. The use of the train wﬁs discontinued.

Continued operation of the container for heat treat-
ment of samples, using tank hellum as an atmosphere in-
dicated that resulte compsrable to the method of seéling
gamples within Pyrex tubing were obtalned. |

Repeated use of the apparatus at 700°F caused ex-
cessive distortion of the aluminum ceeting in the reglon
of the latch mechaniesm and eventuslly prevented rapid
releage of heat treated samples. It 1s belleved that
this problem would be minimized by the uge of steel in
all highly stressed members of tné apperatus. Work on
this equipment was hslted temporarily because it was
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found that the method of sesllng semples in Pyrex for
protection during heat treatment offered an immediate
and acceptable solution to the problem of preparing

gsamples for microscoplc study.

- Development of Procedure to Seal Sampleg in Pyrex Tubes

fdr Protection During Heat Treatment

A procedure was developed to protect magnesium-
lithium bage alloys during heat treatment by sealing
within Pyrex tubing. Samples of 1/8 in. diameter ex- |
truded rod appfoximately 3 in. long were cut, identified
by stencilling and placed within 1/4 in. inside dlameter

"thin wall Pyrex tubling. Physicsl contact between the

samples and the tubling was prevented by means of a emall
washer on each end machined from gpectrographic carbon
electrodes. A thin, spherical bulb, approximatelyrl/z
in., diameter was blown on one end of the Pyrex tube to
facllitate fracturing and rapld ejeection of the specimen
during quenching. A photograph of a Pyrex tuﬁe, sample
end washers and a completed sample sesled within the
tube 1g shown in Fig. 2.

A preliminary investigation was made to determine
the type of stmosphere to seal within the tubes in order
to obtaln the most proteetion during heat treatment.
Three types of atmospheres were studied:

8. The tube was evacuated by means of a smsll mechan-

ical vacuum pump. The exact magnitude of the pree-
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Figure 2

Illustration of the Pyrex tube blank, sample and end washers
and completed sample sealed in tube for protection during heat
treatment of magnesium-lithium alloys.
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Ce

sure was not measured but was estimated to be of
the order ¢f 0.1 mm. of merocury.

The tube wasg alternately evacuated and flushed with
tank argon rbr a series of three cycles and even-
tually sealed to leave a elight positive pressure

of argon within the tube,

The same general prooedure as for argon was applied
using double charcoal refined héliun of a guaranteed

purity of 99.99% helium.

The results of this study using alloy L-21 (megnesium-

11.85% 1ithium) and a heat treatment of 24 hours at

700°F indicated that the helium atmosphere provided

better sample protection than the other two methods,

The least protection was provided by the evacuated

atmosgphere.

The following standard procedure for sealing sampl es

within Pyrex wag then established and used in all routine

heat treatment of magnesium-lithium-sluminum end mag-

nesium-lithium-zince alloys.

- 1Y

Use samples of 1/8 in. diameter extruded rod 3 in,
long. This sample length provided ample material
for a transverse and longitudinal section for
microscoplc examination and for chemical anslysis
after heat treatment.

Ingert sample vith graphite washers on ends into

tube, Alternately evacuate and flueh with helium
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three times.
Ce. Seal the agsembly under a elight positive pressure
of helium within the tube,

3. Evaluation of Sample Protection Afforded by “Keepbryte®
| As a result of the favorable action of the pro-
prietary compound *Keepbryte® in protecting billets
during homogenlgzation at 500°F prior to extrusion, an
aﬁxiliarj investigation was made to determine the suit-
abllity of thie materisl for protecting 1/8Y diameter
extruded rod gpecimeng at 700°F in preparation for micro-
scoplc examination. An alloy particularly susceptible
to damaga during heat treatment at 700°F was selected
for trial (alloy L-90, charge 223, magnesium-ll. u,
lithium-20,0 zinec).

81x specimens were heated to approximately 40O°F
and‘plunged into "Keepbryte'! powder. This operation was
repeated four times in the hope that the coating would
be more continuous. The gspecimene were then heated 24
hours at 700°F in air and quenched in kerosene. It was
found that the coating hed not provided complete pro-
tection and that attack of the gpecimens proceeded in-
ward from these siltes of coating breskdown.

No additional work with "Keepbryte! during heat
treatment of specimens for mlcroscoplic examination wae

carried out.
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Selectlon of Method for Sample Brotection During Heat Ireatment

- The method of“proteoting magnesium-lithlum alloys by
sealing within Pyrex tubing was sslected as the standard procedure
and practically all alloys examined microscopically were-proqeased
by thls method. This decision ﬁ@s based to a conalderable extent
on the fact that the Pyrex tubling method was satisfactory and
could be applied immedlately without addltional development to
accelerate the heat treatment program. The tedious natupa.ot.the
sealing process compared to the aluminum container method wag not
a serious obstacle in practice. ;

A comparable degree of semple protection was provided
by the Pyrex tubing procedure and the aluminum contalner, Both
methods were successful for practically all ranges of gompositions
atudied in the two ternary systems for temperatures up to 500°F.
Heat treatment of specimens at 700°F resulted in a consigstent ob~
servation of a depletion of the beta phage in the surface of
specimens and a sub-surface reaction appearing much like ah 1nter-
nal oxidation. The depth of penetration of these conditions was
more pronounced the higher therooncentration of lithium and the
longer the time of heat treatment.

In most samples of alloys heat treated by either pro-
cedure at 700°F, the center structurewms not demaged by the treat-
ment. The microscopic examlination and chemical analysies of this
structure was the basls for proceeding on the metallographic por-
tion of the invegtigation of phase boundaries. It was dileturbing,

however, to know that these surface conditions result to a signif-
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icant degree in the alloys contalning a large amount of lithium
snd. zinc or lithium 2nd sluminum. A considerasble smount of time
was gpent in an effort to find the casuse of the trouble and to
overcome the difficulty.

More recent information on the optimum procedure for
using helium as a protective atmosphere, obtained in connection
with development of the electrlcal reslstivity apparatus for phase
boundary study (see p. 62), indicated that an improvement in the
reslstance to surface reaction was provided by polishing the sample
with fine emery paper prior to heat treatment in a helium atmos-
phere. Thls may indlcate that the problem of gurface attack is
related to'conditions existing on the extruded surface of the
sample prior to heat treatment. Work on thie aspect of the prob-

lem is in progress.

Experimental Procedure for Heat Treatment of Samples for Micro-
gcoplc Study

Samples of magneslum-lithium bage alloys sealed in Pyrex
tubling were heat treated for microscopic study in an electrical
resistance furnace. The furnace temperature was controlled with
8. Wheelco "Capacitrol" Model 224,

During heat treatment, Pyrex tubes were held in a maa-
sive block of sluminum in order to minimize temperature fluctua-
tlons. The block accomodated 14 tubes. A chromel-—alumel thermo-
couple was passed through a small hole in the door of the furnace
and its hot junction was held rigidly against the aluminum block.

The chromel-alumel thermocouple was calibrated agalnast a platinum,
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platinum-rhodium thermocouple standardized by the National Bureau

of Standards. Semple temperatures were measured with a Brown
Potentiometer, Model 1117. VWhen the furnace was contfolllng at the
700°F temperature level the average sample temperature was 695°I.
with & maximum observed temperature varlation of plus or minum 7°F
and an average variation of plus or minus #°F. At the 500°F temper-
ature level the average sample temperature was 495°F, with maximum
and aversage temperature variations approximedly the same as at the
700°F level.

At the conelusion of the heat treatment the pyrex tubes
vere removed from the bloeck, transferred rapldly to a quenching
bath, fractured and dropped into the dath. Kerosene was used as
the quenching medium for practically all samples. In geversl cases
where water was used for quenching, a distinct reaction between the
gample and water was obgerved and the use of water was abandoned.
The kerosene bath was retained in a massive steel orucible and had
e volume of approximately 1 liter. Pyrex tubes were crughed against
the top flsnge of the orueible and specimens dropped into the kero-
sene., The average elepsed time between removing the tubes from the
furnace and immersion in the kerosene was three seconds. The kero-
sene bath was used at room temperature,

From mierostructural observations kerosene was found to
be effective in preserving the phage relatlonghips at the tempera-
ture of quenching. In a few 1solated specimens, however, evidence
of precliplitation from solid solution was observed. An example of

this condition 1g shown in Fig. 11 for alloy L~902(magnesium—9.9$
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1ithium~20.2% zinc) heat treated 24 hours at 700°F and quenched in
kerosene. In these cases 1t was suspected that the rate of quenehs
ing may have been retfirded by the kerosene temperature rising to an
apprecliable degree above room temperature and to a delay in transfer
from the furnace to the quenching bath. Subgequent study indlcated
that this suspleien was correct.

Tentoative Determination of Sample Heat Treatment Time
Auxilliary metallographie studlies were made to determine

a tentative time for heat treatment of samples at 500°F and 700°F.
The object of this work was to select a length of time to be used
a8 a standard treatment of all samples, at a given temperature,
such that conditions would be obtained to provide a close approach
to equilibrlium for the tentative location of phase boundaries in
both systems studied.

A study was made to compare the degree of approach to
equilibrium for samples heat treoted 2% and 72 hours at 700°F,
respectively. Alloys used for this work, together with treatments
used and microstructural observations are listed in Table III. The
longer time of treatment was carried out in Pyrex tubes and the
shorter time of treatment in the aluminum container. Comparing the
72 hour and 24 hour heat treatment times, microstructures in the
centers of specimens of alloye appeared practically identical with
regspect to relative percentages of phases present. A slightly
greater degree of beta phase agglomeration and a small ameunt of
grain coarsening was evident after 72 hours. An example of thege

observations is given in Figs. 3, 4 and 5 comparing the microstruc-
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Intended Condition
Composition ‘ Heat
and (Ghemical
Extrusion Ana, Time Temp.
Alloy Charge M L;, Zn Ext'da, (Hr) (°F§
L-L2 179 15 6.1 2,0 AE., - -
(5.32)(2.04) 24 700
72 700
: 24 700
72 700
L-SO 18” 17 5-5 6. o Ach - -
(5.0)(5.6) 24 700
72 700
L-Bu 218 30 3. 2 2. 0 A.E . - -
24 700
’ 72 700
L-85 219 30 3.1 uoo A.Eo hd -
24 700
72 700
L-162 290 10 8,0 12.0 AE,. - -
(7.0)(12.1) 2 700
6 500
12 500
ko 500
48 500
72 500
WVADC TR Ho-l1 n

TABLE III

SUMMARY OF ALLOYS, TREATMENTS AND MICROSTRUCTURAL
OBSERVATIONS IN A STUDY TO ESTABLISH A HEAT TREATMENT

TIME FOR TENTATIVE PHASE BOUNDARY LOCATIONS

Phases Pregent

and

Estimation of
Treatment Relative Amounts

Alphs Beta Third

Percent
80 20
80 20
80 20
80 20
80 20
80 20
85 15
85 15
85 15
100 -
100 -
100 -
100 -
100 -
100 -
45 b

9 60

0 40
Lo 4o
ko Lo
o &40
ko 40

10 MgLiZn
1 MgliZn

20 MgLiZn

20 MgLiZn
20 MgLizn
20 MgLiZn
20 MgliZn




AERaYe)

TF 52-41

Fieure 3

Neg: 251 Mag: 100X
Spec: 1}723  Etch: Salieylie
20 sec,

Traverse section of the center
structure of asextruded alloy
L-42 (charge 179, magnesium 5,32

< lithium 2,0/ zinc), showing approx-
. imately 80% alpha and 20% beta
, phases in a relatively uniform dis-

tribution.,
Figure L
Nepg: 253 Mag: 100X
~ Spec: U709  XEtch: Salicylie
N 20 sec.,

Tvrical appearance of the center

: structure of extruded alloy L-42

after heat treating 2L hours at 700°F
(in a helium atmosrhere in an alu-
minum container) and quenched in
kerosene, The bhetz phase vas ag-
clomerated but there was little
chance in relative amounts of phas-
es,

Figure 5

Yeg: 255 Mag: 100X
Spec: 7M1 Etch: CSalieylic

20 sac,

Same conditions as for Figure
but. heat trested 72 hours. No sie-
nifiesant chanee in the amount and
distribution of rhases was observed
as a result of the increased time
at. temoeratnre,



tures of gpecimens in the as-extruded and heat treated conditions.
The only significant difference produced by the longer time at 700°F
was tb extend the depth of a surface layer depleted‘in the beta
phase and to extend the condition which appears like an internal
oxidation, |

On this basis of these obgervations the heat treatment
of 2l hours at 700°F was chosen for all alloys in both systems.
This decision was consildered Justified because (a) the 24 hour
treatment produced a sufficiently close approach to equilibrium for
the purpose of the initial locatlon of phase boundarles by the
microscopic method, and, (b) the degree of surface attack of speci-
mens and loss of 1lithium from the specimen increased as the heat
treatment time was lengthened.

An invegtigation was also made to establish an acoqpfable
time of heat treatment at 500°F for the initial studyvor phases
present at this temperature. The intended composition of the alloy
selected for this study was msgnesium-8 lithium-12 zino (L-162,
charge 290). Alloy L-162 ocontained three phases in both the as-
extruded condition and after 24 houre at 700°F heat treatment.
Thege phases were alpha, beta and a phase tentatively ldentified
as MgLiZn., Samples of slloy L-162 were sealed in Pyrex tubes in
an atmosphere of helium, held 6, 12, 40, 48 and 72 houre at 500°F
and quenched in kerosene. Ag shown in Table III mioroscopic examina-
tion indicated that all treatments produced a structure containing
spproximately 40% slpha, 40% beta and 20% MgLiZn phases. Affer

heat treatment for 48 hours the microstructure had reteined the
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typically extruded stringer-like dlstributien of alpha and beta
phases. The extruded structure was practically eliminated in the
sample heat treated 72 hours and the microstrueture was a uniform,
equi-axed mixture of the three phases. There was no evidence of a
signiflcant degree of sample surface attack during the heat trest-
ment gt 500°F, From the results of thieg study; 72 hours was selec-
ted as a standard heat treatment time for magnesium-lithium-gziné and
magnesium-lithium-gluminum alloys in the initial study of phases
present at 500°F,
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Phage Boundaries in Magne slum-Lithius-Aluminum System

The miorostructures of 57 alloys in thls syetem were
examined after heat treatment at 700°F and some of these alloys
were exsmined after heat treatment at 500°F., In all cases the
feat trea$§d and as-extruded conditions of the same alloy were
compared in order to fallow the appearance or disappoarante of
a phase at elevated temperature., A summary is given in Table IV
of the alloy intended compositions, chemical anslyses when deter-
mined and estimation of phases present at 500°F and 700°F, Ten-
tative locations of phase boundaries for the msgnesium corner of
this system at 700°F are ghown in Fig. 6.

It is to be emphasized that the locations of phase
boundaries in Fig. 6 are tentative, subject to additional invesj
tigation with new compositions and verification. The broken 11n§e
in Fig. 6 represent probable locations, estimated from evidence too
limited in extent for more definite placement. The 1dentifiocation
of the phase designated AlL1 1s tentative, awalting the completion
of an x-ray diffraction study of intermedlate phases for verifica-
tion. The anticlpated extension of the phase, deslignated Mg;.,Al,o
in the binary magnesium-lithium system, into the ternary system
1s indicated in Fig. 6 as a s0lid solution of magnesium, aluminum
and lithium.

No phase relationships were plotted for the 500°F tem-
perature level becanse the extent of 1nvestigation at this tem-
perature hed not provided a sufficient amount of data.

The only known literature on the constitution of ternary
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TABLE IV
SUMMARY OF MAGNESIUM-LITHIUM-ALUMINUM ALLOY INTENDED
COMPOSITIONS, CHEMICAL ANALYSES AND MICROSTRUCTURAL
EVIDENCE OF PHASES PRESENT AT 500°% AND 700°F

Phases Pregent

Condition and
Heat Eetimgtion of
Intended Trestment Relative Amounts
Alloy Extrusion _Compositlon As Time Temp. Percent
Charge L1 4L Ext'a, (Hr) (°F) ZAiphp Beta Other
L-19 153 19,0 5,0 -
(4+.87) - A.E. - - 100 - -
72 500 100 - -
72 700 100 - -
L-20 151 11.5 8.0 -
. (7.77) - AE., - - 50 50 -
72 500 50 50 -
72 700 50 50 =
L-92 261 9.0 10,0 =
A.E. - - - 100 -
(1k.9) - - 24 700 - 100 -
L-91 260 8.1 11.0 -
A.E. - - 20 80 -
(10.5) =~ - 2k 700 10 90 -
L-21 157 7.3 12.0 -
(11.85) - A.E. - - 100
2k 700 100
L-43 175 5.7 15.0 =~
(15.15) - A.E. - - - 100 -
72 500 - 100 -
9% 700 - 100 -
L-130 268 20,8 4,5 2,0
A.E. - - 100 - -
24k 700 100 - -
L-54 188 17.0 5,8 2,0

A.E. - - 100 - -
(s5.4)(1.9) =~ 24 700 100 - -

L-120 284 9.8 9.0 2.5

AE. - - 50 50 -
- 2k 700 50 50 -
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Extrusion

Charge

L-122

L-1321

L_52(a)

L-56(a)

L-123

L-142
L-150

L_zé(a)

258
259
?69
189
191

253

279
262

158

TABLE IV, Cont'd.

Condition
Heat
Intended
Composition As Time Temp.
L1 Al Ext'a, (Hr) oF
8.3 10.5 2.5
(909—
908) hnd A.E. - -
(9.7) - - 2k 700
7.1 12.0 2,
(11.6-
11'9) hand A.E. - -
(10.8) - - 2k 700
1.3 3.0 3.0
A.E. - —
2h 700
17.0 5.6 4.0
(4.9) - A.E. - -
72 500
72 700
15,0 6.0 &.0
(h’o7)(3.87) A.E. - -
72 500
72 700
1003 805 b’oo
(8.0" .
7.9){5.9) A.E., - -
(7.4)(6.7) - 2k 700
7.7311.0 4,0
A.EC - -
3.80 20.0 4.0
A.Eo - -
700
10.0 8. .0
(a.nz)(i.bs) AE. - -
72 500
72 700

(a) Notes at end of table.

WADC TR 5241

37

Phages Pregent

and

Egtimation of
Treateent Relstive Amounts
Percent

Alpha Beta Other

20
15

100
100

100
100
100

100
100
100

ko
60

ko
25

ko
50

80
85

100
100

ko
ko

50
75

100
100

ko
ko
50

20 A1l

10 A1LL

20 A1L1
20 A1LA



L-58
Lo (B)
L-71(®)
L-53
L-57
L-139

L-128

. L=151

Extrusion

SCharge

193

207

20l

192

196

276

255

263

WADC TR 52-M41

TABLE IV, Cont'a,

Intended
Composition

8.0

6.0

99.0

30.0

17.0

15.0

10.0

6.5

3.7

10.6 5.0
(10.2) (4.65)

(12 6)(2 gs)
0.9 6.0
(o.é)(s.o)
3.0 6.0
(3.0)(4,2)
5.5 6.0

5.9 6.0
(5.2)(5.0)
8.5 6.0
(8.3)(6.4)
12,5 6.0
(11.0)(4.8)
20,0 6.0

38

Phageg Pregent

Condition and
esa nFst%nati:: of
Tregﬁgent elative ounts
As Time Peroent

Ext'a, (Hr) °F' er -
AE. - - 10 87 5 ALl

96 700 5 95 -
A.BE,. - - 20 70 10 AllA

24k 700 30 70 -

A.E. - - - 100 -

96 700 100 -

A.E, - - 200 - -

- 2l 700 100 - -

A.E. - - 100 - -

- 24 700 100 - -

A.EQ - hnd - - -

72 700 100 - -

AOE. - — 100 - -

- 24 700 100 - -
AE. - - 55 510 AlL4
- 2k 700 59 0 1 Alla
A.E. - haud - 85 15 A]-Li

- 2l 700 - 100 -
A.E. - - - 90 10 AlLi

2y 700 - 100 -



TABLE IV, Cent'd

Phages Present

Oondition . and.
. Heat Egtimation of
Intended ~ Treatment Relative Amounts
Percent

Extrusion Composition As Tige Teng
Alloy _Charge njﬁp‘-i J":.__'f‘""g_' Exttd, (Hr) (°F

ha‘!bta‘atnor

L-148 265 5.2 15.0 7.0 B
(h.2)(6.1) 2% 700

L-140(®) 277 - - 7.5
AE. - -
L1 (®) 298 91,0 1.0 8.0 . |
. Ao ° - hd
L-129 252 6.4 12.5 8.0
"AE. -

(10.8)(7.5) - - 700
L-152 26k 3.6 20,0 8,0

(19.2)(8.2) =" 3 700
L-I49 266 5.1 15.0 9.0

A.E. - -
(13.7)(9.3) -~ 24 700
. AOEQ - -
24 700
L-136 274 29.0 3,0 10.0
’ ) A.E . - Ld
(9.03(9.8) - 2k 700
L-132 270 17.0 5.0 10.0 .
AE, - -
(8.7)(10,2) - 24 700

WADC TR 5241 "3

85
85

100
100

70
70

50
50

93

80 20 A1L1
100 -
- 15 H817

- 15 !817
Al 2

80 20 A1Li
90 9 AlL1

90 10 AlLi
100 -

75 25 AlLi
85 15 AlLi

- 30 u817
- 30 l!817

35 15 AlLi
35 15 AlLi




TABLE IV, Conttd

Phasea Present

Condition and
Heat Egtimation of
Intended Treatment Relatlve Amounts
Extrusion Compogition As Time Temp. Percent
Alloy _GCharge Mg/Li LI Al Ext'd. (Hr) (°F) Alphs Beta Other
1.-133 271 14,0 6,0 10.0 e
(5.5)(7.6) — 24 700 90 - 10 AlL%
(6.7)(8.2) 0 o4 no0 90 - 10 AlLi
L-27 159 10.0 8.2 10,0
AE. - - s 20 35 AlLi
72 500 50 10 B0 Al1LA
2 700 by 20 35 AlLA
L-23 155 8.0 10,0 10.0
AE. - - 33 33 33 AlLd
72 500 35 35 30 AlL4
72 700 35 35 30 A1LL
L-126 256 6.8 11.5 10.0
(10.8)(10,0) - 24k 700 20 65 15 A1LA
L-59 194 6.0 12.9 10.0 :
A.E - - - 60 40 AlLL
72 500 - 65 35 AlLA
72 700 - 65 35 AlLA
-164(P) 281 23.3 3.5 15.0
AJE., - - 80 - 20 Mg17
Alyp
(2.8)(15.1) - 24 700 70 - 30 Mg)
Al
1
L-143 280 16,0 5.0 15,0
AE. =~ - - - _
(4.8)(15.4) -~ 24 700 8o - 5 AL,
15 Mgyo
Allz.
L-31 235 10,0 7.8 15.0
AE. -~ - 90 - 10 AlL%
(7.1)(12.5) - 2k 700 90 - 10 AllA
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TABLE IV, Cont'd

Phases Present

Condition and
) Heat Estimation of
Intended Treatment Relatlve Amounts

Composition As Time Temp.
MgZEfL'igg"'ziﬁ Ext'd. (dr) (°oF

Extrusion

Alloy Charge
L2l 156
L-127 257
L-60 195
L-153 287
L~155 285
L-1k46 283
L-145 282
L-32 233
L-25(a)

161

WADC TR 5241

Percent

Alpha Beta Other

8.0 9.4 15.0

'AOE. - -
72 500
72 700
6.7 11.0 15.0
A'Eo - -
2k 700
6.0 12,2 15.0
A.E. - -
500
72 700
h"? 1500 1500
A.E. - -
(13.9)(15.8) - 2k 700

3.3 2.015.0
(18.9)(16.0) - 24 700

21.9 3.5 20.0
AE, = -

24 700

15.0 5.0 20.0
A.E. - had

(4.6)(23.3) - 24 700

10.0 7.3 20.0
A.E -
(6.8)(17.2) - 2k 700

8.0 8.9 20,0

(8.54)(18,9) A.E. - -
500
700

-

Lo
ko
ko

30
38

30
. 25
Lo

50
50

60
70

. 90

80
80
80

25
25
25

35
38

50
50
30

70
70

90
90

35 AlLi
35 AlLi
35 A1l

35 Alld
24 A1L4

20 A1Li
25 AlL1
30 A1Li

30 AlL1
30 A1Li

10 A1)
10 AlLl

50 Mgy7
50 ¥gy 7

40 Mgy,
30 Mgyn

10 AlLi

20 AlL}
20 AlLi
20 AlLi



TABLE IV, Cont'a

Phaegea Pregent

Condition and
Heat Eetimation of
Intended Treatment Relatlive Amounts
Extruslon _Composition As Time Temp.__ Percent
Alloy _Charge 1 L1 AL Ext'd, (Hr) (°F) Alpha Beta Other
L-61 234 6.0 11.4 20,0
A E. - - 23 33 33 Alld
(9.2)(20.3) - 2k 700 0 Lo 20 A1L4
A.E. - - - 60 40 A1LA
(12.9)(21.3) - 24k 700 5 60 35 AlLi
Notea®

(a) The estimation of phases present for the alloy in this tabula-
tlon 1s different from results reported in Monthly Progress
Reports. Re-examination of these alloys after more experilence
was gained in metallographic specimen preparation indicated a
consistent tendency to over-estimate the relative amount of the
phase belleved to be AlLi.

(b) The samples for the alloy were protected by "Keepbryte* during
heat treatment and were not sealed in Pyrex tubes.
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a5 . LEGEND

W/ SYMBOL MEANING
/\/\/\/\ o) SINGLE PHASE ALLOY
aq N TWO PHASE ALLOY

/@/700 °F >®\ a THREE PHASE ALLOY
SECTION OPEN SYMBOLS REPRESENT INTENDED

35 COMPOSITIONS OR ANALYSES OF AS
/\/\/\A/ \/\7\ EXTRUDED SAMPLES.
. CLOSED SYMBOLS REPRESENT

ANALYSES OF HEAT TREATED SAMPLES.

AT

‘
—--'
g
-——'

ALPHA + MGWAle 7 /I MG :\L
177712
/ \/ L L aL
50

WATC TR 52-li1

20 25 30 35 40 35
WEIGHT PERCENT ALUMINUM —>

FIGURE ¢

APPROXIMATE LOCATIONS OF PHASE BOUNDARIES IN THE MAGNESIUM CORNER
OF THE MAGNESIUM-LITHIUM-ALUMINUM SYSTEM AT 700°F. THE IDENTIFI-
CATION OF THE PHASES DESIGNATED AL LI AND MG,AL,, IS CONSIDERED
TENTATIVE.

w3



magnesiun-11thiun-alusinum alloys ie the Russian work of Shamrai(2),
In order to compare more direoctly with the present work, Shamrai's
7520F (400°C) section was replotted in terms of weight percqntage

of elements and the results are shown in Fig. 7. 8Since the des-
eriptive portion of the Russian work was not available for transe-
lation into English the intended sccuracy of the results 1s not
known and the exact significance of the broken-line phase boun-
daries is unknown. The legend of the phase identification, using
Roman numerals as given by Shamral, was derived from consideration
of the positions of phases.

In compsaring the results pregented in Fige. 6 and 7, it
is emphasized that the present work g ponsidered tentative. In
addition, the 52°F temperature difference in sections plotted ‘
should be noted, Up to this time, our experlimental work hae not ‘
recognized the phases designated by Shamral as AlLi, and MgAloLl.
As noted in the x-ray diffraction gection of this report a study
is in progress to establish a means for identifying these and
other phases possibly encountered in the system. A significant
difference between the two plots 1sg in the extent of the beta
and alpha plus beta phase flelde. Posslibly a portion of thie
difference could be attributed to the difference in temperature
of the respective gections through the ternary systems. A more
gpecific comparison 1s not considered Justified on the baegis of
the information at hand.

An examinstion of alloys for fne 500°F gection ie in

progress. New compositions have been selected for preparation
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LEGEND

NUMERA PHASE
¥ MG AL,

40 X ALPMHA

752 °F A4 BETA

SECTION i AL Li,
VAVAVAVAVAVAVAY x o L
FAVAVAVAVAVAVAVAVA \

NN NNSANNN
& AVAVAVAVAV 7ANAVAVA
Y AVAVAVAYAVA /2% S \VAN
S AVAVAVAVA 'l AVAVAVAVA
JAVAYAVAVAVAYAN
LN N NN NN A AA
AVAVAVAVAVAV/IA VAVAVAVAVAVA
’ _ AN AVAVAVAVA
AA RANAVIVAVAVAYAVAVAY
AN eV VAVAVA
\VAVAVA VAVAVAVAVAVAVAVA
VAVAVAVAVAVAVAV

5 10 15 20 25 40 50
WEIGHT PERGENT MINUM —
FIGURE ?

LOCATIONS OF PHASE BOUNDARIES IN THE MAGNESIUM CORNER OF THE
MAGNESIUM - LITHIUM-ALUMINUM SYSTEM AT 752°F (400°C) AS REPLOTTED
FROM SHAMRAI'S TERNARY DIAGRAM?! THE LEGEND GIVES SHAMRAI'S
PHASE NOMENCLATURE .
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and evaluation on the basis of the microscoplc evidence at 700°F,
These compositions have been chosen to asslet locating the boun-
daries between the following phase fields:
beta and beta plus AlLl
slpha and elphe plus Mgy7Al;o
alpha plus Mg17A112 and alpha plus AlLi plue Mgl7A112
slpha plus AlL1 and slpha plus ALLA plus MgyoAlj,.
In addition, compositions have been selected to extend the study

to higher lithium and aluminum concentrations.
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Phase Boundarles in the Msgnegium-Lithium-Zinc System

The microscopic examination of alloys in this system
was conducted 1ln a manner sim?lar to the examination of magneslium-
lithium-gluminum slloys and simultasneously with that evaluation.
The microstructures of ternary alloys in thig system exsmined up
to thls time contained one or more of three phases - alphas, beta
and an intermedlate phase belleved to be MgLiZn, The identity of
this Intermedlate phase 1s congldered tentative, swalting the com-
pletion of an x-ray diffraction study of intermediate phases for
verificatlon. The phose MgZn wag observed in a blnary magnesium-
6 zinc alloy but 1ts presence was not recognized in the ternary
alloys studied up to this time. A summary of the results of micro-
scoplc determination of phases present in 48 alloys at the 709°F
temperature level 1s given in Table V. Tentative locations of
phase boundaries for the magneslum corner of thls system at 700°F
are shown in Fig, 8.

As noted for the magnesium-lithilum-aluminum syastem, the
phase boundary locations in Fig. 8 are considered tentative. None
of the alloys in this system prepared and examined at this stage
of the study revealed a sufficient amount of the phase MgZn to ald
in establishing a metallographic identification procedure.

Microscoplo examination of alloys for the 500°F gection
was gstarted but the results obtained were considered too limited
for reporting at this time.

Ag can be seen from Table V some of the alloys in the

as-extruded condition revealed a significant extent of an inter-
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TABLE V

SUMMARY OF MAGNESIUM-LITHIUM-ZINC ALLOY INTENDED
COMPOSITIONS, CHEMICAL ANALYSES AND MICROSTRUCTURAL
EVIDENCE OF PHASES PRESENT AT 700°F

' Phages Present
Intended Condition and

Composition Héat Estimation of
and (Chemical Treatment Relative Amounts
Extrusion Angl yases As Fime Temp. Percent
Alloy _Charge 1 L1 2n Ext'd, (Hr) (°F) Alpha Beta Other
L‘-78 211 - b 2.0 AoEo - hnd 100 - -
29 700 100 - -
L-79 212 - - k,0 A.E. - - 100 - -
29 700 100 - -
L-BO 213 - - 6. 0 A.EO - hand 90 bt 10 Han
29 700 100 - -
1L-81 214 99 1.0 2.0 AL.E. - - 100 - -
29 700 100 - -

29 700 100 - -

L"83 216 99 009 600 AOEO - - 100 - A
29 700 100 - -

L"Bh‘ 218 30 3.2 2.0 A.EO - - 100 Lnd -
2k 700 100 - -
72 700 100 - -

L-85 219 30 3.1 4.0 A;E.

- - 100 - -
24k 700 100 - -
72 700 100 - -
L-119 2h9 30 3,0 8,0 AE, - - 70 - 30 MgZn or
11Zn®
(2.5)(8.5) - 2k 700 100 - - Mg
L-16k4 292 30 3.0 8,0 AE., - = 90 - 10 Mgliz
(2.5)(7.8) - 24 700 90 - 10 MgLizz
L-116 2l6 30 9 10,0 A.E. - - 50 - 0 Mgz
(2 3)(10 0) - 2h 700 85 - 12 Me%tgdb

a. Notes at end of table.

WADC TR 52-4 4g



Extrusion
Alloy _Charge
L-117 247
1-118 248
L-k8 182
L-b9 183
L-50 184
L-42 179
L-l5 180
L-46 181
L-111 245
L-112 250
L-113 267
L-114 251
L-33 17k

WADC TR 5o-41

TABLE V, Centtd

Phogea Present

and

Estimation of

Trestment Relative Amounts
Percent

Alpha Beta Other

Intended Condition
Composition Heat
and (Chemical

Anslyses As Time Temp.

Mg/ti Li 2Zn Ext'd. (Hr) (°F

30 2.7 15.0 A.E. - -
(2.2)(15.0) - 24 700
30 2.6 20,0 A.E. - -
(2.1)(21.9) - 24 700

17 58 2,0 AE. - =~
(k.7)(1.6) - 29 700

17 5,6 4,0 AE. - -
‘ 24 700
72 700

17 5.5 6,0 AJE. - -
(5.0)(5.6) - 24 700
72 700

15 6.1 2.0 - - -
(5.32)(2.04)A.E. 24 700
72 700

15 600 ’4'.0 A.E. - -—
(5:5)(3.6) - 24 700

15 59 6,0 A.E. - -
2L 700

15 5.8 800 A.E- - -

15 506 1000 A-E. - ’—
(4.8)(9.2) - 2k 700

15 5.3 15.0 - - -
(b.6)(1b.7) - 24 700

15 5,0 20,00 AE. - =

10 8.9 2.0 A.E - -
24 700

L

60
80

50
60

100
100

80
80
80

85

85

80
80
80

85
85

75
75

85

80
85

55

50
70

Lo
Lo

Lo MgZn or
MgliZnt
20 MgLiZn

50 MgLiZn
ko MgLiZn

o e g

g

P i

5 MgliZn

20 MgLiZn

15 MgLiZn

50 MgLiZn
30 MgLiZn




L-161

L-162

L-109

L-163

L~37

L-38

L-40

L-158

L-159

TABLE V, Cont'd

Intended
Composition
and (Chemical
Extrusion Anslyses)
Cherge Mg/T1 L1 Zn
173 10 8.7 4.0
172 10 8.5 6.0
237
171 10 8.4 8.0
166 (8.2)(7.96)
289 10 8,210.0
(7.4)(10.5)
290 10 8.0 12.0
(7.0)(12.1)
244 10 7.8 15,0
(16.1) -
(15.8)(18.2)
291 10 7.3 20.0
170 8 10.9 2.0
(10.9)(2.03)
(10.2) -
169 8 10.7 4.0
(10,65) -
(909 -
167 8 10.2 8.0
(8.7) -
293 8 9.8 12.0
(11.7)
(8.4)(12.8)
294 8 9.5 15,0
(9.6)(11. 2)
50
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Phagea Pregent

Condition and
Hest Estimation of
Treatment Relative Amounts
Asg Time Temp. Percent
Ext'd. (Hr) (°F§ Alphs Beta Other
A.E. - - 30 70 -
24 700 30 70 -
A.El et - L’S 55 -
29 700 Lo 60 -
A.E. - - 30 65 5 MgLiZn
29 700 30 70 -
AQE. - - ’40 60 -
- 24 700 ko 60 -
AE. - - Ls b5 10 MgLiZn
- 2L 700 39 60 5 MgLiZn
AE. - - - 18 80 ppt. +
5 MgL17n®
- 2k 700 - 35 65 ppt.C
24 700 - 60 40 ppt.©
A.E. - - 35 35 30 MgLiZn
24k 700 35 Lks 20 MgLiZn
A.E, - - - 100 -
- 29 700 - 100 -
A.E. - haad 100 :
- 24 700 - 100 -
A.E. - - 90 - 10 MgLizn
- 29 700 100 - -
A.E. - - 10 85 5 MgLiZn
- 24k 700 10 90 -
A.E. - - - 90 10 MgLiZn
- 24y 700 - 100 -



Extrusion
Alloy _Charge
L-160 288
L-96 238
L-97 239
L-98. 240
L-99 241.
L-100 242
L-102 243
L-87 220
L-88 221
1-89 222
L-90 223

TABLE V, Cont!'a

Intended

8

~3

Composition
and (Chemical’

e
L

8.9 20,0
(7.0)(20.0)
12.3 2.0

(10.5)(1.8)
12.0 4.0
(1009) -
11.7 6.0
11.5 8.0
(9.6)(7.4)

11.2 10.0
(9.8)(9.0)

10.0 20.0
(6.0)(20.%)
14,0 2.2
12.9 10.0
12.2 15.0

11.4 20,0

(9.9)(20.2)

Condition

Heat

Time Temp
Eepta, (He) (oB) X

A.E.

-

A.E.

A.E.

A.E.

A‘E.

A.E.

A.EC

A.E.

A.E.

A.E.

A.E.

24

24

gl

2h

700
700
;00
;OO
700
700

Phases Present

and

Egtimation of
Treatment Relative Amounts

Percent

Alpha Beta Other

3

70
85

100
100

100
100

Q0
100

90
100

80
100

20
ks

100

100

100
100

100
100

99
80

90

a. Secondary phase finely divided and not clearly resolved.

b. Specimen showed evidence of grain boundary and eutectic melting.

6. Specimen contained a precipitate similar to that shown in Fig. 1ll.
The precipitate was found only at graln boundaries, and was belleved
to have formed during quenching from the heat treating temperature

(or during coolil
extruded specimen).
d. Third phase may have been present,
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20
10
12

30
10

10
10
10

MgLiZn,

ppt.C
MgLiZn

MgLiZn
MgLiZn
MgLiZn

MgLizZn
MgLiZn

MgLiZn
MgLi

ppt. &
MglLizZn

from the temperature of extrusion in the as-

n



LEGEND

SYMBOL MEANING

O SINGLE PHASE ALLOY
FaN TWO PHASE ALLOY
0 THREE PHASE ALLOY

OPEN SYMBOLS REPRESENT INTENDED

COMPOSITIONS OR ANALYSES OF AS
A EXTRUDED SAMPLES.

AVAVAV,
LI, LS
VAVAVAVAVANAVAVA'

~/
A
DYAVAVAVAVAVA
é‘;/ 25,
& /\/
.
g
20

NN N/
A“AVAVAV # #VVVVV
9 AWAA' ‘ BETA+ MG LI ZN

e AVAY,
ALPHA+ BETA v
ALPHA+BETA + .MGLIZN
\ ™ ____L L_ —
o/ 9 ib ALPHA + MG LI ZN
ALPHA ‘v /\/\/\/\
O O/0

5 10 15

N
L
&

35 20 a5 50 ZN
WEIGHT PERGENT ZING — "

FIGURES

APPROXIMATE LOCATIONS OF PHASE BOUNDARIES IN THE MAGNESIUM CORNER
OF THE MAGNESIUM-LITHIUM~-ZINC SYSTEM AT 700°F. THE IDENTIFICATION
OF THE PHASE DESIGNATED MG LIZN IS CONSIDERED TENTATIVE.
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medlate phase believed to be MgLiZn. After heat treatment of these
alloys at 700°F, the phase had disappeared. Thls condition is 1il-
lustrated in Figs. 9 and 10 for alloy L-#0. In the as-extruded
condition, Fig. 9, spproximately 10% of an intermediste phase,
orobably MgLiZn, was present. After 24 hours at 700°F, Fig. 10,

no distinct evidence of this phase Wags detected and the structure
appeared to be a complete beta eolld solution. The approximate
order of grain growth in 24 hours at 700°F for the single phase
beta alloys is also 1llustrated in Fig. 10.

A feathery grain boundery precipitation wae observed
in three sglloys examined; These alloys contalned the order of
20% zinc eand had the following chemical anslyses:

L-90 magneslum-9,9 lithium-2C.2 zlnec
L-109 magnesium-15.8 1ithium-18.2 zinc
L-160 megnesium-7.0 1ithium-20,0 zinc

In the as—extruded condition alloy L-90 was found to be
practically a complete beta solid solution with less than 5% of
sn intermediate phase, considered to be MglLiZn. No digtinct evi-
dence of a preclipitation from eolid solution was observed. After
heat treating the alloy 24 hours at 700°F snd quenching in kero-
gene it was egtimated that the structure contsined 80% beta 10%
MgLiZn and 10% of & grain boundary precipitate. Thls condition
1g 1llustrated in Fig. 11. A duplicate specimen was hest treated
and quenched using the game conditions. Microscopic examinstion
indicated that the structure was 90% beta and 10% MgLiZn phases,

with no distinct evidence of grain boundary preclpitation. It ise
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Figure 9

Neg: 237 Mag: 500X
Spec: M722 Etch: Picral-
Acetic, 5 sec,

Longitudinal section of as-
extruded alloy L-40 (charge 167,
magnesium~10,2 lithium-8 zine).
The structure was estimated to be
90% beta phase and 10% intermedi~
ate phase (believed to be MgliZzn)
located within grains and along
grain boundaries as discrete par-
ticles.

Figure 10

Neg: 238 Mag: 500X
Spec: M78L Ftch: Picral-
Acetic, 5 sec,

Longitudinal section from ex-
truded alloy I-40 after heat
treating 24 hours at 700°F in a
helium atmosphere in an aluminum
container and cuenched in kero-
sene, The structure was essen-
tially 2 complete beta solid
solution, Note the grain coarsen-
ing. '

Figure 1l

Neg: 241 Mag: 2000X
Spec: M718 Etch: Salieylie
5 sec,

Longitudinal section from ew-
truded alloy 1~90 (charge 223,.
magnesium-11,4% lithium-209 zine)
after heat treating 24 hours at
T00°F in a helium atmosprhere in
an aluminum eontainer and ~uenched
in kerosene, The structure was
estimated to be 109 primary MeliZn
and 107 of » nrecinitate nhase(be-
lieved to be '¢1iZn) in a beta
matrix,



believed that the original sample of L-G0 wae quenched too slowly
| to retain the solid solutlon structure.

Alloy L-160 in the as-extruded condition was estimsted
to contain 70% beta, 20% MglLiZn and 10% of a grain boundary pre-
cipitation. After heating the_microstructure was estimated to be
approximately 5% alpha, 85% beta snd 10% MgLiZn with no evidence
of grain boundary precipitation. In the as-extruded condition,
elloy L-109 had a microstructure of 18% beta, less than 5% MgLiZn
snd approximately 80% feathery grain boundary precipitaté. Heat
treatment at 700°F and quenching in kerosene produced a mlcro-
structure of 35% beta snd 65% of the precipitated condition. The
heat treatment at 700°F was repested and the ssmple was quenched
as rapildly as possible in cold kerosene. Examination indicated
that the extent of the precipitated condition was reduced to ap-
proximately 40% of the structure and the remainder was beta phase.
These obgervations indicated that alloy L-109 was a beta solid
golution at 700°F but thet quenching in cold kerosene dld not pre-
‘vent precipitation. Work wes continued to develop a method for
more razpid quenching in sn effort to substantiate this indication.

Alloys L-37 and L-38 were reported previously to con-
toin small percentages of the glpha phase after heat treatment at
700°F, Upon re-examination of these alloye it was found that the
elloys were completely beta solld solution. Thls difference in
obaservation was due to a misinterpretation of the etched micro-
sfructure.' In the original examination,'standard acetlic plcral

(see Appendix IV) was used. This solution produced a heavy, light
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to dark brown steiln on the setructure. Discontlinuities in the
film, particularly =slong grain boundaries, revezled a light colored
phace, originally belleved %o be alpha phase. Repeated examination
of these two and other alloys with s variety of etchants lndlcated
that the alpha phase was not present.

The examinstlon of slloye for the 500°F gection in this
system 1g¢ in progreegs. New compoeltiong have been eelected and
are belng prepsred for evalustion 2t 700°F zand 500°F, The necd
for a more thorough study in the general region of 0-10% lithium
and 7,5-20, zinc was indlicated by the resulte of the metallogrsphic
survey at 700°F. This reglon 1s belleved to contain =211 phaee
flelds of interest in thie system,

Status of Metsllographic Study and Plans for Future Work

The initisl results of microscopic examinstion at 700°F
in both systems under investigetion have indiceted the need for
additional study for more precise locetion of phase boundaries
st thils temperature. New comvositione have been gelected and are
belng prepesred for evaluation.

The microascoplic examination of specimene for the 500°F
gection 1g in progress. Thie work will be completed before start-
ing the study of additional cections in the ternary syetems. The
new gectlones tentatively selected are 150°F, 200°F ond 300°F,

A correlation between the x-rsy diffrsction identificae-
tlon of intermediate phases in the two systems and the identifica-
tlon of phoses in the microstructure ig in progress. Until thie

work 1s completed the 1dentity of intermedlete phases in the two
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systems must be consldered tentative,
| Although the method of seallng specimens within glass
tubing in a hellum atmosphere was effective in sample protection
during heét treatment, efforts will be continued to apply the
eluminum contalner method for routine hest treatment. This 18
coneldered advigable to accelerate the hest treatment program.
The investigation of a procedure of cereful abrading
snd cleaning the entire surface of specimens prior to heat trest-
ment 1s planned to determine 1ts effect on the oceurrence of the
general condition of surfsce attack of gpecimens during the ‘heat

treatment,

JADC TR 52-41 51



ELECTRICAL RESISTIVITY STUDY OF MAGNESIUN-LITHIUM
BASE TERNARY ALLOYS

Purpose of the Eaunipment
Equipment was designed, constructed and assembled to

adapt the technique of eleefrical reglstivity determinations for
establishing phase boundaries in magnesium-lithlum base ternary
alloys. Since the apparatus was designed to nakeytno determina-
tions at an elevated temperature of interest, it was anticipated .
that the method would be of considerable additional help in pre-
dicting the length of time required to reach equilibriua for
apeciﬁens quenched for mioroscopic study. Thle equilibrium con-
dition would be recognized when resistsnce values became constant
at a given temperature,
Development of Equipment
The initiel design, construction and testing of the elec-
trical resistivity apparatus was described in the Summary Report
AF—Tnpglzh(l). The egsential components of the equipment were:
1. Eleotrieal resistance furnace and temperature control
circult for heating speclmens.
2, Specimen container, a massive blook of commercially pure
aluminum to totally enclose specimens. This container
vos intended to serve the dual function of retalning a
protective atmosphere around specimens and for mini-
mizing temperature fluctuations.
3. Specimen mounting bleck and speclimen holders snclosed

in the container, with provision for mounting six speci-
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5.

mene at one time,
A direot current eircult for establishing and maintain-
ing a constant value of current through the specimens.

A potentiometric circult for measuring the lndividual

‘potentisl drops aeross a 2 in, length of speoimen and

across a reference standard resistance of 0,001 ohms,

Preliminsry operation of the assembled apparatus indi-

cated that all parts performed satisfactorily except the specl-

men container. During operation, the rate of loas of thé protec-

tive atmosphere from the contalner was consldered excessive. The

entlre design of the equipment was re-considered and the following

modifications were incorporated in a new assembly?

1.

3.

A new gpecimen container cover was made to provide for
the removal of all electrical circult wiring and entry
of & protective atmosphere through a single tube.

The specimen contalner was fitted with § new sealing |
rim to eccomodate the new contalner cover and to pro-
vide elght gstalnless steel studs for sealing.

A copper-agbestos sandwich-type gasket was gelected as
the most appropriaste means of providing an effective
seal for the gpecimen container cover.

A new system of hermetic seals was constructed for all
electrical connections. The electricsl connections were
led through a steel plpe to a position sufficiently re-
moved from the contalner cover to permit the use of

soldered wire terminals,
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5. Specimen holders were re—designed to provide greater
eane of insgerting and removing specimensg and sn im-
proved gystem of current snd potentisl connectlons,
Detalls of construction of these modifications are dis-

cussed in Appendix V., A photograph of the modified container,
container cover, electrical terminal head assembly and specimen
mounting system is shown in Fig, 12, The entire aspparatus for
electrical resistivity determinations 1sg 1llustrasted in Fig. 13.

Preliminary Operation of Egulpment

The ssgembled electrical resistivity apparatus was
operated under a number of different conditions of proteotive
atmospheres in an effort to establiah a procedure for consistently
satisfactory performance,

The first trial rune of the unilt were made under condi-
tions of & positive pressure of helium being maintained during the
teat perlod. The tank hellum was firet passed through a purifica-
tlon traln before entering the specimen container. The train con-
elsted of (1) a mercury seal safety valve on the input end of the
train leading from the tank pressure regulator, (2) a Milligan
bottle containing concentrated sulfurie acid, (3) a tube furnace
containing calcium chips at 1200°F, (4) a second tube furnace
containing 1ithium foil at 320°F amd, (5) a mercury menometer to
measure preseure at the container input. It was belleved that
thls system would eliminste any harmful amouhts of 0 or H20 in
the gas.

Semples of 1/8 in. diameter extruded magnesium-lithium-
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Figure 12

Yodified specimen container, container cover, electrical terminal
head assembly and specimen mounting system for electrical resistivity
apparatus,
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Fipgure 13

Apparatus for the electrical resistivity determination of phase
boundaries in magnesium~lithium base ternary alloys. '
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aluminum ternary slloys were selected and placed in the container,
The specimen ends were “lled bright to provide good contact and the
circult operation was checked before final assembly. Container
gaskets were cut from 1/8 in. Durabla(a) sheet, a commercisl as-
bestos graphite gasket material. Furnace temperature was controlled
with a Tagliabue photo-electric controller and a thermocouple in

the furnace windings. Internal contalner temperature was measured
with a Brown Potentliometer asnd a thermocouple placed inslde the
contalner adjacent to the mounted specimens.

Before starting a run, the container was pumped down
with a Cenco 'hyvao' pump and thoroughly flushed with geveral
cuble feet of hellum. The final getting left a positive presasure
of 3 1b. ingide the contalner,

As an added precaution, a "getter' layer of highly r;-
active magnesium-lithium alloy chips was placed in the bottom of
the unit adjacent to the gas inlet pipe and covered with an as-
bestos paper digk.

The following conditions were obgerved during the
initial runs:

1. In each case, specimens developed a friable "gurface’
layer which interrupted electrical contact before the
desired temperature of 700°F was attained.

2. The "getter® material was completely consumed.

3. Thermal expansion loosened contacts slighfly.

b, An acrid and heavy white vapor was given off when the

(a) Obtained from Troy Belting & Supply, Troy, N.Y.
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unit was flushed during operatlon.

The corrosion conditions may have been due to seveﬁal
poselble causes and it was difficult to slngle out the more im-
portant. It .was believed, however, that certain organic binders
used in the insulation and gasket materisle may have been partic-
ularly harmful. On that precept, a "decontsmination® run wae then
undertsken in which the unit was operated without apeolimens at
700°F for 3 days, and flushed thoroughly with helium several times
each day. A considerable amount of volatlle material was driven
off és seen by the character of the vapors flushed out. During
this operation, the brass fittings and copper in the unit developed
a dark film, but the "Varglas" insulstion and bonded mica were
clean and bright.

Operation of the unit with specimens in place was re-
sumed, using the same technlque ae before. In addition, eluminum
foll was placed over each glde of the gasket material to prevent
direct contact with the specimen container. Each time, however,
the specimens became badly corroded with a friable surface coating
end electrical contact was broken before the temperature reached
the degired 700°F, Operation of the equipment below approximately
500°F appeared satisfactory with no evidence of a significant de-
gree of apeclmen gurface attack or opening of the electrical cire
culte.

An x-ray diffraction asnalysis of the rriable,'whlte
powder on the specimen surfacee was made, The material was scraped

from the surface of seversl specimens and a sufficient amcuht was
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gathered to prepare a specimen for an x-ray diffraction pattern.
Anslysis of the pattern revealed that the powdered surface coating
wae essentially magnesium oxlde. The basig for this determinatlon
was the Hanawalt technique(l). As a check, a pattern of high-
purity mesgnesium oxide was prepared. The two patterns were lden-
tical for all practlcsl purposes. These obgervations led to the
bellief that unidentified impurities in the tank hellium were re- |
spongible for the condition. Provieien was made to pass the tank
helium through activated charcoal at the temperature of 11qu1d
nitrogen and to use an atmosphere tranemlesion system éomposed en-
tirely of eopper tubing.

The completed purifying train consisted of a cylindrical
copper trap, fillled with sugar charcoal, C.P., and héving an inlet
and outlet pipe of 3/16 in. copper tubing. The inlet extended to
the bottom of the trap to ineure thoreough contact of gas and char-
coel, The gize of the trap was such that it could be'completely
suspended in a 2 liter, narrow neck Dewar flask filled with liguid
nitrogen. The gae was introduced directly into the trap from the
regulator' and out of the trsp into the specimen container.

Several trlal runs were made, uging the same preparation
and flushing technique as in previous runs. The ¥Durabla® gasket
material was uged and the unit was held undér a poslitive pressure
of the trap purified helium. The liquid nitrogen trap operated
satisfactorily in that low temperstures could be maintained for
sufficlently long times. On each occasion, however; the resgis--

tivity measurement was unsuccessful becaunse specimen corrosion at
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operative temperatures above 500°F,
Inquiry revealed that the tank helium used was a double

charcoal refined welding grade with a guarsnteed purity of 99,99%
helium., A typlical analysis indicated that the major lmpurity was
0.002% nitrogen and that carbon dloxide, srgon and methane were
present in much lower concentrations. Asg a result of thie infor-
mation it wasg congidered unlikely that the use of a charcoal-
1iquid nitrogen trap for the tank hellum prior to entry into the
specimen contalner would improve the purity of the ges and ex-
pefimental-work on thls treatment of the hellum was abandoned.
Investigation of Conditiong of Protectlve Atmogphere

| An auxiliary investigstion was made to obtaln informa-
tion on the relative effectiveness of a number of atmosphere coh- A
ditione for magnesium-lithium base alloys. In thie work tank
helium (99.99% helium) and tenk argon (99.85% argon) were used.
A tube furnace was fitted with a cleaned Pyrex tube, 5/8 in.
diameter; one end was equipped with a removable plug (and bleed
outlet) and the opposite end was connected to the gas cylinder
with clean glags tubing. Temperature was controlled by a thermo-
couple secured 1n contact with the wall of the Pyrex tube. Speci-
mens contalning a high concentration of lithium were selected from
the magnesgium-lithium~sluminum system and Were placed in the cen-
ter of the Pyrex tube length near the position of the control
Thermocouple. In all cases, the entire system was flushed with
the gas used prior to inserting the specimen. The flushing was

continued seversl minutes after loading the specimen. Both helium
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and argon afmoepneres were used under statlc positive presgsure
end steady flow condltions.

The results of this study produced the following ob-
servations: |

1. Tank argon (99.85% argon) did not provide sdequate pro-

B tection with elther gtatlic or flow conditlone.

2. Tank helium (99.99% helium) was effective under steady
flow but not under statlc pressure conditions. The low
steady flow of gas may have carried away all contamins-
ting agents as they were evolved and thereby maintained
en atmosphere of higher purlty than obtalned under statlc
conditions. Only an almost tfansparent graylsh film
formed on a specimen under a steady trieklp-rlow of
helium for 48 hours. It was belleved that the extent
of this film would not cause difficulty in the electrical
reslgtivity equipment operation.

3. Superior surface conditions were obtained by bright pol-
1shing before testing of extruded samples. This improve-
ment may be related to the remova1 of the as-extruded
surface and 1ts attendant condition of foreign matérial
absorbed on the surface or mechanically entrained along
longitudinal dle lines.

A metellographic examinatlon of specimens exhibiting the best sur-
face protection revealed no significant depletion of lithium in

the surface zones.
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Invegtigation of Specimen P-otection with Burface Coatings

Mellor (3) reported encoursging success with the use of
a proprietary mixture called Y"Keepbryte" for surface protection of
magnesium-ziroonium slloys. In communication with Mr, Mellor, it
was learned that "Keepbryte" 1s essentially boric acid with a small
amount of ferric oxlde and that the mixture had begen used to pro-
vide good proteqtion for s magnesium-12 lithium-l.7 cerium alloy
during solution treatment for 24 hours at 946°F,

On this informaetion, a series of tests were undertaken
to study the behavior of this materlal as a meens of protecting
magnesium-lithium bage ternary alloys during extended heat treatment
at elevated temperstures.

A ground mixture of 97% boric acid and 3% ferric oxide
Was prepared and placed in a Monel boat. 1/8 in., wire specimens
of several alloys with high-lithium content were embedded in the
powder and glven a 700°F heat treatment. After 24 hours the gpeci-
mens were removed and examined. Surface attack of the apecimens
was not pronounced and the stencll identification of the specimens
was stlll readable. With these encouraging results, further trials
were made with the following results!

1. A 1/32 in. layer of the boric acid-ferric oxide mixture
affords sdequate surface protection to specimens if it
is dietributed uniformly and remains unbroken.
2., The surface coating remains highly viecous at the ele-
vated temperature but becomee brittle and glassy at room

temperature,
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3. Rapid heating results in severe bubbling'and breaking

of the protective film, ‘

Although speeimen protection with the boric acid-ferric
oxide coating was demonstrated, application of the treatment to
the present form of the electrioal résistivity apparatus was not
considered feasible. However, it is believed that this method of
protection could be spplied to a technique for determining elec-
trical resistivity measurements either by direct measurement at
the temperature of interest or at room temperature on quénehed
specimens. .

Statue of Development and Plang for Future Operatien

The most recent observations with the unit have been made
with a continuously flowlng helium protective atmosphere. The re-
sult was highly encouraging in that the unlt was made to operate
for a perlod of 7 days with a gradual temperature rige to 712°F
before circuit interruption. For this recent work, copper-sand-
wich type gaskets were used for sealing the contsiner. Although
they were not as pregsure-tight as the Durabla gasket materisal,
there was less danger of contaminstion from eolgenfs and binders,

It has also been found that the high-temperature |
strength of the aluminum cylinder was not all that was desired and
the problem of studs working out of the cylinder has arisen., This
can be overcome temporerily by redrilling and tapping deeper into
the wall. |

Experimental work 1is in progress for continued operation

of the unlt at temperatures as near 700°F ag can be obtained with
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continuous flow of protective atmosphere. The most effective
rate of flow of helium will be determined. It is believed that
the equipment will be useful in supplementing the observations of
microscopic and x-ray diffraction informstion for determination

of phase boundarles,
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X-RAY DIFFRACTION STUDIES OF MAGNESIUM-LITHIUM
BASE TERNARY ALLOYS

X-Roy Diffraction at Elevated Temperatureg

The design, construction and initial operation of an
spparatus for elevated temperature x-ray dirtraction was described
in the last Summary Report(l). The intended use for this equip-
ment in the phase boundary study was to provide a means of identi-
fying the phases present at elevated temperatures and to supplement
the microscopic examination method in locating phase boundaries.

A large number of elevated temperature diffraction pat-
terns for s variety of magnesium-lithium-asluminum and megnesium-
lithium-zinc alloys were made in the course of investigating the
epplicability of the method. Two major difficulties ehcountered
in this work were (a) protection of small (nominally 0.5 mm. diame-
ter) powder specimers from reacting with the atmoephere during ele-
vated temperature diffraction and (b) progressive loss of lithium
from the surface of specimens during diffraction. These conditions
were not serious for alloys contalning lower concentrations of
1ithium (the order of 5% or less) and at temperatures below .approxi-
mately 500°F; The more serious charscter of these difficulties
with lncreased lithlum concentrations and temperatures produced sn
uncertainty in the elevated temperature difrfaction results. The
progress made in x-ray diffraction program is described. in the

following sections.
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Protective Atmosphere During Diffraction

Commercial purity tank argon (99.8% argon) wae used as
a protective atmosphere for experimental alloys in the x-ray dif-
fraction work described in the last Summary Report(l). On the
basle of a congiderable amount of evidence, 1t was concluded that
this gas contalned a sufficient amount of impurities to produce
surfsce attack on specimens at 700°F, Thig attack was more exten-
sive the higher the lithium concentration of the alloy.

An investigation was made to determine the effectiveneas
of commercial purity tank helium (welding grade double charceal
refined), 99.99% helium, in preventing specimen attack during 4if-
fraction. Specimens of beta phase slloye, L-21 (magnesium-11.85
lithium) for example, wsre vigibly attacked to a slgnificent de-
gree during the diffraction cycle when malntaining a constant flow
of aréon through the unit. The use of helium under the same opera-
ting conditlions provided excellent protection of L-21 alloy up to
700°F, The use of the helium at higher temperatures was not in-
vestigated.

In sdditional work using hellium gas, the diffrsction
camera seal was sufficlently effective to permit turning off the
hellum after an initial flushing period. The protection achieved
by thls procedure was only slightly less than obtained when & posi-
tive flow of helium was malntained throughout the entire specimen
heating and diffraction cycle. On the basis of these obgervations
1t was believed that hellum provided a grester degree of specimen

protection than argon and i1te use was adopted se #tandard practice.
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Coeffiolents of Thermal Expanslon of Experimental Alloye
An invesgtigation was started to obtaln coefficients of

thermal expansion of the experimental alloys. The purpose of this
work waes to provide an 1solation of the lattice parameter versus
composition effect from the lattice parameter thermsl expansion
versus temperature effect,

Lattice parameter data for four different magneslium-
lithium-aluminum single phase glpha g0llid solution alloys were
plotted as a functlion of specimen temperature to show the thermal
expansion chsracteristics of the close-packed hexagonal elpha struc-
ture. The valuee were plotted from room temperature up to 600°F

for the alloys listed in Table VI,

TABLE VI
IDENTIFICATION OF ALLOYS FOR PFRELIMINARY THERMAL
EXPANSION STUDY

Alloy No, Extrusion No, ﬁgf%f%gﬁ} ﬂi}gﬁt percgzi
L-51 185 (90.34) 7.64 2,02
L-55 190 (93.0) 5.1 1.87
L-56 191 (91.43) k.70 3.87
L-57 | 196 (90.30)  3.56 6.1

(a) Magneesium analysie by difference.

The stralght line curves obtained were in close agreement

in slope for the different alloys, with a greater slope for the Co
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values than for the ag velues. Thie indicates somewhat more rapld
expansion of the hexagonal alpha phase in the axial direction than
in the bassl direction (Perpendiculsr to the hexagonal axls).

The average values of the coefflclents of thermal eXpan-
slon celeculsted from the slopes of these curves are as follows:

For c, values = 23.2 x 10~° per °F,

For ao Vvalues = 18.1 x 10-% per °F,
These may be compared with the average handbook values for the pure
elements 2%t room temperature as follows:

14 x 10~° per °F.

For magnesium

For lithium 31 x 10~6 per °F,

i

" For aluminum = 13.3 x 10~6 per °F,
The average values are presented only as an indication of the ap-
proximate linear thermsl expansion 1n the range from 75°F to 600°F
for several slloys differing in cdmposition but similar in struc-
ture and in their thermal expansion characteristics.

A tentative value of 24,1 x 10~° per °F was obtained for
the coefficlent of expansion of the body-centered cublc beta phase
for the binasry slloy L-=21, contsining 11.85% lithium belance mag-
neeium, in the range from 75°F to 500°F.

Additional Experience with Elevated Temperature Diffrsction

More lsttice parameters were obtalned from the x-rey dif-
fraction data and it was planned to anslyze the velues more com-
pletely to determine the specific effects of composition and phase
gtructure on the coefficients of thermal expsnsion for the varlous

alloys. As the study progressed 1t was found that there was a

WADC TR 52-li1 T4




general lack of reprbducibility of lattice parameters determined
on the gsme alloy several months apart. The lattlce parameters of
two single phase slpha structures, for example, 1llustrete this
observations. These alloye Were:!

L-55 magnesium-5.1 1llthium-1.87 sluminum

L-56 magnesium-U4.7 lithium-3.87 aluminum.

All patterns for alloy L-55 were prepared in a commerciel argon
atmosphere from room temperaturé to 600°F, The room temperature
and 300°F patterns of L-56 were prepered in a commercisl argon at-
mosphere, whereas patterng at 500°F and 700°F were made in a com-
mercial helium atmosphefe. It was belleved that the discrepsncy
in results may have been due to a lossg of 1ithium from the metal
during storage, specimen preparation or diffraction periods, In
addition, the results of a combilnation of microscopic and diffrac-
tlon evidence for several alloys indicated the poeslbility for a
complete miginterpretation of the representative structure by x-
ray diffraction where s loss 6r lithium from the surface of speci-
mens wag not prevented;

Due to the evidence that loss of lithium occurred from
the x-ray specimen st elevated temperatures, it was believed that
8 thorough inveetigation should be made of the degree of the loss
and methods of its prevention before results from the x-ray difr-
fraction technique could be trusted to locate phase boundaries,
Tnereforg, in order to devote more time to the microscoplc examina-
tion method for location phase boundarles, experimental work on

the x-ray diffraction problems relsted to egtablishing phage boun-
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darles was discontinued temporarily.

Identification of Intermediate Phases by X-Ray Diffraction

An investigation is in progress to establish the identity
of intermedlate phases encountered in the magnesium corner of mag-
nesium-lithium-aluminum and magnesium-lithium-zinc systems. A
geries of alloys was prepared, the compositions of which were in-
tended %o be gpeclific intermediate phases whose presence is antici-
pated or suspected in the phase fields of interest. A list of the

phases 1s given in Table VII,

TABLE VII
INTENDED COMPOSITIONS OF INTERMEDIATE PHASES PREPARED
TO SERVE AS IDENTIFICATION STANDARDS

Atomic Percent Welght Percent
Phase ¥ L1 AL Zn ¥ L A &

ALY 50 50 21 79
AlLi, 67 33 3 6o
Mg17A112 57 L3 55 s
MgLi,Al 25 50 25 37.3 21.3 .k
MgLiAl, 25 25 50 29.9 10.3 59.8
MgZn 50 50 27.1 73.9
MgLiZn 33 33 33 25.3 7.2 67.5
 MglisZn 25 50 25 23.4 13,4 63.2
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Status of Diffraction Work end Plans for Future

The preparation of x-ray diffraction patterns and deter-
mination of lattice type and parameter for intermediste phases in
the magnesium-lithium-aluminum and magnesium-lithium-zinc systems
is in progress. At present these patterns are being determined at
room tempersture. These patterns and their data characteristic of
gpecifio phaaes will be used later to estasblish the identity of
intermediate phases in the ternary alloys in the magnesium corner
of the two systems. |

Moat of the intermediate phase alloys prepared contain &
large concentration of lithium and are dlstinoctly reactive at room
temperature in air. Powdering of the brittle alloys in air and
under a bath of kerosene has been tried. These methode have not
been entirely successful and it is believed to be necessary to carry
out the entire operation of powhering, screening, mixing powders
into a paste with collodian and extrusion to a cylindrical wire
specimen in an lnert atmosphere. A large dry box has been prepared
for this operation and the operation willl be tried using helium as
a protective stmosphere,

In addition, it is planned to continue the study of methods
for the prevention of specimen reaction during elevated temperature

diffraction so that this method of locating phsse boundaries can be

used,
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DEVELOPMENT OF LOW ALLOY
CONTENT HIGH DUCTILITY MAGNESIUM
BASE ALLOYS

Experimental Procedure for Alloy Preparation

and Evaluation

ObJective of the Regearch

The prinoipsl obJective of this development was to pro-
duce alloys with an optimum combination of strength and forma-
bility in sheet form, using total elloying additions of the order
of one percent and some combination of mechanical and thermal
treatmenf.

Resulte of Initis)l Work on the Problem
Initlal work on this problem investigated the mechanical
propertles of alloys in five geparate gystema?
magnesiun-zinc-cerium
magne gium-al uminum-cerium
magnegium-cerium
Ragnesium-zireonium
magne sium-zinc-zirconium,
The results of the experimental work in these systems, reported
in the last Summary Report(l), gave the following indications:
1. A relatively high combination of strength, elongation
and toughness for several alloyes in the magnesium~zinc-

ceriur system justified a more thorough study of this

systenm,
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2., Mechanical properties of alloys in the systems mag-
neglum-aluminum-cerium snd magnesium-cerium were not
of sufficient interest to merit additional study.

3. A relatively low order of retention of zirconium in
magne sium-zirconium and magnesium-zinc-zirconium alloye
wag encountered. It was congidered, therefore, that
the mechsnical properties obtained for alloys in these
two systems were mnot representative of the capabilities
of the gystems. It was recommended that the experi-
mental work in the two systems be repeated with better
methods for the introduction and retention of zircenium.

Experimental Alloy Selection, Preparation and Evaluation

A major share of the experimental work desoribed in thg
present report on the general problem of developling low alloy
content, high ductility alloys was deieted to a study of alloys
in the magnesium-zinc-cerium system., Two additional methods of
introducing zirconium into magnesium were studied and were applied
eucoessrully._

The experimental proeedures used in alloy preparation
and evaluation are summarized in Appendix VI, A summary of in-
tended compositions, aspectrographic analyses, mechanical and ther-
mal treatments for all experimental alloys prepared is given in
Appendix VII,

A standardized procedure for alloy fabrication was
developed. This procedure was intended to survey the capabilities

of the alloys and predict ocompositions warranting a more complete
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gtudy. Two methods of sheet rolling were used as specified in

the following deslgnations:?

1. hot rolling - rolling alloye at a temperature range

believed to be above the recrystalliza-
tion temperature range for the conditions

involved.

2. warm rolling - relling alloys at an elevated tempera-

ture belileved to be below the recrystal-
lization temperature range for the con-

ditions involved.

After rolling, recrystallization curves were determined for both

types of sheet and the mechanicel properties were determined in

three oconditions of thermal treatment. These conditlons are

ldentifled, together with the specimen nomenclature used through-

out the work in the following list:

H-.
W -

a(L) -

a(H) -
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hot rolled sheet
warm rolled sheet
stress relleved after rolling, et a temperature

nesr the lower limit of the recryetsllization
temperature range for one hour,

low tempersture snnesling trestment after

rolling, at a temperature near the middle of
the recrystellization temperature range for
one hour,

high tempersture annceling treatment after

rolling, at a tempersture near the upper 1limit

80




of the recrystallization temperature range

for one hour.
A standardized schedule for sheet fabrication and testing 1e
given in Fig. 14, The experimental detalls of sheet fabricatlon
and testihg are given in Appendices VI and VII.

Magnesium-Zinc-Cerium Alloys

Review of Previous Investigation

The results of an initial study of the mechanlcal
properties of alloys in this system with zinc and cerlum ranges
between 0 and 1.0% were given in the last Summary Report(l). This
work indicated that the best composition in the range studied was
megnesium-0,8 zinc-0.2 cerium., The average mechanical propertiecs
for this alloy are given in Tebleeg VIII and IX, Thege data in-
dlcated that an attractive combination of high elongation and
relatively high strength was produced by the procedure of warm
rolling and stress relieving. A metallographic examination of
these demonstrated that the greatest lmprovement in mechanicsal
properties was assoclated with an extremely fine, uniform, equi-
axed reorystallized grain structure - a structure produced by
warn rolling and stress relieving heat freatment.

Thege resulte were consldered to be sufficient evidence
to warrant a more thorough study of the magneslum-zinc-cerium
syetem, The scope of continued investigation i1s glven in the

next gection.
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As-cast Ingots
5/8% x 3* x 7"

Homogenize

Hot Roll to 0.200" Slab

Hot Roll to 0.06f" Sheet Warm Roll to 0.064" Sheet

Determine
Recrystallization Curve
for Samples Heated One

Hour

Low Temperature High Temperature
Streass Relieve Anneal Anneal
i
Determine

Mechanical Properties

Figure 14

Btandardized Schedule for Survey of Mechaniceal
Properties of Experimental Low Alloy Content Mag-
neslum-Base Alloys.
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TABLE VIII

AVERAGE MECHANICAL PROPERTIES OF MAGNESIUM-
0,8 ZINC-C,2 CERIUM ALLOY

Nominal
Rolling Heat Final Kips )

: Temp.,°F Treatment Cold er eo.in.(a Elong.
Alloy Hot Worm Time Temp. Reduction 5%5 TYS UTS % in 2.in,
R-61lLHg 700 - 1  6009F - 20,0 23.6 33,0 10,0

6l4Ha(H) 700 - 1 750 - 12.1 16,2 29.9 14,5

612He 700 - - - 15% 22,3 31.0 36.6 k.o

613Ws 700 400 1 600 - 14.6 2.3 34,3 21.0
669Ws

613Wa(H) 700 400 1 750 - '13.2 22,9 33,9 20.0
669Wa ("

613Wo 700 400 - - 15 34.3 38.4 k3,7 1.5

(a) Average of at least three samples for each condition.

TABLE IX

AVERAGE NOTCH SENSITIVITY PROPERTIES OF MAGNEST UM-
0.8 ZINC-0.2 CERIUM ALLOY

; Ultimste Statie
Ultimate Bend Rupture

Torque Angle Energy Strength Ductility Toughness

Alloy in.«1b, Degrees 1in,«lb, _Factor Factor Factor
R-614Hg 19.6 80.0 22,60 0.593 6.40 0,054
613Wa 19.4 67.6 18.94 0.56 .0 0,02

i 9 565 3.08 52

613W&(E 18.? 67.8 17. 0. ’ .
b | 7 7.99 552 3.46
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Soope of Contimued Investigation of the System
Additional work on magnesium-zinc-cerium alloys was
divided into two parts. Thege were:
l. A study of the effect of smsll variations in zine and
ocerium using the nominal composition magnesium-0.8
zino~0,2 cerium as a base,
2. A study of the effect of large varistions in zinec and
cerium with zinc additlons ranging up to 3.0% and
cerium additions ranging up to 1.5%.
Investigation of Smel] Variagtions in Zine and Cerium Additiong

In preparation for the general evaluation of the effeote
of small variations in zinc and cerium additions, a prelininary
study wae made to select a temperature for hot rolling and to
determine whether or not the beneficial effects of the warm rol-
1ling procedure ocould be duplicated by cold rolling the hot rolled
sheet prior to heat treatment. The conditions were selected to:

1. Compare the effect of hot rolling at 700°F and at
750°F on the mechanical properdies, using a standard-
ized schedule for sheet preparation. |

2. Compare the following two methods of Tinighing sheet
on the amealed and stress relieved mechaniecal proper-
ties:

a. Hot roll to 0.075%, heat one hour at the rolling
temperature and cold roll approximately 15% to
0.064% gheet,

b. Hot roll to 0.200" sleb and then warm roll at
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4oO°F to 0.064% gheet,
For thie preliminary study, the compositiorn magnesium-0.8 zinc-
0.2 ceriun was used in order to compare the results with the
Tavorable mechanical properties developed by this alloy in the
previous study.

The mechanical properties from the preliminary study
are listed in Table X, PFor identical treatments these data in-
dicated that 700°F should be used for rolling and this tempera~
ture was selected for hot rolling the remaining compositions of
' the group.

The mechanical properties of R-613, 614 and 669, mag-
negiun-0.8 zinc-0.2 cerium from the original work on this systenm,
are included 1n Table X for oomparison with the new data. Strict
adherence to the belief that optimum mechanical properties would
result from a stress rellieving treatment Just short of produeing
recrystallization was the hasis for selecting 400°F from re-
cryetalliiation ocurves in this preliminary study. This treatment
regulted 1ln conslstently lower elongations than obtained in the
original work. To check these regults, the third specimen of
R-739We was given an additional 1 hour treastment at 600°F, It
was encouraging to find that the resulting mechanical properties
duplicated the values of R-613Ws and R-669Ws. On the bagis of
this observatlion 1t ig believed that the optimum condition is a
completely recrystallized, extremely fine grsined internal struc-
ture. This principle was applied to all additional work on the

s]ste'm.
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TABLE X
MECHANICAL PROPERTIES OF MAGNE STUM-0,.8 ZINC-0.2 CERIUM ALLOYS
TO ESTABLISH OPTIMUM CONDITIONS FOR SHEET PREPARATION

Cold
Nomihal Reduction
Rolling Pr%or to . He%t . Kipﬂi Elong
T °F eat reatme Eigggf%gL%%?" .
Alloy Egﬁ.ﬂazﬂ.zssezgsnﬁ.iigg. Temp, C¥5 T¥8 UrS % in 2 in,
R-739Ha 700 - - 1 hr. 750°F 12.1 19.5 30.2  10.0
739t 7 12.7 18.0 38.9  9.o0(8)
12,7 17.9 29.9 10,0
(average) 12.5 18.5 29.7 9.7
R-739Hs 700 - - 1 400 27.4 31.8 36.7 12,0
738 7 26.3 31,1 37.1 12,0
25,8 31.1 37.3 12.0
(average) 26,5 31.3 37.0 12.0
R-739Hea 700 - 1 1 750 11,3 14.2 28.5 9,0
739tea 7 2% 10.7 15.2 27k 7.0{8)
10.8 16.9 27.1 7,02
(average) 10.9 1L.8 27.7 7.7
R-739Hcs 700 - 1 1 400  20.4 28.6 35.4 10,0
739Hes 7 ? 20,4 28.3 35.4 10.0(3)
20,6 29.5 35.9  1ll.0
(average) 20,5 28.8 35.6 10.3
| 13.7 19.3 31.b4 9.0
12,9 19.6 30,8 9.0
(averago) 13.1 19. 3103 903
R-739Ws 700 400 - 1 koo 25.8 30.5 39.9 5.0
| 25,5 30,1 38.0 3.o§ag
PLUS 1 600 18,0 26.5 35.7 21.0\P
R-614Ha 700 = - 1 760  12.1 16.2 29.9  14.5(e)
R-614Hs 700 - - 1 600 20.0 23.6 33.0 10.0(c)
R-613Wa 700 400 - 1 750  13.2 22.9 33.9  20,0(¢)

R=-669Wa

b) 8pecimen given an additional treatment of 1 hr, at 600°F,

§a§ S8pecimen fractured through a tensometer notch.
6) Average mechanical properties.
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The data in Table X show that an excellent combinatlon
of mechanlcsl properties can be obtained by warm rolling as the
procedure prior to the final thermal treatment. Although the
practice of celd rolling prier to thermal treatment 414 not pro-
duce favorsble results, 1t was considered that the extent of the
atudy was too limited to conolude that the procedure wae unsult-
able as a subgtitute for the warm rolling practice. At this
stage of the study it was not coneldered advigable to investigate
the method more completely and the warm rolling practloce was con-
tinued as a standard condition.

A geries of 15 compositions in the nominsl range mag-
nesium-0.8 zinc-C.2 cerium wae melted and cast. The intended
compositions and spectrographic analyses of these alloys are
llsted in Table XI. Since the analyses were different from the
intended compositions the results of the study are presented and
interpreted in terms of these analyses. It was found that the
most informative analysis of the data was obtained by oconsidering
the mechanical properties in relation to the ratio of cerium to
zinc. The average mechanical properties of warm and hot rolled
sheet are listed accoording to the cerium/zine ratio in Table XII.
The condition of high temperature annealing was removed as a
veriable in the evalustion because of the generally lower level
of a combination of etrength and elongation properties.

The data in Table XII are pregented in graphical form
in Figs. 15, 16, 17 and 18, In Pigs. 15 and 16 are plotted the

elongation values and strength properties, respectively, for warm
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TABLE XX
INTENDED COMPOSITIONS AND SPECTROGRAPHIC ANAL YSES

OF MAGNE SIUN-ZINC-CERIUN ALLOYS FCR SMALL

VARIATIONS IN COMPOSITION SURVEY

Intended Composition
Zine Eﬂhﬁii
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rolled sheet as a funetion of the cerium/zine ratio. Figs. 17
and 18 present the esme information for hot rolled sheet,

For warm rolled sheet, Fig. 15 showe maximum values of
elongation at distinct cerium/zinc ratlos. The range between
the maxima for stress relieved and low temperature annealed con-
ditions prediocts a high level of elongation for a range of com-
positions for warm rolled sheet, These data indlcate that low
temperature annealing consistently produced a higher level of
elongation values than stresgs relieving in warm rolled aheet.

"As shown in Fig, 16 for warm rolled sheet the ultimate and yleld
strengths in tension as well as the elongation reached maximum
valueg at approximately the same cerium/zinc ratio. Compressive
yield strength values reached a maximum at a slightly higher -
cerium/zinc ratio, |

The high level of elongatlion produced by warm rolling
and low temperature annealing was reproduced by a streses re-
lieving treatment of hot rolled sheet at approximately the same
cerium/zinc ratiés as shown in Fig. 17. Low tenpergture annealing
seriously lowered the elongation values for the hot rolled sheet,
Maxima for the two thermal treatments of the hot rolled sheét were
coincident at spproximstely O.4 cerium/zine ratio. Hot rolled
sheet strength valuees (Fig. 17) reached a maximum level at ocon-
siderably higher range of oerium/zine than indicated for maximum
elongstion values, There was a Aistinct scatter of strength
values at and around the optimum cerium/zinc ratio for maximum

elongations, presumably due to variations in the temperatures
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used for thermal treatment and to a lower degree of strain
hardening during working than was developed by warm rolling.

A metallographie examinatien was made of representative
alloys to observe the microstructural conditions associated with
varistions in cerium/zinc ratlos, mechanical working and thermal
treatments. This investigation was not comprehensive but the
observations were considered significant to an interpretation of
mechanical propertles.

A secondary phase was observed to some extent in all
ailbys examined and this phase incressed in amount with an in-
creasing cerium/zinc ratio. The identity of the phase was not
establighed, The phase was generally globular in shape and ran-
domly distributed. Oceasionally it was present as stringers of
tiny particles 1lined up in the directlon of rolling. Phbspho—
ploral and acetic-pieral etching reagents did not attack the
phase but usually heavily outlined the particlee from the matrix,
There was some evidence to indlcate, especlally for the higher
cerium/zinc ratios, that at least two secondary phases may have
been preasent. The influence of an insreasing cerium/zinc ratio
from 0.27 to .64 on the extent of the white secondary phase isg
shown in Figs. 19, 20 and 21,

The distribution of the undisgsolved phase appeéred to
be the game for comparasble conditions in warm and hot rolled
gsheet but was influenced considerably by the temperature of heat
treatment. For a given composition in the stress relieved con-

dition there was pregent & finely divided white phase randomly
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wlrure 1y

Hege 227 Ylag: 500X
Spec: AA3-2  Ztch:  Phosrho-
Pieral, 15 sec

Lonpgitudinal section from
757Hs (rarnesium-0,78 zine-0,21
cerium, cerium/zinc.27) hot rolled
at 700°F and stress relieved 1
hour at LO0O°F, A feu tiny parti-
cles of a white rhese are visible.

oYys TYS UTS £ ml,
10,2 23,5 32,5 11

Figure 20

Neg: 228 Mag: 500X
Spec: !'1655-2 FEtch: Fhospho-
Pieral, 15 sec

Longitudinal section from
7,2Hs (mapnesium-0.75 zine-0.21
cerium, cerium/zinc-0.41) hot
rolled at 700°F and stress re-.
lieved 1 hour at 600°F, A ran-
domly distributed, finely divided
phase and more massive particles
were present,

CYs TS UTs Z =1,
18.3 27.7 37.0 22

Fioure 21

Veg: 226 Mag: 500X
Spec: M667-L Etch: Phospho-
Picral, 15 sec

Longitudinal section of 7.5Hs
(magnesium=0,74 zine-0.47 cerium,
cerium/zinc-0.64) hot rolled at
700°F and stress relieved 1 hour
at 550°F, The amount of undis-
solved phase, coarse and fine
particles, was considerably
greater than in Fig, 7.

CYs TYs UTS Z El.
23.5 31.8 38.2 7




scattered throughout the matrix in addifion to a random 4istribu-
tion of more massive particles and stringeras of undiesolved phase,
Heat treatments above 650°F resalted in a solution of the fine
particles or sgglomeration into larger particles. Although the
g011d solubility of undigsolved phase appeared to increase with
increasing temperature, even 0.31% cerium (cerium/zinc ratio .41)
exceeded the solubility for a 1 hour treatment at 750°F, These
conditions are shown in Fige. 22, 23 and 24 for R-742, magnesium-
0.76 zinc-0.31 cerium (0.41 cerlum/zinc ratio), and they were more
pronounced for the 0.64 cerium/zine ratio,

All alloys and treatments produced relatively fine
grained structures ranging from considerably less than 0,00022"
to spproximately 0,00042% gverage stze. The finest graln struc- .
tures were assoclated with gtregs-relleving treatments and higher
cerium anslyses. In the strees relleved conditions for cerium/
zinc ratios of O.41 and above, there was some question as to
whether the degree of recrystellization was complete in warm or
hot rolled sheet, Low and high temperature annealing resulted in
progressive grain coarsening compared to stress relieving. Ex-
amples of these conditions are shown in Figs. 25, 26 and 27 feor
hot rolled sheet and Figs. 28, 29 and 30 for warm rolled sheet.

There was gome evidence to indicate that a white phase
was present elong grain boundaries as well as randomly distribu-
ted throughout the matrix for cerium/zinc ratios of 0.41 and
above, This condition was observed in Both warm and hot rolied

sheet, being more pronounced with higher heat treatment tempera-
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Pipure 22

ep: 228 Pap: 500X
Spec: 1"655-2 ¥tch: Phospho-
Pieral, 15 sec

Longitudinal section of 7)2Hs
(magnesium=0,76 zinc-0,21 cerin-,
cerium/zine~.L1) hot rolled ot
T00°F and stress relieved 1 hour
at 400°F, ?Mote the renersl dis-
tribution of the finely divided
second=ry phase,

CcY: ™S UTS 9 ml,
1”2 27.7 37.0 22

Figure 23

Neg: 229 Hag: 500Y¥
Spec: ML57-2 FEtch: Phospho-
Pieral, 15 sec

Longitudinal section of 7,2~ (1),
low temperature annealed 1 hour at
650°F. A larre part of the finely
divided rhase apparently dissolwved
in matrix,

cYs TYS UTs < El.
15,6 21.0 33.5 15

Figure 24

Neg: 230 Map: 500X
Spec: M657-L TEtch: Phospho-
Pieral, 15 sec

Longitudinal section from 742
Ha(H), high temperature annealed
1 hour at 750°F, No distinet
evidence of the finely divided
phase was observed but there was
no sienificant change in the more
massive phase.

CYs TYS UTs gZFl.
13.3 17.4 30.7 15
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Figure 25

Neg: 234 Mag: 500X
Spec: M655-4 Etch: Phospho~
Picral and
Acetic Pieral

TP

-

Tongitudinal mierostructure of

R~742Hs (magnesium-0.76 zinec-0,31

cerium, 0.41 cerium/zinc ratio),

"but rolled and heated 1 hour at

600°F, The derree of recrystalli-

o zation may not have been entirely
“ww -l complete and the grain size was

.~ lextremely fine, considerably less

. f"/k”« : t . ".

f{u@@fx han 0.00022

e Sl 1 5
,{L,ﬁpé CYS TYS UTS ¥El.

e

lrt 183 2707 370 2

Figure 26
Neg: 235 Mag: 500X
, Spec: M657-2 Etch: Same as

Fig. 25

Longitudinal structure of R-
742Ha(L), hot rolled and heated

1 hour at 650°F, The structure
appeared completely recrystallized,
equi-axed, with an average grain
.8lze of 0.00031". Compare with
Fig. 23.

CYs TYS UTS g ®l,
15.6 21.0 33,5 15

Figure 27
Neg: 236 Mag: 500X
Spec: u657-L Etch: Same as

Fie. 25

Longitudinal section of R~
742¥a(H), hot rolled and heated
1 hour at 750°F. Grain growth
had occurred snd the averare
rrain size was 0,00062%, Com~
pare with Fig., 24 and note whet
appears to be undissolved phase
along some grain boundaries.,

CIS TYS UTsS %G5l
.3 17.4 30.7 15
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Figure 28

[ lNeg: 231 Mag: 500X
Spec : M656-L TFteh: Same as
Fig. 25

LA e " SO ,«;%“ . %+ Longitudinal section of R~

R A A N T S SN AR A ?,g?%f ‘. Th2Ws (magnesium-0,76 zinc-0,31
CETNSV e O TR L T i . cerium, 0,41 cerium/zinc ratio)
PO S RV T IR A Ja % warm rolled ond stress relieved
S A O e e T R ’“‘;’fl"“ <: 1 hour at 550°F. The degree of

SO N ST e T e T N
ot R B T T VAN | g, AN
P ,32-“?«‘1:’3, t N ;‘«:L ) ’t'fg,f:, ?5 ¢ recrystallization did not appear
PRI Dylesd o R Ay ":{‘ i~ 74 complete and the grain structure
g Pea iy s <3
, Ay  Was extremely fine., Compare with

;'cyo TYS UIS ZEl,
= 17,9 27.3 3.3 10

Figure 29
Tt Neg: 232 Mag: 500X
i~ : M658-2 T¥tch: Same as
Fig. 25

Longitudinal section of R~
7A2T‘Ia(L), warn rolled and heated
1 hour at 600°F. The grain struc-
ture was extremely fine averagine
,On022n

J

crs TYS urs 9ol
14.9 25,2 3L.7 15

Figure 30
o Nege: 233 Mag: S00Y.
. Spec: 1658~}  Fteh: Sare as
Fig. 25

ffx) Loneitudinal section of B-
L 7kova (), warm rolled and heated
21 hour at 750°F, The rroin size
“ . averaged 0.00042', Compare with
< Fleg. 27,

J ooy Tvs  uts ¢ Tl

11.5 20.6 32,6 14




tures. The appesrance of the condition is 1llustrated in Figs.
2b, 27 end 30 for hot and werm rolled sheet. Observations in-
diceted that the grain boundsry effect was definitely associated
with higher cerium analyses. Suspecting that the condition was
evidence of grain boundary melting, additional eamples of R-742H
and 745H sheet (0,41 and 0.64 cerium/zinc ratios) were heated
from 700°F to 900°F in steps of 50°F to determine if the solidus
could be detected. Microscopic examination indicated no dis-
tinct evidence of grain boundary melting up to 900°F. No con-
elﬁeive evidence was obtained to explein the appeerance of the
white phase along grain bounderiles,

The resulte of this investigation of small variatlons
in zinc and cerium sre summarized below:

1. The optimum hot rolling temperature for the inveetiga-
tion was 700°F. Warm rolling was satisfactory at
hooeP,

2. ?or ware rolled sheet, maximum strength properties
and maximum elongation values were obtalned at epproxi-
mately the same cerium to zinc ratio. In the renge of
composition studied (0.6 to 0.8% zino and 0 to 0.5%
cerium, nominally) warm rolling offered the sost flex-
ible method of sheet preparation since high elongations
and a oombination of high strength propertiees and high
elongations were obtained over a range of eerium to
zine ratios (0.325 to 0.425) and over a range of heat

treatment temperatures from etress relieving to low
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temperature annealing conditions.
Although the attractive mechanlcsal properties of the
warm rolling procedures were duplicated by one set of
hot rolling conditions - a cerium/zinc ratio of 0.41
and a stress relleving heat treatment - hot rolling
technique was legs desirable for these ressons:
a. The cerium/zinc ratio for maximum elongation was
extremely oritical. Values dropped rapidly on
el ther gide of the optimum ratio, 0,41, Low tem-
perature snnesling resulted in a signiflcant de-

orease in this property.

b, The cerium/zinc ratio for maximum strength proper-

5.

WADC TR 52-41

tiee (spproximately 0.6) was considerably above
the ratio for maximum elongation (0,41).

c. An undesirable scatter in strength properties
occurred to a much greater extent thaen encountered
in warm rolling for a given set of conditions.

The strength properties in hot and warm rolled sheet

were approximately the gsame at the optimum cerium/zinc

range for maximum elongation.

High temperature annealing practices (at the upper

limit of the recrystsllization temperature range) re-

sulted in a conelstent lowering of both strength and
elongation values compared to lower temperatures of

thermal treatments for both warm and hot rolled sheet. .

The desirable combination of high strength properties

163



and high elongation values was assoclated with an ex-
tremely fine grain eize and a relatively emall amount
of undissolved secondary phase,

. ‘The finest grain structures were associated with higher
cerium anslyses and with the stress relieved condition
for warm and hot rolled sheet.

8. The extent of the undigsolved secondary phase (or
pheses) ranged from less than 5% of the structure to
greater than 40% with cerium analyses from 0.21% to
0.,47%, respectively. The distribution of the phase
rapparently was independent of the method of sheet work-
ing but was influenced considerably by the temperature
of heat treatment., The s0lid solubility of the phase
was belleved to be less than 0.31% cerlum in combina-

| tion with nominally 0.8 zinc at 750°F,

Plans for an Extension of Study of the Magnesium-Zino-Ceprium
System

Plans for additional work with msgnesium-zinc-cerium
alloys were made from the indlcations given by the study of the
effects of amall variations 1in zinc and cerium on mechanical
properties. Three separate phases of work were planned as out-
lined below:

1. MoDonald(1,2) demonstrated in investigations of mag-
nesium-bage binary alloys that the optimuvm combination
of strength properties and maximum elongation vslues
was obtained with a magnesium-3.0 zinc alloy snd a
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magnesium-0,3 cerium alloy. Therefore, it was planned
to extend the magnesium-zinc-cerium investigation to
alloys containing more than 0.8% zinc in combinations
with 0.3 cerium. A seeond phase of the problem was %o
determine whether or not the optimum cerium/zinc ratie
established as 0.35-0,40 for the nominally nagneﬁium-
0.8 zinc-90.3 cerium alloy 1ls 8 fundamental paraméter
that may be used with a higher range of zinc and cerium
additiones.

2. Mew heats intended to approximate R-742 (magneslum-0.76
7in0-0.31 cerium, cerium to zine ratie, 0.407) were
planned in order to 1nve§tigate the following conditions
for warm snd hot rolled sheet:

a. BStudy more oémplotely the Jntire reorystallization
temperature range. |

b. Determine notch sensitivity properties.

6. Determine minimum bend radiil.

3, During the course of the investigation of small varla-
tions in zinc and cerium, a preliminary study was made
to determine if the ocold rolling of hot rolled sheet
prior to heat treatment would subetitute for the warm
rolling procedure. Thig work was confined to a single
compoeition (magnesium-0.8 zinc-0.2 cerium, to simulate
R-613 and R-669) and one range of cold work (nominally
158)., The results obtalned were not encouraging and

the study was abandoned temporarily. It was planned to
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resume this work to investigate more completely a fange

of cold work and a renge of heat treatment temperatures,
Invegtigation of Lerge Variationg in Zinc and Cerium

A new serles of 11 compositions was prepared (a) to in-
vestigate the effect of increasing the zinc additions from 0.8 to
3.0% with a nominal cerium addition of 0,3%, and (b) to investi-
gate the effect of increasing the zlnc and cerium additions
gimultaneously to maintain a constant ratio of cerlium to zlnec of
0.4, Intended compositions of these alloys are llgted in Table
XI1I,

TABLE XIII

INTENDED COMPOSITIONS OF MAGNESIUM-ZINC-CERIUM
ALLOYS TO INVESTIGATE LARGER VARIATIONS IN ZINC

AND CERIUM

Intended Compogitien

Velght Percent Ratio
Zine Cerium Cerium/Zine
0.8 O.g 0.l
1.0 0. 0.3
1.5 0.3 0.2
2,0 0.3 0.15
2,5 0.3 0.12
3.0 0.3 0.10
1.0 0.4 0.4
1.5 0.6 0.4
2.0 008 O.h’
2.5 1,0 0.4
3.0 1.2 0.4
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Difficulty was encountered in obtalning the higher
cerium concentrations proposed in Table XIII, 1In particular,
the alloys containing a cerium to zine ratio of 0.4 with higher
rangea of zinc were not obtalned consistently. These off-com-
position heats, however, were processed along with the others
for fhe information that they would provide,

A list of mechanlicsal properties not reported previously
for alloys in this :lnvostigation is given in Table XIV, A sum-
mary of average mechanlcal properties of all alloye in the in-
vestigation of larger variations in zinc and cerium additions is
given in Table XV, In order to sssist the interpretation of the
information presented in Table XV, the elongation valueg have
been plotted on coordinates of cerium and zinoc spectrographle
analyses in Figs. 31, 32 and 33. In Fig. 31, the naximum values
of elongation for each alloy in the warm rolled and hest treated
condition are shown. The maximum values of elongation for each
alloy in the hot rolled and heat treated condition are given in
Fig. 32. The distribution of maximum values of elongation for
all alloys in all conditions are showa in Fig. 33,

The results of this investigation indicate that there
is a dilgtinot range or region of composition in which elongations
of 20% in 2 in. or greater combined with relatively high strength
properties can be obtalned. Ag predicted in Fig. 33, this region
extends from approximatély 0,7 to 1.5% zinc and from spproximately
0.25 to-at least 0.4% cerium. Although elongations exeseding 20%

in 2 inohes were obtained with cerium concentrations below 0.2%,
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TABLE XIV

MECHANICAL PROPERTIES OF MAGNESIUM-ZINC-CERIUM ALLOYS

TO INVESTIGATE LARGER VARIATIONS IN ZINC AND CERIUM
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TABLE XV
SUMMARY OF AVERAGE MECHANICAL PROPERTIES OF MAGNESIUM-
ZINC-CERIUM ALLOYS TO INVESTIGATE LARGER VARIATIONS
IN ZINC AND CERIUM

Nominal Heat
Composition, Rolling Treatment Xips

Q%gggggé_é%gl&_ %gggi_gz_ One Hour er ad, in
Alloy Zinc Cerium ot Warm __ at _ CYS T¥S UIS
793VWe 0.80 0,15 700 k0O 300°F 26.0 35.9 39.4.
wal(L) - - 700 40O 575 14,5 25,0 344
He - - 700 - 450 19.3 25.0 32.3
Ha(L) - - 700 - 575 15.0 20.6 32.5
791We 0.90 0,15 700 40O k5o 28,7 31.5 38.3
Wa(L) - - 700 400 550 21.3 29.9 36.7
Ha - - 700 - 600 17.7 28.3 35.7
Ha(L) - - 700 - 675 24,7 30.0 36.3
788We 0,91 0.40 700 400 oo 19.7 27.4 36.6
Wa(l) = - 700 40O Lso 15.5 25.3 35.4
Hg - - 700 - b50 22,7 29.7 36.8
Ha(L) - - 700 - 575 22,7 30.2 37.3
781Wsg 1.0 0.10 700 LOO 500 17.5 28,0 36,2
Va(L) = - 700 400 600 14,7 25.6 34.4
He - - 700 - 500 23.8 30,5 37.5
Ha(L) - - 700 - 600 18.0 27.1 35.6
Wal(L) = - 700 400 550 19.4 27.3 33.5
HS - - 700 - 325 17.0 2705 3 08
Ha(L) = - 700 - 50 16.8 25,2 35.5
810Ws 1.2 0.31 700 L0O 350 29.3 34,9 b2,2
Wa(l) - - 700 400 550 18.9 27.6 37.7
He - - 700 - 550 16.9 26.8 34.9
Ha(L) - - 700 - 625 16.1 23.6 34.3
814Ws 1.2 0.38 700 400 Lso 24,5 32,6 40,5
~ gg(L) - - ;gg Loo ggg 16.8 25,9 36,7

8 - - - 20.3 27.6 35.
794Wg 1.4 0.23 700 L0OO 350 30.1 34,9 42.8
ga(L) - - ;gg koo 500 22.0 30.5 38.9

e - - - 575 18.2 24,3 35,
Ha(L) = - 700 - 200 13.2 18.0 33.3
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TABLE XV, Cont'a

Nominal Heat
Composition, HRolling Treatment Kips
Spestro, Anal. Femn, F One o RN T 5 i e
Alloy ne Cerium ot Warm at TYS UI8 $ 2 in.
807Ws 1.4 0.43 700 400 booor 2.6 33.0 #0.7 11,0
Wa(L) - - 700 400 525 14.3 25.0 35,1 12,0
El - - 700 - 325 1809 3°07 3803 12.0
Wa(L) - - 700 400 5758 14.9 25.6 34.6 20,0
811Wg 1.65 0.41 700 400 () 27.4 3,1 39.2 11,0
Wa(L) = - 700 40O 00 18.0 25.9 356.8 11,0
Hs - - 760 - 25 20.5 32.3 37.3 9.5
Ha(L) - - 700 - 525 1908 2901 3609 900
815Ws 2,0 0.31 700 400 350 2k.,7 33.9 40.9 1b,.5
Wa(lL) - - 700 400 528 13.1 25,0 35.8 14,5
H! - - 700 - 375 1709 2702 36.“ 1700
Ha(L) - - 700 - 525 1209 20.9 Buo“’ 15.0
808Ws 2.15 0,64 700 400 375 23.3 32,6 40,0 10,0
Wa(L) - - 700 400 500 14,8 25,06 36.6 17.0
Hs - bd 700 - 375 18.9 2907 3603 1300
Ha(L) - - 7200 - Lns 17.8 24,6 34.2 13.5
812Ws 2.3 1.1 700 400 b75  27.4% 3.0 41.3 11.0
Va(L) - - 700 400 600 18,2 27.6 37.8 9.0
Hs - - 700 - 500 21.5 2003 35.7 11,0
813We 2.5 0,37 700 400 25 23.6 35.1 42.6 13.0
Wa (L) - - 700 400 50 15.4 26.ﬁ 31.2 12,0
Ha(L) - - 700 - 525 1605 22.1 3303 1005
809We 2,5 0.55 700 400 375 26,9 33.8 41.3 6.0
Hs - - 700 = 00 22,2 30.7 37.0 12,0
Ha(L) - - 700 - 550 17.0 24,9 36.3 12,0
Wal(L) - - 700 400 %1 22.3 29.3 39.3 1.0
H! - - 700 - n?S ‘1906 2605 36.2 1005
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Alloy

822Ws
Wa(L)
He
Ha(L)

817Ws
bWa(L)

Hs
Ha (L)
823Ws
Wa(L)
Hs
Ha (L)
798Wga
Wa(L)
Hs
Ha (L)

824We
Wa(L)

Hs
Ha(L)

TABLE XV, Contl'd

Composition,
saectm » Ansl,
Zino Cerium
2.8 0,40
3.2 0.3
3.2 0.34
3. 3 0018
3.4

WADC TR 52-41

Nominal Heat
gollingp greagment Kips ' 1

em ne Hour er g n ong.
Eig_iggg at o] T%S U%5 % 2 gi.
700 400 375°F 16.5 28,2 38,5 14,5
700 400 500 11.9 24,8 34,8 15,0
700 - 50 19.5 28.3 36.6 16.0
700 - 50 14,1 24,1 35.6 11.0
700 400 25 17.8 28.5 37.Z 15,0
700 40O 75 10.6 20.9 34, 8.0
700 - 525 805 18.0 32. 9.0
700 40O 375 17.0 27.2 37,9 14,0
700 400 500 10,7 23.8 35.8 14,0
700 - 50 17.6 29.4 37.8 14,5
700 - ?5 1005 2300 3“"09 1700 -
700 400 350 17.1 27.2 37.9 18.0
700 400 L7s 13.6 25.1 36.3 18.5
700 - 500 10.7 22,3 34,9 12.5
700 - 550 8.8 24,3 33.9 13.0
700 40O 325 18.5 31.1 39.5 14.0
700 400 koo 16,2 27.3 38.6 14,5
700 - 350 17.3 28,1 37.4 1k4,0
700 - 500 11.0 23,0 34,9 10.5
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thege values were ususlly accompsnied by consldersbly lowered
strength properties {particularly compressive yield strength)
compared to alloys in the favorable range with higher cerium
analyees. The data in Figs. 31, 32 and 33 strongly éuggest that
the reglon of attractive mechanicel propertles may extend inte
higher zinc and cerium concentrations. These data =lsgo suggest
that compositions felling a2long the nominal cerium tc zine rstio
of 0,4 are centrally located in this zone, Unfortunstely, alleye
intended to explore this region of higher zinc and cerium conecen-
trations were found to be much lewer irn cerlum than expected.

| The best combinatlons of mechanical properties in this
favorable reglon were exhibited by the féIIOW1ng alloys and con-
ditions! |

Hested

Spect. Anal 1 Hour Kipeg per sg. in Elong.

Alloy Zing Cerium _at = C¥S 1%¥g UOr8 in 2 in
814¥Wga 1.2 0.38 450°F 24,35 32,6 40,5 20.5
788Ws" 0.91 0.k0 400 19.7 27.b 36.6 21.5
Wa(L) k50 15,5 25.3 35.4 20,0
Hs 450 22.7 29.7 136.8 19.0
Ha (L) 575 22,7 30.2 37.3 20,0

The properties of alloy R-788 are cited in particular because
of the apparent independence of the method of sheet preparation.
Alloys with zine concentrations approximately 1.5 to
3.0% showed no significant increase in stremgth properties and
a generally lower level of elongation values than observed for

the favorable region.
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The most significant indications from the results of
the‘study of larger variations in zinc and cerium additione are
summarized below, | |

1. A favorable reglon of composition extending from ap-
proximately 0.7 to 1.5% zinc and from 0,25 to at least
0.4% cerium was located in which a combination of high
elongations and relatively high strength properties
were obtalned,

2., The mechanical property data predicted that the fa-
vorable region may extend to higher concentrations of
zinc and cerius,

3. Zinc additions in the range from 1.5 to 3.0 in combin-
ation with 0.3 cerlum or a greater cerium concentration
provided no sensible incresse in strength properties
and resulted in consletently lower elongation values.

lk, The importance of the cerium to zinc ratio of 0.4 ag

a prediction of favorable mechanicsl properties in re-

glons of higher zinc and cerium concentrations was not

establlshed. Addltional alloyes along this ratio of
gine and cerium additions will be needed to establish
this relation conclusively. The evidence obtained,
however, indicated strongly that the 0.4 ratio was
spproximately in the center of the favoreble regilon.

5. With few exceptions, the mefhod of warm rolling pro-
duced the best comblnation of strength properties and

elongation values,
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Detalled Investigation of the Mogt Faverable Composition
Initially, 1t wae planned to study more completely the

methoed of asheet preparation and to determine notch sensgitivity
properties and minimum bend radii for alley R-742 (magnesium-0.76
zinc-0.31 cerium). Thig experimentsl work was not carried out in
order to complete the larger program of surveying the mechanical
properties of alloys with larger concentratiens of zinc and cerium,
On the bagls of thege results 1t is now believed that the alloy
for the detalled study should contain larger amountes of zinc and
ocerium. The most sultable composition for this purpose is be-
lieved to be R-788 (magnesium=0.91 zinc-C.40 eerium). The work
on the R-742 type alloy already started will be completed and
accompanied by the additionsl work on the R-788 type alloy.
Invegtigatien of Cold Rolling and Heat Treatment to Subgtitute
for Warm Rolling Procedure

Experimental work on this preblem was not etarted. It
1s planned to begin the study softer the most favorable range of

zine and cerium is egtablished.

Comvarigon of Mechanics]l Properties Q{_E;pg:;gggﬁgl_gng_coggergigl
Alloys

The results of thie investigatioen have shown that the
relatively high elongation values and high combination of strength
properties exhibited by R-613We and R-669Ws (nagnesium—O.B zinc-
0.2 cerium) were not only reproduced but also improved, This is
shown in Table XVI together with a comparison between the experi-

mental magneslum-zinc-cerium alloys and commercial alloys.
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Future Work with Magnesium-Zinc-Cerium Alloys

Favorable results with some alloys in thie system in-
dlocate the desirability of continuing the mechanlesl property
gurvey. The ultimate end of thle work would be to establish a
composition range and method of sheet fabrication for an optimum
combination of atrength and formablility.

Experimental work in progress or planned lncludes the
following:®

1. Prepare new alloys having a nominal cerium to zinc
ratio of 0.4 with the zinc concentrations above 1,0%.
The purpose of these compositions would be to investi-
gate the validity of the 0.l retio aes a parameter in
predicting an optimum combination of strength and duo-
tility properties.

2. Prepare new alloys to survey the range of composlitlon
between 0.8 to 1.5% zinc and 0.4 to 0.6% cerium. This
work would determine 1if the region of favorable compo-
gitions could be extended to higher zinc snd eerium con-
centratione.

3. Investigate in more detall for the entire recrystalliza-
tion range, notoh sensltivity properties and minimum
bend radii of two or more alloys exhiblting attractive
mechanical properties. Two alloys selected are R-742
(megnesium-0.76 zinc-0.3 cerium) and R-788 (magnesium-
0.9 zinc-0,40 cerium).

b, Inveatigate the possibility of substituting some com-

WATC TR ”o-l1 124



bination of cold rolling and heat treatment for the
warm rolling procedure in gheet preparation.

5. Investigate the effect of cross-rolling during sheet
propertlies on the mechanical properties of magnesium-

zinc-cerium alloys.
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Msgnesium-Zirconium Alloys

Melting and Cagting Alloye

Initially, two methods of adding zirconium were used.
An alloying procedure recommended by Dow Chemical Company using
TAM zirconlum tetrachlorlide flux gave poor regults as spectro-
graphlc analyses showed only a trace of zirconium pregent. Two
melts were made using a master alloy containing 60 magnesium-40
zirconlum. These alloys also exhibited poor recovery of zirconium,
A comparison of enalyses and mechanical propertlies gave no indi-
cation that one method was better than the other,

Two additionsl methods of adding zirconium were tried
and the results were improved considerably. One method was to
introduce zirconium as zirconium sponge and the second method
uged “dense" zirconium tetrachloride. Detsils of these methods
are given in Appendix VI.

A summary of intended compositions and spectrographle
analyses for magneslum-zlrconium alloys 1s given in Table XVII,
Ag noted, half of these alloys exhibited non-metallle inclusions
and spectrogrsphic analysés were not congldered reliable. These
inclusion= containing heats were not used for the determination
of mechaniosl properties. The procedure for introducing the zir-
conium by means of denge zirconium tetrachloride was found to be
less complicated and more adapted to the scale of melting opera-
tions 1n this development work., It has, therefore, been adopted
ae the étandard practice for introducing zirconium in magnesium

and magnesium-zine alloys.
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Alloy

R-751
752
753
ne8(a)

ng2(a)
neh(2)
766

763(&)
765(&)
767
769
770(&)
771
772
773(&)

TABLE XVII

INTENDED COMPOSITIONS AND SPECTROGRAPHIC
ANALYSES OF MAGNESIUM-ZIRCONIUM ALLOYS

Intended
Zirconium Spectrographlc _
Content Anslyseg Source of Zirconium
0.1 0.10 dense zirconium tetrachloride
0.1 0.09 " " '
0.1 0.20 " " "
0.1 0.1-0.3 zirconium sponge
0.5 0.15 dense zirconlur tetrachloride
0.5 0.15-0,30 W LA "
0.5 O bh " " '
1.0 0.15-0,20 ~ denge zirconium tetrachloride
1.0 0.40-0,45 " " u
1.0 0.73 . " “
1.0 0.76 " K .
1.0 0,54 firconium sponge
1.0 0.59 " "
1.0 0.55 " 0
1.0 0.60 " "

(a) Many flux inclusions were visible to the eye. These ingots

were

not used for determining mechanical properties,
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Mechanical Properties

A study of the recrystallization data for hot and warm

 rolled sheet in this system indicated that the alloye d1d not

regpond to the fixed rolling ponditions in the expected manner,
Only alloy R-766 (magnesium-0,44 zirconium) exhibited a typlcal
recryestallization curve, The as-rolled hardness values of alloys
above and below O0.44% zirconlum suggested that the structures
were recrystallizéd during warm and hot rolling. A metallographle
examination produced evidence in substantial agreement with this
observation although 1%t was consgldered that the extent of the
examination was of limited scope. Accordingly, the average
mechanicel properties of the alloys, given in Table XVIII, are
not believed to be representative of the capabilities of the
gystem,

Plang for Future Work in Thig System

Plans for future work in this system are:?

1. Investigate rolling conditions to establlieh sultable
hot and warm rolling procedures.

2. Re-cast the alloys in thls grouo for a new trial to
produce hot and warm rolled sheet in stress relleved

and low temperature annealed conditions.
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TABLE XVIII

AVERAGE MECHANICAL PROPERTIES OF MAGNESIUM-
ZIRCONIUM ALLOYS

Nominal

Composition, Rolling Heat Kips

Spectro. Anal., Temp, °F Treatment 6§££_§94_;£;_. Elong.
Alloy Zirconium Hot Warm Time Temp, CY¥3 TY¥S UTS % 2 in.
752Ws 0.09 700 500 1 hr.300 15.0 13.6 23.7 4.5
752Wa (L) - 700 50 1 700 7.6 13.5 25.4 5.0
752He - 700 - 1 300 12,9 14,9 24,4 6.0
751Ws 0,10 700 500 1 300 12,2 13.1 24,5 6.0
751Hs - 700 - 1 300 12,2 13.2 24,9 7.5
751Ha (L) - 700 - 1 700 6.0 13.7 25,0 6.0
753Wa 0.20 700 500 1 300 11.6 13.6 23.7 6.0
753He - 700 - 1 500 11.2 22.8 32.4 8.0
766Ws 0.4l 700 500 1 600 8.5 17.4 30,8 8.0
766Wa (L) - 700 500 1 700 7.3 16.8 30.6 11,0
766Hg - 700 - 1 bos 22,3 22,8 32,4 7.5
766Ha (L) - 700 - 1 565 14,8 22.1 32.3 7.5
772Ws 0.55 700 500 1 550 12,1 15.4 26,3 7.5
772Wa (L) - 700 500 1 750 6.8 13.3 25.4 6.0
772HS L 700 - 1 600 10.1 1301 2700 7-5
772Ha (L) .- 700 - 1 700 7.5 13.7 26.3 7.0
771Wg 0.59 700 500 1 550 12,7 14.6 26.8 8,0
771Hs - 700 - 1 bso 14,9 13.3 24.4 8.0
767Ws 0.73 700 500 1 500 13.4 13.8 25.8 8,
767Wa. (L) - 700 500 1 700 7.1 12.9 26.2 8.3
767Hs - 700 - 1 600 10.2 13,7 26,3 7.0
767Ha (L) - 700 - 1l 750 6.9 13.4 27.3 7.5
769Wa 0.76 700 500 1 700 7.9 13.5 26.0 7.5
769Hs - 700 - 1 500 12°Z 14,5 25.6 9.0
769Wa (L) - 700 - 1 600 9.4 14,0 26.7 7.5
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Magneglum-Zinc-Zirconium Alloys

Melting and Castling Alloys

The general procedure of melting and castling dlscussed
for magnesium-zirconium glloys was applied td the 1limited amount
of work carried out in thls system. Although five alloys were
prepared, a general condition of flux 1nc1ﬁsions was present and
spectrographic analyses for gzirconium were consldered unreliable,
Additionasl experimental work was not conducted in order to devote
more time to the magneslum-zinc-cerium alloy study.

Plans for Future Work in thisg System

It 1s planned to prepare the following alloys for an
initial survey of the mechanicel properties in this system:!

Zinc Zirconium
0.8 0,2
0.5 0.5
0.2 0.8

If the results warrant the effort, an extension of the study

will be made.
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APPENDIX I

DETAILED EXPERIMENTAL PROCEDURE FOR MELTING AND
CASTING MAGNESIUM-LITHIUM BASE TERNARY ALLOYS

The following sequence of operatlione was adopted as a

gtandard procedure for melting and casting magneslum-lithium

base alloys.

1.

WADC TR

The alloy componente were placed in the cruclble and

the apparatus was assembled. In this charging, 1t was
believed to be more desirable to load the components
with the lithium on top. This prevented "bridging" of
the components above the melt and reduced the time
during which the lithium was molten and not alloyed.
Argon was passed through the unit for 10 minutes to
gweep out the ailr, During this period the packing gland
was loosened and a steady flow of argon meintained., At
the end of 10 minutes the packing gland was tightened

and the argon presgsure adjusted to 2 psi. This pressure

was malntained for the remainder of the cyocle.

The charge waes heated until 1t became molten. The pre-
sence of g0lld components could be detected easily by
moving the stirring rod up and dowvn. When the charge
was completely molten, the temperature was recorded to
use ag a gulde in the remalnder of the cycle.,

The charge was completely mixed by stirring for 1 minute
by slowly slilding the stirring rod up and down,
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6.

7

10.

The charge was superheated to a minimum temperature of
1400°F. Thie was done to insure the complete slloying
of the components snd to increase the fluldity of the
melt.

The charge was stirred for 1 minute to ellminate any
compositional differences in the melt.

The temperature of the charge waes dropped in the fur-
nace to the pouring range, Thig operation took at least
15 minutes and allowed time for the non-metallics to
gettle.,

The alloy was cast at approximately 50°F above the melt-
ing temperature. To cast the alloy the entire assembly
waa lifted from the furnace and sglowly tilted eo that
the metal would run from the cruclble to‘the mold. At
the time of pouring the mold temperature had risen to
the range 200-250°F by conduction from the crucible and
housing.

The argon pressure of 2 psi was maintained for 5 minutes
after casting to allow ample time for solidification.

At the end of thls period the apparatus was disassembled
and the ingot was removed from the mold.,

The oruciple and stirring rod were cleaned by immersing
them in dilute hydrochloric ascid until the alloy which
remeined on them was dissolved, They were then rinsged
in water and dried. The molds and houeing were cleaned

at leas frequent intervale.
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APPENDIX I

TABLE

XIX

SUMMARY OF INTENDED COMPOSITIONS, CHEMICAL ANALYSkS

AND EXTRUSION CONDIYIONS FOR EXPERIMENTAL MAGNESIUM-

LITHIUM BASE TERNARY ALLOYS

Com oszgfggd?%ei t)

Alloy Mg/ﬁi hird
Number  Ratio % Li Element
L—l& L,67 17.6 -
L-15 8.9 1040 -
L-16 5.7 15.0 -
L-17 7.85 11.0 -
L-18 33.7 2,0 -
L-19 19.0 5.0 -

L-20 11.5 8.0 -
L-21 7.3 12,0 -
L=-22 8.0 10.6 5.0 Al
L-23 8.0 10,0 10,0 Al
L-24 8.0 9.4 15.0 A1
L-25 8.0 8.9 20.0 Al
L-26 10,0 8.5 5.0 Al
L-27  10.0 8.2 10.0 A1
L-28(a) 11,5 8.0 -

(A) See notes at end of table.
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Extrusio?
Anslyees (Wt.) Conditions (B)
. Third Force Temp.
% L1  Element (kips) _°F
1.05 - 85,0 700-750
L,8 0.0
u.gg(i) 7 700~750
11.85(3) 700-75
10.25, 4,65 Al 2. 00-750
1023 () 5 32,5 700-75
- - 54,5 700-750
- - 64.5 700=750
8.5 18.9 a1 80.0 700-750
8.4k L,65 A1 45,0 700-750
- - 74.5 700-750

.



Intended& Extrusio?h)

Composition (Weight) Analyses (Wt.) Conditions‘f/!
Alloy Mg /L3 Third . hird Force Temp.
Number Ratio %L1 Element £ Li  Element (kips) _ °F

1-29{a) 7.3 12,0 - - - - -

L-30(®) 7.3 12,0 - - - - -

L-31 10.0 7.8 15.0 A1 - - 89.5 700-750
1-32(¢) 10,0 7.3 20,0 Al - - - -

L-33 10.0 8.9 2.0 Zn - - 67.0 500-550
L-34 10,0 8.7 4,0 Zn - - 75.0 500-550
L-35 10.0 8.5 6.0 Zn - - 81.0 500-550
L-36 10,0 8.4 8.0 Zn 8.2 7.96 Zn 86.0 500-550
L-37 8.0 10.9 2.0 Zn 10.7 2.03 Zn 42,0 500-550

B
L-38 8.0 10.7 4.0 Zn 10,65 - 46.5 500-550
L-39 8.0 104 6.0 Zn 10.75 - 51.5 500-550
L-140 8.0 10.2 8.0 zn - - 61.0 500-550
L-b1 15.0 6.25 - 2,61 - 65.0 700-750
L-42 15.0 6.1 2.02n  5.32 2.0 Zn 75,6 700-750
L-43 5.68  15.0 - %g:%?k) - k7.5 L50-500
L-lthy Lo 20,0 - i?'%fm - L7.0 L50-500
17.9(1)

L-45 15.0 6.0 4,0 Zn - - 80.0 700-750
L-l6 15.0 5.9 6.0 Zn - - 78.0 700-750
L-L7 17.0 5.9 - - - 78.0 700-750
L-48 17.0 5.8 2.0 Zn - - 89.0 700-750
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Intended Extrusio?h)

Composition (Weight ea (Wt,)  Conditions
Alloy Mg/l Third Third  Force Temp.
Number  Ratlo % Li [Element #Li  Element (kips) _°F
L-49 17.0 5.6 4,0 Zn - - 87.0 700=750
L-50 17.0 5.5 6.0 Zn - - 88.5 700~750
L-51 14,1 6¢5 2.2 A1 7.64 2.02 A1 88,0 700-750
L-52 17.0 5.6 4,0 L1 - - 96.0 750-800
L-53 - 17.0 5.5 6.0 Al - - 92.0 800-850
L-54 17.0 5.8 2.0 Al - - 90,0 750-800
L-55 15.0 6,1 2.0A1 5.1 1.87 AL 86,0 750-800
L-56  15.0 6.0 k.0 AL 4,70  3.87 AL 95.0 750-800
L-57 15.0 5.9 6.0 AL 3.56  6.14 A1 93,0 800-850
L-58 6.0 13.6 5.0 A1 1284, 5.06 AL  55.0 700-750
13.1(1)

L-59 6.0 12,9 10.0 Al - - 54,0 700-750
L-60 6.0 12,2 15.0 Al - - 54,5 700-750
L-61 6.0  11.4 20.0 AL - - 69.4 700=750
L-62(d) - - 5.4 AL - - - -
L-63(e) - 20,47 79.53 A1 - - - -
L-6k 6.0 13.6 5.0 Cd - - 37.5 500-550
L-65 6.0 12,9 10,0 Cd - - k6.5 500-550
L-66 6.0 12.2 15.0 Cd - - 53.0 500-550
L;b? 6.0 11.4 20.0 Ca - - 61.0 500-550
L-68 30.0 3.2 - - - 54,5 750-800
L-69 30.0 3.2 2.0 Al 1.93 1.65 Al 81.0 750-800
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Com osig_ggd%%ei 1t ) Anslyses (Wt,) Coﬁgfg gig?h)
Nomosr  Robls % Li gzﬁiﬁﬁt % Li £1 oment (kips) g5l
L-70 30.0 3.1 4.0 AL  2.75 3.65 AL  75.0{T)750-800
L-71 30,0 3.0 6.0 AL - - 89.0(%)750-800
L-72 99.0 1.0 2.0 A1 - - 61.5(g)750-800
L-73 99.0 1.0 4.0 A1 - - 67.1(8)750-800
L7l 99.0 0.9 6.0 A1 - - 72.0(8)750-800
L-75 - - 2.0 Al - - 59.2(8)750-800
L-76 - - 4,0 Al - - 75.0(8)750-800
L-77 - - 6.0 Al - - n7.1(8)750-800
L-78 - - 2.0 Zn - - 58.,0(8)750-800
L-79 - - 4,0 zn - - 61.6(8)?502800
L-80 - - 6.0 Zn - - 58,7(8)750-800
L-81 99.0 1.0 2.0 Zn - - 63.5(8)750-800
1-82 99.0 1.0 4oz - - 60.2(€)750-800
L-83 99.0 0.9 6.0 Zn - - 60.0(&)750-800
L-84 30.0 3.2 2,0 Zn - - 86.3  750-800
L-85 30.0 3.1 4.0 zn - - 83.6  750-800
L-86{e)  30.0 3.0 6.0 Zn - - - -
L-87 6.0 14.0 2.2 Zn - - 34.0 700-750
L-88 6.0 12.9 10.0 Zn - - 40,0 700-750
L-89 6.0  12.2 15.0 Zn - - 42.5 700=750
L-90 6.0 11.4 20,0 Zn - - 35.0 700750
L-91 8.12 11.0 - - - 50.0 450-500
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Intended _ Extmsio?h)
Compogition (Weight) Analyses éWt.) Conditions

Alloy g/Li hird hird Force Temp.
Numper Ratlo & Li Element % Li Element (kips) _ °F
L-92 9.0 10.0 - - - 54.0 450-500
1-93(1) - 7.2 67.5 Zn - - - -
p-oulm)  _ 134 e3.22n - - - -
L-95(n) - - 72,9 Zn - - - -
L-96 7.0 12,3 2.0 Zn - 1.8 Zn  70.0 L450-500
L-97 7.0 12.0 k4.0 Zn ~ - 90,0 1450-500
L-98 7.0 11.7 6.0 Zn - - 130.0 450-500
1-99 7.0 11.5 8.0 zn - - 120.0 450~500
L-100 7.0 11.2 10.0 Zn - - 100,0 450-500

L-100{0) 97,0 10.6 15.0 Zn - - - -

L-102 7.0 10,0 20,0 Zn - - . 190.0 450-500
L-103(¢) 8.0 10.0 10.02n - - - -
L-104(e) 8.0 9.8 12.0 Zn - - - -
r-105¢®) 8.0 9.5 15.02n - - - -
r106{¢) 8.0 8.9 2002zn - - - -
L-107(0) 10.0 8.2 10.0 Zn - - - -
L-108(0) 10,0 8.0 12.0 Zn - - - -
1-109  10.0 7.8 15.0 Zn 16.1 - 136.0 L50-500
L-110(¢) 10.0 7.3 20,0 Zn - - - -
L-111  15.0 5.8 8.0 Zn - - 148,0 550-600
L-112 15.0 5.6 10.0 Zn - - 14,0 600-650
L-113  15.0 5.3 15.0 Zn - - 140.0 600-650
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Alloy
Number

L-114
L-115(p)
L-116
L-117
L-118
' L-119
L-120
1-121
L-122
L-123
L-124
L-125(a)
L-126
L-127
L-128
L-129
L-130
L-131
L-132
L-133
L-134
L-135

YADC TR 52.)a

Intended
Composeition (W
ﬁgtig Ele;:gt
15,0 5.0 20,0 Zn
30.0 3.0 8.0 Zn
30.0 2.9 10.0 Zn
30.0 2.7 15.0 2n
30.0 2,6 20,0 ZIn
30;0 3.0 8.0 Zn
9.83 9.0 2.5 Al
8.28 10.5 2.5 Al
7.13 12,0 2.5 Al
10,3 8.5 L,o A1
7.27 11.5 5.0 Al
6.83 11,5 10.0 A1
6.73 11.0 15.0 Al
6.52 12,5 6.0 Al
6.36 12.5 8.0 Al
20,8 k.5 2.0 A1
31.3 3.0 3.0 Al
17.0 5.0 10.0 Al
14,0 6.0 10,0 Al
11.9 7.0 10,0 A1
- - 10,0 Al
1%

Anglyses (Wt.)

L1

9.85
11.75

7.95
10.3

-

Extrusio?
Condithenalh)

hird

T
Element

5.9 Al
5.3 A1

Force

(kips)
150.0
170.0
160.0
180.0
150.0
56.0
80.0
70.0
120,0
60.0
6k .0
100.0
6ls.0
60.0
150.0
160.0
160.0
180.0
174.0
140.0

Temp.
oF

600-650
550-600
600-650
600-650
600-650
500-700
500=-600
500-600
600-650
600-650
600=650
600-650
600=650
600-650
600=650
600=650
600=650
600=650
600-650
500="700



Third
Element

Al

EEBBEEBEEREE

& B

Al

Al
Al

B &

Intended
Compogit Welght,

ﬁi;ggr %itié £ L1
L-136 29.0 3.0
L-137(r) - 3k.0
L-138 1.64 19.3
L-139 100.0 8.5
L-140 - -

L-141 ~ 91.0 1.0
L-1hk2 7.73 11.0
L-143 16.0 5.0
L-144 23.3 3.5
L-145 15.0 5.0
L-1lbe 21.9 3.5
L-1s7{e) 5,33 15,0
L-148 5.20 15.0
L-149 5.07 15.0
L-150 3.80 20.0
L-151 3.70 20,0
L-152 3.60 20,0
L-153 Lk,67 15.0
L-154 k.33 15.0
L-155 3.25 20,0
L-156{0) 7.0  10.6
L-157(0) 8.0 100
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Extruslo
and;tio%g?h)
orce emp .

(kips) oF

100,0 650-700
164,0 600-200
100.0 650-700
160.0 650-700
160 .0 500-70C0

70.0 500-700
150.0 500-700
150.0 500-700
150.0 500-700
160.0 500-700
110,0 550-600

88.0 550-600
150,0 450-500
104,0 550-600
110.0 550-600

70.0 500-700

60,0 500-700

70.0 500-700



L-163
L-164

P S, P, I, S SN PN, N SN PN P PN, S, S, P, SN, SN, PN,
A ROTODSHHFKNwKHF DIlHO &0 TR
t” Ve Ve Vel St et i Vel el ¥ g ® Ve Nt N Vel stV s Van® Vg

Scrap.

Intended
Comvoaition (Weight)

Analyses (Wt.)

Extrusio?
Consitiong\?

Mg /L1 Taird

Retio % Li Elcment
8.0 9.8 12.0 Zn
8.0 9.5 15.0 Zn
8.0 8.9 20.0 Zn

10,0 8.2 10.0 Zn

10.0 8.0 12,0 Zn

10.0 7.3( 20.0 Zn

.30.0 3.0 8.0

Used for metallogrsphic study.
Alloy msde with the addition of 75 LiCl-25 LiF flux.
Not extruded.
Intended to be Mgy7Alq2 phase.
Intended to be AlLZ ﬁ
Extruded to 0,170" diameter rod, extruslon rastio 75.
Extruded to 0,250" diameter rod, Bxtruslon ratio 36.
Extrusion conditions for extrusion to 0.125" dlameter rod,
extrusion ratio 144 except ss noted.
Ansalysls since last final report,
Anelysis since last final report, 1-3-50.
Anslysis since last final report,
Intended to be MgLiZn phase.
Intended to be MgLi2Zn phase.
Intended to be MgZn.

Logt in homogenization.

Poor castling - scrap.

Not ms
Intended to be AlLi2.

phase.

de,

WADC TR Ho-ll 1

% Li

Tahlrd
Element

Force Tempe.
(kios) oF

11.7 Zn
11.7 Za

7-27-50.

3=7-50.

€0.0 500-700

60,0 500=700
60,0 500=700
60,0 500-700
60.0 500-700
70,0 500-700
150.0 500-700




APPENDIX III

CALCULATION OF LATTICE PARAMETERS
FOR HEXAGONAL CLOSE-PACKED STRUCTURES

Asgigning Indices to Low-Angle Transmiseion Lines

For normal HCP patterns (c¢/a = aporox. 1.62), the order

of sopnearance of lines on the film is as follows:

(100) (102)
(002) (110)
(101) (103)

These lines can be readlly sssigned proper indices by
inepectlon or by comvaring measured and calculsated 81n20 values for
tentative asslgnment of indices.

Note: The structure factor = O, Hence, there is no diffrsction
line if L = an o0dd integer and (h+ 2 k) = 3 n, where n =
?B 1, zi)B, ---- for a normal HCP plane of indices
k L4 . °

Colculstion of Avnroximste 20 Value

Use ein20 valuees (from film measurements) for two lines
of known (h k¥ « L) as determined in the firgt section of this
Aovendix III above, for which L = O such as (100) and (110).

The basic equation is:

2 2 + + %2 + 1.2
sinZO = '%- [g- (h 1’21k k ) %
8 0

Then

Q

2 2
8in0(y10) =~ 81n(100) =
A (02 4+ e+ k), - (62 + K2 +
382 110 hk)100
0
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Solve thig for %o

Caloulation of Approximste So Value

Use measured sinzb values for two known lines of similar
h and k values such as (101) and (102).

Then:

2
A2 2
81020 (105) - 810%0(107) = fo2 [Lz(lOZ) - L (101)]

Solve thig fopr Co

Note: For lines where the Ketj, Kox 2 doublet 1ie rgzt regolved,
use a wave length A obtalned by weighting A oty twice
ae much as Aotp, since darker part of the line will be
nearer the ok position.

Thus, A = & [2 Ao, + 7\°<2]

Assigning Indices to Back-Reflection Lines

The basic equations are:

1_ 4 2+ me+ 2] . L 7%
? 3 -ag Co

d = A
sin

Then!

1/2
\ b o2 2 2
B.o = sin [5 (h + hk + k ) + (L°—7——o ao)Z]

To use this equation with known A (see note above) and

measured sin @ values:
a. Insert approximate values for a, and co from II and III.
b. Since h, k, L and (h® + hk + X2) must all be integral
values, assume L = 0, 1, 2, 3, <--- etc. successively and

from the above equation for each value of L, calculate the
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value of (h2 + hk + k2),
C. At the correct value of L for the line in question,
(n? + hk + k2) will be an integral value (or very close
to it) and the proper h and k values can be assigned for
the line by inspection.
Example of Method:
Unknown line has © = 50° (measured from film), approxi-
mate ap = 3.20, 69/ay = 1.62 (calculated from tranemission lines),
A = 1.5387.

1/2
\ _ 1.538 b (n2 2 L?
Then: 3.20 = 32 ype |5 (b + Bk + X°) + (1.62)%]

For L = 0, (h® + hk + k2) = 7.7
L=1, * = 7.4
L= 2, " = 6.5
L =3, v = 5.,1) Nearest to
integral

By inspection, L cannot = 3 becaise no integrsl values
of h and k can meke (h2 + hk + k2) = 5. Therefore L must = & and
h=1, k=1; (h?2 + hk + k2) = 3,

Thus the unknown line at © = 50° ig (11+4).

Determination of Accurate 89 and Co Values from Back-Reflection
Lines

Use any two lines for which indices have been determined
as above but preferably of highest possible 9 values for which

messured sinQ values can be obtained.

The basic equation is:
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4in20 (n2 + hk + 2) + L2
a2 2
0 o)

For any two lines of known indices lnsert known values
for:
8inQ
(a2 + hk + k?2)
L2

end solve the two resulting equations slmultaneously for 80 and Co.
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APPENDIX IV

METALLOGRAPHIC TECHNIQUE FOR MAGNESIUM-LITHIUM
BASE TERNARY ALLOYS

Specimen Mounting

The successful use of mlicroscopic examination of
quenched specimensg as a method Por establishing phase boundaries
depends on the retention, at room temperature, of the equilibrium
microstructure obtained at some elevated temperature of interest.
Since the 1/8¢% diametér wire specimens required mounting for
handling, 1t was necegsary to consider gpecimen mounting pro-
ceduree which would minimlze the slteration of the euenched con-
dition by reheating during this preparation for polishing.

The use of lucite and bakelite, curing under pressure -
end in a temperature renge spproximately 130 to 175°C (266-345°C),
were consldered as second choice methods. Solders, waxes, mix-
tures of litharge and glycerin snd clamp type mountings all have
limitations in usefulness as a medium for gpecimen mounting.

A solution to the problem was found in the use of
iSelectron 5003'(3), a thermosetting reasin capable of being
"oast® to hold any shape of* specimen without pressure, curing at
room tempersture. Mounts of cured "Selectron® develop a hardness
similar to lucite, respond to rough préparation gimilar to bake-
lite, have good melting characteristics for edge preservation,

develop a high polish, are reslstant to most commonly used etch-

(a) Commercisl Trade Name, produced by Pittsburgh Plate G
Co., Pittsburgh, Pa. e gh Plate Glass
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ents and do not require elaborate equipment for processing. The
most significant dlsadvantage - the much longer time required to
cure the mount than one of the phenolic resin type - can be off-
set to some degree by the simultaneous preparation of any number
of mounts at one time. In practice, when making a large number
of mounts, the method is considerably faster than lusite or bake-
lite mounting.

The principal steps in the mounting operation are out-
lined below.

1. A suitable mold for casting YSelectron’ around specimen
sections was found to be NO 101 Dixie cups, a small waxed
paper cup approximately 1" dlameter at the bage and
1 1/2% high. The polymerized mount is removed easily -
from this expendable and inexpensive cup.

2. Seleotron 5003, a syrupy liquid, is mixed in the pro-
portion 100 ml. Selectron to 5 ml. of a catalyst,
tertlary butyl hyiroperoxide, Just prior to use.

3 The mixture is "cast¥ into the mold with the trangverse
and longitudinal sections to be examined in position in
the cup.

k. The casting reein will polymerize at room tempersture
in a perlod of twoto three daye leaving a tacky surface
layer which may be removed easily. Although not de-
sired for the phase boundary study, polymerization may
be accelerated by heating to a low temperature. For

example, a mount may be cured in approximstely & hours
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at 80°C (185°F).

A photograph of the resin, catalyet, mold and completed
speocimen is shown in Fig. 34,
Rough Preparation

The mounted speclmens are drawn ln one direction across
a sharp file similar to the type used for filing soft metals (for
example, an automobile body bumping file). The extremely sharp
teeth and the wide spacing simulate a microtome effeet and remove
the effeots of distortion resulting from the sawing operation,
The file 1g cleaned frequently with a file card during the opera-
tion,

When a flat surface has been obtained the specimens
ere ground successiveiy -on #1, #1/0, #2/0 and #3/0 dry metallo-
graphic emery papers using a few drops of paraffin dlgsolved in
kerosene as a lubricant to prevent smudging and surface &istortion.
Specimens are drawn 1ln one direction acroms the papers placed over
a plate glass for support and the operation 1s continued only
long enough to remove the evidence of the preceding operation.

Specimens are then washed in goap and water to remove
the lubricant and abrasive particles.
Rough Polighing

Rough polishing is accomplished on é "Vel-Chamee (8)
cloth charged with a water suspension of #600 slundum flour, to
which is added 50 ml. of liquid sosp per liter of suspension.
The abrssive 1s flooded on the wheel during the operation whicn

(a) igppﬁi;@ by John Ritzentheler, 73 Franklin Squsre, New York
» ede
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CA3TING RESIN r -

SPECIMEN SECTIONS
ARD MOLD

Figure 3}

Materials recuired for preparing a specimen for microscopic
examination and polystyrene resin at room temperature and without
pressure.
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requires epproximately 10 seconde at a speed of 1200 RPM. Speci-
meng sre ringed in absclute alcohol, blown dry and examined under
the microecope.
Final Polighing

The most succeseful procedure for finsl polishing mag-
nesium-lithium base alloys employed a suspension of "Linde A% -
5175 glumina(8) on & "Vel Chamee® No. 5 wheel cloth at approxi-
mately 400 R.P.M. A suepension of U4 grams of Linde A in 500 ml.
of distilled water was a standard abrasive, to which was added
25 ml, of 1liquid sosp for lubrication. The gpecimen was rotated
slowly for approximately 10 seconds in a direction counter to the
wheel rot#tion, using a relatively heavy pressure and relaxing
toward the end. A thin stream of distilled water was directed
toward the base of the specimén, the specimen was 1ifted into the
gtream, transferred rapidly to an adjacent alcohol rinse and
blown dry with clean compressed alr. |
Etching Magneglum-Lithium Bagé Alloys

Tﬁe genersl procedure for etching was to employ an
immersion technique for a controlled length of time. All eolu-
tions used up to thie time were at room temperature and specimens
were agitated continuslly while immersed. After etching, speci-
mens were transferred lmmedistely to a small stream of absolute
ethyl alcohol and blown dry with filtered compresgsed air,

The singly most important type of etchant for thesge
alloye was "acetic pleral" of the following "stendard' formula®

(a) Bupplied by Linde Air Products.
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100 perts of 6% (by weight) pirilc acid in absolute
ethyl alcohol
5 parts of glaclal acetlc scid

10 parts of distilled water.
This solution was applied to all alloys in an examinstion of
gtructure and it was rouhd to be generally applicaeble to magnes-
ium-lithium-aluminum and magnesium-lithium-zinc alloye to reveal
grain boundaries and distinguishéd between alpha and beta phases.
The etching characteristices of standard acetlc picral for the
phases present in thesge two systems iere as follows:

1. alphs phase- gppeared clear and white, unstained,
usually twinned and with fair td good definition of
grain boundaries. _

2. beta phase - sppeared in varioue shades of brown to
blue-blaek, usually attacked and stained. Grain boun-
daries were vigible in most ocases.

3. intermediate phases - in either of the two systems the
intermediate phages were clecar, ilvory white, unattacked,
usually heavily outlined from the matrix and unattaocked,

One serious limitation of thlgs etchant was the inability to pro-
duce a coler distinction between the alpha phase and the inter-
médiate phases. A congiderable amount of time was devoted to a
study of various modifications of the gtandard acetlc pioral as
well as to the development of additional types of etchants te
distinguish between alpha and intermediaste phases. The results

of these developments are described geparately for each system,
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Etohihg Magnesiun-Lithiun-Aluminum Alloys

A modification of the standard ploral-scetic solution
was developed which produced a clear distinotion between the
alpha and intermediate phases in oeertsin ranges of alloy composi-
tion. The modification was the additien of 10 ml. of a 10%
aqueous solution of tartaric acid to the standard picral-acetic
acid solution. These results have been observed: |

1. alpha phage - appeared various shades of grey to pink,

2, Dbeta phase - appeared dark blue-brown to black.

3. Aintermediate phage - appeared clear to white.
This color distinction between the two clear phases was of con-
glderable value in promdoting the ease and accuracy of estimating
the extent of the intermedliate phase present. A comparison of
the etohing effect of standard acetic picral and tartaric sacid
modified acetic ploral 1s shown in Figs. 35 and 36,

The tartaric acid modifled eolution was found to be
the most ueeful in cases where alpha, beta and AlL1 phases were
present simultaneously. When the beta phase was sbeent, etching
times became excesslvely leng. As a general observation, it is
believed that the maln use of the tartaric acld addition will
be to supplement the observations of the standsrd picral acetio
acld reagent when AlLi phase is present.

An etchant composed of:

10 psrts of 48% HF
90 parts of distilled water

was used to provide contrast between the phases alpha and
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Neg: 21,9 fare 500Y

Srec: MA9L Stch: 100:5:10 Pieral:
Clacial Acetic ieid:
Vater, 8 sec.

Longitudinal section of 2lloy 1-26 (mrgnesinm=8,04 lithium=4.65
aluminum) heat treated 72 hours at 500°" and r~uenched in kerosene,
The beta phase aprears dark, 'The alnha snd intermediate phases
appear light, not clesrly separated,

Neg: 248 liags 500X

Spec: M69), Etech: 100:5:10 Picral:
Glacial Acetic Acid:
Water plus 10 ml. of 10%
tartaric acid,

Same structure as shown in Figure 35. The modified solution pro-
duces a color distinction between alpha and the intermediate phase,
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Mgy oAl z. With this etchant the phase MgjsAly, was colored light
bréwn and the alpha phase remained white. A dark product of the
etohing reaotion tended to form in excessive amounte at the alpha
grain boundaries. When the etchant was applied to alioyu ocon-
taining the AlLi phase, the AlLl particles were not clearly re-
solved,

In order to produce a distinction bctween,the}phases
AlL1 and MgynAlyp when oceurring in an alpha mairix, an etchant
was developed containing the following:

100 parts of 10% tartaric acid in water
5 parts of glaclal acetic aocid.

This etchant colored the alpha phase gray while the MgjsAly, and
AlLi particles remained oclear and white, The Adiaetinction be-
tween AlL1 and Mg)7Al,, phases was on the basis of surface at-
tack at the boundaries between thege phases and the alpha matrix.
The boundary between the alpha and Hgl71112 is sharp and clear
while the boundary between the AlLl partiocles and the alpha 1is
rough and irregular, giving a mottled appearance. One limitation
of thie etchant 1s that a product of the etching reaction tends
to’forn in excessive amounts at the alphs grain boundaries,

S8tandard acetic pleral was ugsed with some guccess on
alloys containing the phases alpha, AlLi, and Hgl7A112. The
alpha phase was colored pink and orange while the intermediate
phases remained clear and white. The AlLl particles were at-
tacked heavily at their boundaries. The Mgl7A112 areas were
evenly and distinctly outlined.
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At the present time no single etchant has been found
which will distingulsh clearly the phases alpha, Mg17A112 and
,AlLi when present simulteneously. This distinoction becomes in-
ocreasingly difficult when the relative amounte of the two inter-
mediate phases are small. In this situation the procedure was to
use several etchants (acetic picral, tartaric-acetic and HF in
water) and to estimate the kind and mount of phases present under
each condition of etching., This method was considered to give a
reasonably accurate estimate of the phase distrioution.
gtching Magnesium-Lithium-2Zine Alloyvs

In general, the modified standard acetic-picral eolu-
tions used in the magnesium-lithium-eluminum system were not ap-
plicable in this systenm,

The uge of standard.acetic-pioral for alloys having a
predominantly beta structure was not suitable due to severe
staining of the beta phase. For these alloys the following
etechant was useful:

10 gm. salicylic acid
100 ml. ethyl alcohol.
The etching charscteristiocs of the sslicylic acid solution were:
1. slpha phase - clear, white, unattacked without grain
boundary definition or revelatlon of twinning planes.
2. Dbeta phase - light brown without stainingj good grain
boundary definition.

3. MgLliZn phsse - clear, white, unattacked,
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The following etching solution was developed to detect
small quantities of MgliZn, even in the presence of the alpha
phase.

100 ml. HyO (dietilled)
1 gm. KMnOy
10 drope . H2804 (concentrated).
The characteristics of this etchant were as follows:
1. alpha phase -~ shades of graylsh-blue; stalined.
2. beta phase - blue-black to black, heavily attacked
and steined.
3. MgLiZn phase - white, unattacked, heavily outlined.

The permanganate solution; because of 1ts vigorous
action on the alpha and beta phases, was used only to supplement
the information obtailned with the standard ascetic-piersl and
salleylic acld solutions. It wae observed that potassium per-
manganate decomposes when added to an alcoholiec solution eo it
could not be used as an addition to standard acetic-pioral or

the salicylic acid solutions,
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APPENDIX V

DETAILS OF CONSTRUCTION OF MODIFICATION
OF ELECTRICAL RESISTIVITY APPARATUS

Specimen Contsiner and Container Cover

The original container, contalner cover and contaliner
sealing system was replaced by a completely new cover and a re-
viged gealing flange construction.

Considerable thought was given to the selectlion of an
éluminum alloy for the cover and top sectlon of the specimen
container., Alcoa slloy #356 (Al-7 Si-3 Mg) was chosen as having
the best weldability and retention of strength at elevated tem-
peratures,

A section of the original container extending approxi-
metely 2 in. below the top was removed and a new sectlon, machined
from an annulsar cast ring of alloy #356, waswelded to the original
28 alloy contalner. The whole operatlon was planned so thet no
change in the original overall dimenslons would result from the
modifications. The new cylinder top section was made 1/16"*
greater in wall thickness then the orliginal container so that
more contact area would be avallable for gasketing between the
cover aend contalner. Detalls of the modified contalner are shown
in Fig. 37.

Studs for securing the cover to the contalner were
1/4% - 20 X 2" gtalnless steel machine écrews with the heads

removed., Eight studs were pleced around the clroumference of
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FIGURE 37

SEALED ALUMINUM SPECIMEN CONTAINER FOR ELECTRICAL
RESISTIVITY APPARATUS
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the cylinder at intervals of 45°, This arrangement was con-
gldered to give the optimum seallng pressure without weskening
the container or depleting the gasket area excesslvely.

A new, solid ocover for the speclmen contalner was
machined from a cast disk of alloy #356 to replace the original
cover. In.order to secure the best possible sealing conditlions,
the cover was recessed into the contalner and a fit of very
¢lose tolerance was maintalned between the cover and gpecimen
container wall. A gingle hole was made in the cover, drilled
and topped for 1/2% gteel pipe, to receilve a nipple containing
electrical eircult wiree and ges inlet plipe. Refer to Fig. 37.
Electrical Terminal Head Assgembly

The original system of electrical circult wire leads
from the container wag replaced with a completely enclosed pipe
pot-head system. The electrical connections were led, by the
pipe system, to a point sufficiently diestant from the container
cover, so that temperatures wers low enough to employ soldered
wire {erminals. An assembly drawing of the system 1s shown in
Fig. 38 and a photograph of the completed constructlion is given
in Fig. 12.

Referring to Fig. 38, a 1/2 in. x 4 1/2 in. gtandard

pipe nipple was mounted vertically in the gpecimen container!
| cover snd wes connected at the opposite ehd to a 1/2 in. standard
pipe "tee'. A 1/2 in. standard pipe plug with a centrally lo-
cated 3/16 in. diameter hole was inserted into the verticsl out-

let of the “"tee', A sturdy, ges-tight atmosphere inlet plpe was
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2% SECTION OF 3" STEEL PIPE
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introduced by silver soldering a length of 3/16" dlameter copper
tubing into the plug. The tubing was cut such that the length
reached Just to the bottom of the specimen contsiner when the
cover wag securely bolted down. This arrangement allowed the
flushing action of the protective atmosphere to sweep from the
bottom to the top outlet of the specimen contalner.

The lateral outlet of the "tee' waé fitted with a de-
mountable plpe extenslon system composed of a 1/2 in. x 2 1/2 in.
etandard nipple, a 1/2 in. etendard union, and a 1/2 in. x 3 in.
standard nipple. Such a unlversal type coupling was congidered
necegsary to facilitate placement of the cirbuit wires without
unnecessafy twisting when closing the pipe Joints. The final
nipple terminated in s gas-tight pot-head into which gll elec-
trical and thermocouple‘leada.were led,

The pot-head was designed to be demountable 1in order
to facllitate the ease of repalr and modificstion., The unit wae
constructed from a section of 3 in. etandard steel pipe, 2 1/2 1ﬁ.
long. Two éteel annular flanges, 1/2 in. wide and 1/8 in. thick
were brazed to the steel pipe. A pipe inlet from the contalner
was made by drilling a 1/2 in. hole in the slde of the pot-head
snd brazing a portion of a 1/2 in. standard pipe coupliné in
position. Cover plates for the faces of the pot-head, 3 1n. in
diameter, were machined from 1/16" hard-rolled brass sheet. These
covere were centrally located on the annular flanges and were
held in place by No, 6=-32 x 1/2 in. long machine ecrews placed
at intervals of 45°, The flanges were drilled and tapped to
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receive the mochine screws at the proper positions. Sealling be-
tween the cover plates and flanges was obtalned by using 1/16 in.
“Vellumoid“(a) gheet gesket material: washers under the oover
screws alded in glving an even pressure distribution on the gas-
ket over the flenge area.

Gas-tight electrical terminals were obtained by ueing
stock type hermetic seals recessed and soldered into each of the
cover plates., Twelve outlet taps for the potential measuring
circuit were located on the front cover plate through a 20 con-
ductor "Fusite® (D) hermetic sesl fitted with a keyed bakelite
connector. Thls arrangement permitted ease of demounting the
apparatué while maintaining ildentity of the measuring ocircuilts.
Current input and thermocouple leads were brought through four
individual hollow tube hermetic seals on the back cover plate
of the pot-head. The terminals were sealed to the cover plate
by careful heating and ailowing soft golder to fi1ll the tube
after the wlre was projected through,

A gas escape mechanism on tne glde of the pot-head was
provided in the form of en 1/8 in. brass needle valve fitted
into a tapped hole. With thie device, flushing actlon and rate
of gas flow wag obgerved by connecting the outlet side of the
needle valve to a wash bottle,

A relatlvely low temperature was meilntained at the pot-
head to prevent damege to the hermetic seals. This wse done by

_sa) Mfg. by the Vellumoid Co,, Worcester, Mass.
b) Mfg. by the Fusite Corp., Cineinnati, Ohio.
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a water cooling coil of 12 turns of 3/16 in. dlameter ocopper
tubing formed around the 2 1/2 in. length of pipe.
Reviged Specimen Holder Asgembly

A completely new specimen holding bracket was designed
and built to provide a rugged and more easlly used mount than the
original holder. An assembly drawing of the improved specimen
holder 1s shewn in Fig. 39. '

The foundation of each unit was a bleck of 'Transite'(c)
1/2 in. x1 in. x1 1/% in, A 5/32 in. groove was cut the entire
length of each block to provide a uniform seat for the 1/8 in.
diameter extruded rod gpecimen uged in the determinations.

The eleotrical contacts to the specimene were made
through two individusl, insuleted, brass attachments fitted to
the transite block. Current las passed through the specimen ends
by a small brass fitting with a hole concentric with the groove
in the block and through which a brass thumb-screw appllies posi-
tive pressure contact to the specimen., Refer to Fig. 39. The
potential tap was made in the form of a sharply pointed and car-
burized No, 2-56 x 5/8 in. long machine screw pro jecting down
through a small brass plate mounted directly over the specimen
groove. Fastenings on the "Transite' blocks were made with No,
2-56 gtalnlesgs steel machine screws.

The specimen mounts were fastened to the flat surfaces
of a hexagonsel, 28 eluminum block which was, in turn, securely
fastened to the cover of the container to project 5 7/8 in. into

(¢) Bonded Agbestos Sheet, Mfg. by Johns-Manville, 270 Madison
Ave,, New York, N.Y.
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the container. Refer to Fig. 37. The specimen mounting blocks
were fastened with No. 6-32 x 3/4 in. long machine screws to each
of the sldes of the hexagon at a carefully gauged length of 2 in.
between potential taps. To sssure complete lngulation of the
specimens from the support block, each mount wss placed on a mica
sheet which projected back sufficiently to shield the current
connector from the aluminum base.

The current connectors were wired in series with 0.064
in. diameter solid copper wire fastened by washers under the heads
of the current connector retalning screws. Two wires of 0.032 in.
diameter 801id copper were fastened to the potential tsp bars, one
to each end, and then led through "Transite' stand-off insulators
to the pipe exit in the contalner cover.

Electrical insuletion for the current and potentlel
measuring circuits was secured by using “Varglas“(d) woven glass
fibre tubing of proper wire slze, ocapable of withstanding témpera—
tures up to 1200°F, Additionsl protection was provided for the
wires passing through the pipe exit eystem by wrapping the entire
length with several turns of 1 1/2 in. woven asbestos tape.

A Chromel-Alumel thermocouple, for determining internsl
container temperature, was mounted on one of the Transite blocks
and projected 3 3/4 in, down into the container. The couple 1s

fibre-~glass insulated wlth a porcelaln tube at the welded end.

(d) Mfg. by Varflex Corp., Rome, N.Y,
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APPENDIX VI

EXPERIMENTAL PROCEDURE FOR PREPARATION AND
EVALUATION OF LOW ALLOY CONTENT MAGNESIUM BASE ALLOYS

Melting and Alloying
All alloye were melted and alloyed in Tercod crucibles

in a gas-fired furnsce. Melt slzes averaged 3500 grams (7.7
pounds)., The magnesium used was Dow Pure notched ingot. The
charge was protected snd refined with Dow 310 flux, The general
ﬁrocedure wag to melt down the magnesium under flux, ralse the
melt temperature to 1350~1400°F, mske all alloying additions at
the same time as the element (or as discussed below) and immedi-
ately begin stirring for two minutes with a graphite or plain )
carbon steel rod. After the stirring operation any méssive ac-
cunulation of flux on the melt surface was removed and fresh flux
was eprinkled lightly on the surfsce. Melts were usuaslly super-
heated to approximately 1500°F to permit better separetion of
non-metsllics, removed from furnace, cooled to the pouring tem-
perature range 1325-1350°F, and cast into ingot slabs for rolling
into sheet. The tempersture of the melting procedure in ell
phases was controlled by means of a chromel-alumel thermocouple
1mﬁ§rsed in the melt in a steel sheath. A spectrographic pencil
was caest from each hest.

The melting and alloying procedures recommended by the
Dow Chemical Company were followed as closely as possible. Speci-

fic detalls for alloying procedures used are summarized below.
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1.

2,

Zine was added as New Jersey Zinc Horsehead Specisl,

99.99 + % zinc.

Cerium wes added as Cerium Standard, approximately 50%

cerium, the bal snce being other rare earths and the

order of 1% iron. The procedure followed was:

a. Ueging Dow 310 flux, skim and sludge (if neceseary)
prior to msking additions.

b. Add Cerium Standard at 1350°F, together with other
additions, if any, by placing in a hand ladle and
washing gently below surface until diasolved.

c. Stilr thoroughly for at leaet two minutes and ralse
temperature of melt to 1450°F,

d. Dust lightly with Dow 310 flux.

e. Hold 15 minutes at 1450°F, remove from furnace and
cool to 1350°F.>

f. Pour at 1350°F,

Zirconium wae sdded either as (a) zirconium sponge or

(b) dense zirconium tetrachloride,

8. Based upon recommendatione from the Dow Chemical
Company, Magneslum Dlvisgion, an experimental pro-
cedure was egtabllished for lntroducing the zircon-
ium gponge in maegnesium,

A small quantlty of zirconlum sponze was obtalned
from the U,S, Bureau of Mines in the form of a com-
pacted cake approximately 3 1/2 in. diameter end 2
in. thick. The cake was broken into asmall pileces
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with a hammer and sized according to the following

gchedule?
Size Diaposition
Greater than returned for further
1/2 in. breakdown.
1/2 in, to used for slloying in
1/8 in. magnesium. This fraction
was stored in a tightly
sealed contaliner,
Less than stored in a tightly sealed
1/8 in, contsiner and not used for

alloying.

The following procedure was followed in alloying

magnesium with zlrconlum sponge:

1.

Dow Pure was melted under Dow 310 flux and

the melt temperature was ralsed to 1400°F

and controlled at this temperature as closely
as possible,

The sponge addition was welghed and placed in
a cup-type ladle previously preheated to a

red color. For & msgneslum-1l,0 zirconium com-
poeition a 3.2% sddition of sponge was made,
The flux was pushed back, the ladle was in-
gerted and wss withdrawn immediately, holding
e small quantity of melt in the cup. The cup
was reasted against the orucible wall above the
melt and the melt helper stirred the tiny melt
in thie cup ladle with a pointed steel bar for

approximetely 30 seconds., The ladle was egaln
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5.

immersed to obtein a fresh portion of melt
and the stirring was repeated. This cycle
waé continued until all of the sponge was re-
moved from the cup, During this operation
burning in the cup was controlled by quench-
ing in the main melt, where Dow 310 flux was
added when needed. An attempt was made to
hold the melt temperature at 1400°F during
alloying.

Followling the introduction of zirconlum, the
melt was dusted lightly with Dow 310 and al-
lowed to stand quietly for 15 minutes in the
furnace at a temperature of 1400°F, This
temperature was maintained as constant as
possible.

The cruclble was removed from the furnace, the

melt was cooled and finally poured at 1350°F,

Addition of zirconium by means of dense zirconium

tetrachloride,

The following genersl procedure was used in the

addition ofr zirconium by means of dense zirconium

tetrachloride:

1.

2,

Welgh:the galt and then preheat it for two
houre at 175-200*F wrapped in 0,002 in.

aluninum folil.

Melt magnesium under Dow 310 flux and hest
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to 1400 * 25°F,

3. Skim the melt.

k, Immerse the foil-wrapped sait below the sur-
face of the melt at 1400 * 25°F, using Dow
#310 1iberally to control burning. Allow two
minutes for bubbling condition to stop and
then stir for three minutes.

5., Skim and duet with Dow #310 flux.

6. Hold the melt at 1400-1425°F for fifteen
minutes  allow time for settling out of flux.

7. Remove from the furnsce. Cool the melt to
1350°F and then pour 1it.

Two modifications of this method were made. The

use of aluminum foll was dilscontinued as aluminum

reduces the solublllity of zirconium in magnesium,

Also, preheating of the salt was omitted as un-

necesgary and perhsps detrimental. When the salt

was preheated a distinct odor of hydrochloric acid

was obgerved as well as a change in the surface

eppearance of the salt. The zirconium tetrachloride

wag stored 1n a sealed Jar to prevent reactions with

molgture in the air.

Casting Ingots for Roll ing

Ingots for rolling were cast in o graphite mold in which
two ingbts were cast at one time from a single sprue using a large

vertlcal riser over each ingot. The bottom surface of the ingots
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cast in this mold became progressively roughened and porous so it
was consldered necegsary to make a permenent cast iron mold. The
principle of bottom feeding from a well of metal at one end of
the ingots was incorporated.in the design of the new mold. In ad-
dition, a perforated steel screen was placed vertlcally in the
sprue to screen out}possible oxide or flux incluelons but this
gereen was digcontinued after several trials. The surfaces of
ingots cast in this iron mold were conéietently better than thoge
ingots cast 1n the graphite mold.

Rolling Procedure

The slabs were homogenlzed 16 to 20 hours at the tem-
perature selected for hot rolling. All rolling was done on a
3 in. x 5 in. Oliver mill running at a congtant apeed of 16 1/2
feet per minute. The roll temperature wss maintained constant at

- 400°F during all hot and warm rolling operstions by means of gss
flames manually regulated.

Warm rolling was carried out at L00°F in the case of
magne slum-zinc—-cerium slloys and at 500°F in the case of magnesium-
zirconium alloys. Stock for warm rolling was hot rolled to 0,200
in., air ocooled, and.later heated to the warm rolling temperature,

In generel, slabs were reduced to 0,200 in. on a
schedule of constant draft. From 0,200 in. to 0,064 in., the
slabs were reduced by a constant percentage of reduction between
reheats. BSheet to be cold rolled was reheated one hour at the
rolling temperature, air cooled, pickled and cold rolled 15% re-
ductlon at 0,001 in. per pass to the final thickness,
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Thermgl Treatment

Temperatures for annealing and strese relleving were
determined from a recrystallizetion curve plotted for each con-
dition of rolling for each composition. The heat treatment tem-
peratures were selected %o finlsh sheet in the followlng conditons:

1. "Stregs-relieved' at a temperature'near the lower limit
of the recrystsllization temperature range. Identified
by "s" in alloy designations.

2. "Low temperature annesled” in the approximate middle of
the recrystallization temperature range. Identified as

"(L)* in slloy designations.

3., Y"High temperature snnesled" nesr the upper limit of the
recrystall ization temperature range. Identifled as

"(H)" in alloy designations.

Thermal treatment after rolling was cerried out on
hlanks sheared for later machining to test speclmens. The blanks
were compressed between flat plates during heating to flatten.
Cold rolled blanks were flattened when necessary by heating be-
tween plates for 1 hour at 250 to 275°F,

Mechanicel Testing

1. Hardness. Recrystallization curves were established by
Vickers hardness testing equipment using & 5 kilogram
load, Specimen prepsration for hardness testing was
carried through #3/0 metallographic emery paper. ’

2, Tenslle Testing. Specimens for tensile testing were

machined from blanks to a standard 2 in. gage length,
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0.505 in. wide in a 3 in. long reduced section and 3/4
in., wide st the grip ende. The sgpecimens were tesgted
in a Southwark-Emery hydranllic testing machine using
Templin Grips. Strain was measured with a Peters Ex-
tensometer in conjunction with a Southwark-Emery stress-
strain recorder. The yield strength was taken at 0,2%
offget on the stress-straln curve.

3. Compression Testing. Blanks were machined to 5/8 in.
wide by 2 5/8 in. long epecimens, These were mounted
in s fixture to prevent buekling and tested in a South-
wark-Emery hydraulic testing machine. Strain was
measured with a Peters Averaging Compressometer in con-
Junction with & Southwark-Emery stress-strain recorder.
The yleld strength was taken at 0.2% offset on the
stress-strain curve.

L, Notch Sensitivity Testing. Specimens ueed in the static

notched bend test were 0,062 in. thick (data were cor-
rected to thie thickness value by means of a nomograph),
1 in, wide, 3 1/8 in. long, with a 45 degree notch in
each edge located 3/4 in. from one end go that the dis-
tance between the roots of the notches was 0.50 in.

The radius at the root of the notoch was 0.030 in. Speci-
mensg were gripped 1ln sn Olsen Stiffness Tester such that
the roots of the notches were 1/8 in. from the clamping
bar of the vige. A load was applied 2 in. from the vige

and eimultaneous readings of percent of maximum bending

WADC TR 52-l41 173



moment and angular deflection in degreee were recorded

as the specimen was stressed to destruction. The fol-

lowing information was computed from the teet data and

tensgile test data!

e

d.

T.

Ultimaste Torque (in.-1bs.)

Ultimate Torque = % max. bend. moment x 40 in.-1bs.
Ultimate Bend Angle (Degrees); determined directly
from test data.,

Static Rupture Energy (in.-lbe.); obteined by
integration of total area under percent meximum
bending moment versus sngular deflection curve with
a planimeter,

Strength Factor = Ultimste Torque (in.-1bs.)

Ultimete Tensile Strength (kips
per square inch)

Ductility Factor = Ultimate Bend Angle (Degrees)
Tensile % Elongation in 2 inches

Toughness Factor = Static Rggﬁure Energy (in.-1bs.)
UItImate Tensile Strength x %
Elongation

Spectrographic Anglyses

Spectrographic angl yses, when determined, were made on

a Balrd 3 meter spectrogresph in conjunction with a Leeds and

Northrup Microphotometer and Speedomax Recorder. Specimens for

anslysis were 1/4 in. dilameter pencils 4 in. long cast Just prior

to casting each heat.
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0.505 in. wide in a 3 in. long reduced section and 3/4
in. wide st the grip ende. The specimens were tested

in s Southwark-Emery hydramllic testing machine using
Templin Grips. Straln was measured wilth a Peters Ex-
tengometer in conjunction with a Southwark-Emery stress-
gtrsin recorder. The yleld strength was taken at 0,2%
offsget on the stress-strain curve,

3. Compresgion Testing. Blanks were machined to 5/8 in,

wide by 2 5/8 in. long specimens. These were mounted
in a fixture to prevent buekling and tested in a South-
wark-Emery hydraulic testing machine. Strain was
measured with a Peters Averaging Compregsometer in con-
Junction with a Southwark-Emery stress-strain recorder.
The yield strength was taken at 0.2% offset on the
streass-strain curve.

k, Notch Sengitivity Testing. Specimens used in the static
notched bend test were 0,062 in, thick (data were cor-
rected to this thickness value by means of a nomograph),
1 in. wide, 3 1/8 in. long, with a 45 degree notch in
each edge located 3/4 in. from one end so that the dle-
tance between the roots of the notches was 0.50 in.

The radius st the root of the notch was 0.030 in., Speci-
meng were gripped in an Olsen Stiffness Tester such that
the roots of the notches were 1/8 in. from the clamping
bar of the vige, A load was applied 2 in. from the vige

and simultaneous readings of percent of maximum bending
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moment and anguler deflection in degrees were recorded

as the specimen wae etressed to destruction., The fol-

lowing information was computed from the test data and

tenslle test data:

8.

Ultimate Torque (in.-1bs.)

Ultimate Torque = % max. bend. moment x 40 in.-1lbs.
Ultimate Bend Angle (Degrees): determined directly
from test data.

Static Rupture Energy (in.-lbs.); ottsined by
integration of total ares under percent maximum
bendlng moment versus angular deflection curve with
8 planinmeter.

Strength Factor = Ultimete Torque (in.-1bs.)

Ultimete Tensile Strength (kipse
per square inch)

Ductility Factor = Ultimate Bend Angle (Degrees)
Tensile % Elongation in 2 lnches

Toughnese Factor = Static Rggﬁure Energy (in.-lba,)
Ultimate Tensile Strength x %
Elongation

Spectrographic Anslyses

Spectrographic ansl yses, when determined, were made on

a Balrd 3 meter spectrograph in conjunction with a Leeds and.

Northrup Mierophotometer and Speedomax Recorder. Specimens for

anaglysls were 1/4 in. dlameter pencils 4 in. long cast just prior

to casting each heat,
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