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A STUDY OF LIGHT METALS AND · ALLOYS 

AT LOW TEMPERATURES 

By 

Dona ld Ellwood Hi g~ins 

Submitted for t he Der-r ee of Master of 

Arts at Clark University, Worcester, 

Mass., and accepted on the recommerid­

a tion of 

June 1924 



A STUDY OF LI GH'l' '.V ET.1\L S AND ALLOY S 

AT L OW TEMPERATURES 

I In t roduction. 

Although the determination of t he strenRth of 

metals and alloys at ordinary temperatures is a n ev­

eryday matter, very little work h a s been done to de­

termine their strength a nd elasticity a t very low 
1 ) 2) 

temperat~ras. Malleck and Schaefer have investi-

gated certa in met~ls at the temperq ture of liquid 

air, a nd h a ve deduced formulBe to express the rela ­

tion between ela sticity and tempera ture, while An-
3) 

drade has g iven an ex pres s ion f or the flow of me-

tals under lar~e c ons tant stress. This work was in­

tended in part to find out if their formul a e would 

apply to the v ery li~ht alloys used here. 

Another obj ect was to find, if pos s ible, a 

still l i ghter alloy tha n any on the market, which 

would be strong enough to be used a s a n en ~ineer-

1) Mallec k : Proc. Roy. S oc., A 9 5, 1919 ; 
429 ff. 

2) Scha efer: Deutsch. Ph ys. Gesell., 2 , 11, 
1900 ; 122 ff. 

3 ) Andra n e : Proc. Roy. S oc., A 90, 1914; 
3 29 ff. 
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ing mater i a l, and not be ~tta cked too strongly by 

water and weak acids. It was proposed to make this 

a lloy of ma gn esium and lithium, since both of these 

meta ls are very light , and magn es i um has l ately b een 

proved to be a practical engineering materia l. It 

was hoped that the proper a lloy would be stronger 

and les s rea ctive than ei ther of its constituents. 

The strength of this a l loy at low temper atures was 

also desired. 

The problem had many interes ting fea tures, since 

the me t a ls used were so reactive, and t he liquid ox­

ygen, used for cooling , so easil y evapor ated. These 

factors l ed to t he c onstruction of t he apparatus , 

and to the employment of the method, described be­

low. 

II Apparatus. 

The testing apparatus used is illustra ted in 

Figs . I, II, and III. The novelty in this a ppar-

atus lies in the u se of the ordinary paper drinking­

cup Bas a conta iner for the liquid oxygen us ed to 

keep t he test specimen cool ed down while it s strength 

is being ascertained . It was found that this conta i n­

er obviated the use of a Dewar flask for this purpose, 
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and thus gr eatly simplified the apparatus. 

In explanation of the diagr ams, the following 

points are to be not ed . In Figs. I, II , and III, in 

which the lettering ha s been made the same, K is a 

heavy iron standard , securely f as tened to the wooden 

block W by means of the bra ces O, c, and J. In a - - -
slot milled in the top of this standard, the bar L 

is fastened to D as a f u lcrum. At the other enq of 

Lan upward force can be applied by means of the 

sprine bala nce T and the hook U, the upper end of 

which is threaded to fit the thumb-nut V. The thread­

ed portion of the hook has a slot milled in one side 

which engages a projecting pin on the iron plate on 

which V turns. 

Thus a large force can be exerted on the test 

specimen which is held between the brass blocks G 

and H (see Fi g . II), the uppermost of which, G, be-- -
ing connected to Lat E, while the lower block,~, 

is connected to ! , and can he ad justed by means of 

the wing-nut S . 

At F and I are connections in which the metal 

immersed in the liquid oxygen in B is insulated 

from the ends of the rod, in order t o avoid too gr eat 

contraction of the metal parts owing to the cold , 
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and also to prevent heat conduction to the specimen. 

Small pieces of fibre-board are inserted between 

the connecting parts, and serve very effectively if 

the cup is not kept filled with the liquid for too 

long at one time . The cup Bis fast ened to the bot­

tom of the block H with a liquid-tight joint, so 

that in actual use the bottom edge of the cup is 

separated from the support J by about a millime t er. 

To avoid any sidewise tension on the s peci­

men, the hole in J is made large enough so that the 

system between E and S is always in a strai ght l ine. 

The amount of force applied to the specimen 

can of course be calculated from the pull of the 

spring balance and the l ever ratio of L. A spring 

balance is used which reg isters up to fifte c~ ~ilo-

grams, and its pointer is ad justed to zero position 

when Lis horizontal a nd there is no specimen in -
the apparatus. Where r el a tively weak materials are 

to be tested , this balance is repla ced by a small er 

one reading to five hundred gr ams, and the lever 

is counterba l anced by wei ghts atta ched at M. 

I n Fi g . I , the piece~ is a block of rubber, 

used to absorb some of the shock when the specimen 

breaks and L s uddenly snaps up against A', a steel 

bar screwed in place to prevent the sudden movement 
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from going f a r enough t o i n jure t he r ather delicate 

l evers u s ed to measure the el ongat i on of the speci-

men b e ing measur ed . 

Thi s l atter part of t h e appara tus is best shown 

in Fi g . II. The thin steel rods X and Y slide. verti­

ca lly through holes in the bars P and Q, and their 

point ed lower ends r es t in depress i ons bored in the 

tops of ~ and G res pectively. The pointer~ is at­

tached to X by a small screw , and res ts upon another 

small s crew in Y. The met a l sca le A is soldered to 

X, so tha t a ny relative mot ion between X and Y, tha t - - -
is, between~ and G, is measur ed on~, which is grad­

uated in mil l imeters. 
The more dif ficult problem than tha t of a t est-

ing apparatus wa s the design of an appar a tus for the 

production of the desi r ed a lloys. This had to be such 

that the metals could be melted a nd stirr ed together 

under an atmo sphere of hydrogen. The form finally 

adopted is tha t shown in Fi g IV a . 

This consists of a straight steel t ube~, into 

the bottom of which is dr iven the iron plug B. The rod 

~ is a piece of i ron wire used to st i r t h e mel ted 

metals. Eis a piece of rubber tubi ng , closed by t he 

pin chcock E- The tube A i s turned down to t h e sma l ler 
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size at C in order that the a lloys formed, which 

were found to be generally strongly adhesive to iron, 

may be driven from the tube by a plunger ( the rubber 

tubing and stirring rod having been previously re­

moved), without deforming t he lower end of A. That 

is, the small part af £ just fits into a hole drilled 

in a large iron block, in which it may be placed 

while driving out the alloy. 

This very simple arrang ement is the outgrowth 

of a large amount of experimentation with various 

forms. The first to be eonsidered was an electrical 

heating device. In this form, a thin shell of iron 

wad surrounded by a heating coil consisting of two 

layers of fine resistance wire, through which a rheo­

stat-regulated current could be sent. The metals 

were placed in this cup, and the whole put in an at­

mosphere of hydrog en. It wa s found that this arrange­

ment would not g ive sufficient heat to melt magnesium, 

so after some time spent trying out higher currents, 

etc., it was discarded. 
The next form is shown in Fig .Va. Here the 

steel tube A had a cup B f astened to the welded bot­

tom c. This cup contained the split mold shown in 

detail in Fig. IV b. The top of the l arge tube was 
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covered with a sheet of mica, throu~h holes in wb~ch 

hydrogen was pass ed in and metals could be intro­

duced. The heating was done by a Bunsen burner under­

neath B. Figs.Vb and V c show modifications of this 

arranaement in which the cup B was put in slightly 

different positions in the hope of obtainin~ more 

r apid melting. 

All these forms proved unsuccessful, however , 

and so were discarded in favor of that first de-

scri :Jed . ~'he rea sons for the failure of the earlier 

for ms are several , but chief amon~ these are: First , 

t he absenc e of a practicabl e method of i ntr oduc i ng 

and stirring the metals without a l so introducing air 

into the container; and Second , the presence of a 

large amount of i ron t o conduct away the heat before 

it reaches the desired spot. 

Af t er the a l loys were obtained, it was necessary 

to put them into suitabl e form for testing . In the 

case of the harder alloys, this was done by making 

them in ingots about a quarter- inch in diameter , 

which were then turned down to the proper dimensions 

on a lathe. For the softer a lloys, the mold shown in 

Fig . IV b was employed. 

Here we have a cylindrical block of iron, A, 
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turned inside so a s to hold the split mold Bin the 

position shown. The threaded portion above this mold 

holds the ring £, which holds the mol d in place, while 

the plunger D can be screwed down through it to force 

the ingot pla ced there into t he mold. At the bottom of 

A is the plug E, acting as the end of B, and, when 

turned in as f ar as possi ble , serving to force B 

from its position after the specimen has been forced 

in. 
III Procedure and Results . 

Considerable time wa s first spent in trying to 

make metallic lith i um in practical quantities by 

the e l ectrolysis of fused lithium salts. The stor-

a ge batteries in the l aboratory were arrgnged so 

that they could be connected in parallel to give 

as much as 100 amperes at 10 volts. For this purpose, 

very large conductors were nec es sary , # 4 copper 

wir e being used here. _ 1 

In the el ectrolysis, the method of Ruff and 
4) Johannsen was followed. A rnixt~re of 85 % lithium 

bromide and 15 f lithium chloride was fused in a 

4) Ruff and Johannsen: Zeitschr. Elektro­
chem.,12, 1906; 186 ff. 
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copper crucible, and the fus ion electrolyzed with a 

carbon anode and an iron kathode. For several reasons 

notably the l ack of a suitable arrangement for the 

carrying off of the chlorine and bromtne formed dur­

ing the electrolysis, this method was unsuccessful 

' 

as carried out here. After a few trials, it was de­

c ided to abandom the attempt , as time was scarce, and 

sufficient lithium wa s ordered from the Henry Heil 

Chemical e o., St. Louis , Mo. Since this did not arrive 

for some time, the ap paratus fi r st described above, 

page 2 ff., was tried out, and the ori ginal faults 

were corrected so far as possible . 

In making the tests, the specimen was placed in 

position in the machine, and the tension applied, one 

ki lo~ram at a time, until breaking occurred. After 

each additional ki l ogram was applied, the elongation 

was read, and a gain a minute l ater. Thus some idea of 

the elongation as compared with the stres s could be 

obtained. 
The first metal to be tested was pure aluminium, 

obtained in the form of an extruded rod, and turned 

down to the required size. The results of this and 

the following tests are given in the table on page 

9a. Aluminium seemed to stretch considerably before 



Corr position .I\ 1 88ir'~g 88~tlp.; 96%Mi;r Li 7 5f~p Luralu- Hard Hard of alloy ext. 12a1A l l 2;{A l 4 .11 Al ext~ 257-Li mi n P•r as s Steel 
I 

Specific 
2.75 gravity 1.82 1.82 1. 7 37 0 . 534 1 . 461 2 .766 8.363 7 . 833 

't'ensi le str. 18662. 50123. 65085. 35515 . 230.9 1135.5 50753 . 50450. 75000 . 2 
lt's/in - -25 
Tensile str. 32404 . 51612. 34812. 55242. 1889 . 5 3325. 72381. 

- 182 . 4 
~ 
~ 

JI n cr ease in 
73.9 2 . 09 -46 . 5 55.6 718. 193 . 21.13 

Etr. at-182.4 

<11 elonr-ation 32.06 2.08 6 . 64 2 . 09 11.32 negl . negl. 10,l 18.22 
at 25 

'f elont:ration 
4 . 57 1. 26 5 . 96 15 . 18 11 fl 20 .70 

at -182 . 4 

Atren""t h 6912. 27540 . 357 58 . 200? 9 . 432 . 4 777. 07' 215 ~9. 6032 . 5 9592.5 ,;a I sp. ~rav . 
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breaking , and the area at t he actual point of frac­

ture was greatly reduced. This test was carried out 

more as a trial of the appar a tus and for the acquire­

ment of a technique of operation, than for the value 

attached to the results obta ined. The arrangement for 

measuring the elongation was found to be in such a 

position that it and the scale of the spring balance 

could not be rea d at the same time, a fault which 

was not corrected here, but which should be done away 

with by any subsequent investigator. 

As soon as the minor defects in t he apparatus 

had been corrected, three commercia l alloys of mag­

nesium and aluminium, obtained from the American 

Ma gnesium Corporation, Niagara Fal l s, N. Y., were 

tested at or~inary and low tempera tures. The first 

of these was an alloy containing 12 % of aluminium, 

and had been extruded into a rod. This showed remark­

able strength for its weight. The elongation was not 

l ar ge . At the low tempera ture its strengt h was in-

creased by only 2.09 %• 
The second of t hese t hree was of the same comp-

osition as the first, but had been given a hea t treat­

ment, first at 425 deg. C. for a short time, and then 

for a considerabl e time at betwe en 150 and 250 deg . 
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This treatment c&unes hardening due to the prec i pi­

t8. tion, from the solid solution, of small par·ticles 

of a compound of aluminium and magnesium. Consequent­

l y the greater strength found was not unexpected. 

The elongati on was somewhat greater than in t he pre­

ceding case. At the low temperature, however, the 

strength was decreased by 46.5 %• This was most unex­

pected, and was the only case, among all the aiioys 

tested, where a decrease in strength at l ow tempera­

tures occurred. It is probably due to the f a ct that 

the particles pr ecipitated in the heat tr ea tment, whi le 

bonding together the solid solution at ordinary tem­

peratures, tend to segregate and render the a l loy 

markedly l ess homogeneous at the boiling point of 

liquid oxygen. 
The third of these commercial a lloys to be test-

ed contained 4 % of aluminium. This was not nearly 

so strong as the other t wo at room temperature, but 

at the low temperature it was very strong , the in­

crease being 55.6 %• The el ongation was practically 

the same a s tha t of the first. 

As soo n as the first of the lithium ordered ar-

rived, work was s t a rted on the production of alloys. 

The earlier forms of h eating apparatus had meanwhile 
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been tested and discarded, and t he final form was 

now used. 

The pr·ocedure here was to weigh nut t .hP. metals 

in the proportions desired and put them into the tube 

shown in Fig. IV a . The iron stirring rod was then 

placed in the tube, the rubber tubin~ slipped over 

the open end, and the tube, clamped in an inverted 

position, filled with hydrogen. At first a Kipp gen­

erator was u sed for this purpose, but a s this proved 

to be too slow, a tank of compressed hydro~en was 

later used. 
After making sure that the tube was completely 

fil l ed with hydrogen , the pinchcock was applied to 

the rubber tubing, and the steel tube, in a slightly 

. inclined position, was brought to a bright red heat 

over a Bunsen burner . The rubber tubing was prevent­

ed from burning by a piece of asbestos wire gauze, 

through a hole in which the lower end of the tube ex -, 

tended. 
When the metals were completely melted and mixed , 

the stirring rod was drawn up out of the molten alloy, 

and the tube a llowed to cool. When fully cooled , the 

rubber tubing was removed and the alloy driven fr om 

the tube by a ti ~htly-fit t ing plunger. 
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In this way wer e made up over twenty di ffer ent 

a lloys, using varying propo t · f r ions o magnesium , al -

uminiurn, manganese . , zinc, and antimony, with l i thium. 

Few of these proved of interest, as they wepe ir.ost l y 

either as sof t as lithium, ov very brittle, or of a 

crumb l y composition. 
t ~.(, ~t.,,,...,vV\ 

Of the magnes i um a lloys, the most intersting was 

the one containing 75 % of magnesium. If more than 

this proportion of magn es i um is used, the alloy be­

comes t oo britt l e , while if less i s used, it becomes 

too soft. Even t his alloy was rather brit t l e , and 

conseqµently could be turned only with gr eat care . 

It s low tensile strength, as shown in the t9b1P- nn 

oap-e 9a, w 1~ probably due to this brittleness . 

An alloy containing 15 % manganese and 85 % li­
thium showed interest ing streng th when first made up, 

but when l ater made in e l arge enough quantity for an 

actual test, failed to be as strong as was expected. 

The second casting was made more carefully than the 

first, so that there is some doubt as to the cause of 

the strength in . the fir st case . It is known t hat a 

smal l percentage of manganese causes surprizing in-

crease in strength in many alloys. 

In the table on page 9a are given the data on 
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v eing t o compare it only one li thi um a l l oy, the ob J· ec~ b 

with the magnesium-aluminium alloys, and these with 

har d s t e el and hard bra s s , and with Dura lumin. The 

streng th of the l a t ter was measured in the s ame manner 

as that of t h e magnesium-a luminium alloys above, while 

the strengths and dens ities of the steel and bra ss 

vrnre taken from Marlrn' Mechanice.l Engineers' Handbook . 

In the work by Mallock, r ef erred to on page 1, 

the following r e l ation is given: 

M!\_ (Mel t ing point in deg . C.)-0&.. 
Me, - ( rr Ii ,, TI Ii ) - e I 

where M~ and Ma are the ela s tic moduli at the tempera­

tures BL and e. respectively . As a check on this formula , 

-it was decided to f reeze the alloy containing 77 % po-

tas s ium and 23 % sodiurrt , which is liquid above -12.5 

d eg . c., and to find its strength and el asticity. Ac­

cordingly a sma ll amount of the a lloy was melted up 

under petroleum ether, and it was then poured into a 

small test-tube about one cm. in diameter, which was 

i mmersed in liquid oxygen until the alloy was at t he 

tempera ture of the liquid surrounding it. The tube was 

then wi thdrawn and the gl a ss broken with a hammer, 

leaving the solid alloy, a piece about one cm. in di• 

ame t er a n d three cm. l ong . 
Thi s was examined for a s hort time , being hel d by 
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small tongs. As it wa s feared tha t it would soon melt ' 

it was replaced in t he liquid to cool down a~ain. It 

was then t aken out, and a sma ll portion cut from one 

corner to det ermine its r el a tive hardn ess. Its consist­

ency was found to be much the s ame a s tha t of lead. 

After about a minute it was again placed in the 

liquid o~ygen. When, a few minu t es later, it was t a ken 

out into the a ir, it exploded spontaneously with a loud 

report, s mall drops of the liquid alloy flying in every 

direction. 
The next day another attempt was made. This time, 

instead of being pour ed into the smal l test-tube, it 

was put dir ectly into t h e split mold described on pages 

7 and 8, a small metal cup holding the halves of the 

mold together. This cup was carefully lowered into the 

liquid oxygen, al l owed to cool completely, and then 

lifted out. Immediat ely on being brought into the a ir, 

the alloy again exploded, only a sma ll portion of the 

oxidized alloy remaining in the bot t om of the mold. 

A third attempt wa s mad e , a glass shield being 

used for the protection of the experimenter. This t i me 

care wa s taken to keep the alloy under the liquid all 

the time, since it a ppeared that it would explode only 

wh en expos ed to the air, after being immersed in the 
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was ma e in which to trans-liquid oxy~en. A special cup d 

fer the specimen, under liquid oxygen, from the con­

tainer in which it was cooled in the mold to the cup 

on the testing apparatus. The same procedure was fol­

lowed as in the second case , except that the mold was 

kept under the surface of the liqui d. After an immer­

sion of a few minutes, it exploded once more, while 

under the liquid oxygen. 

No further attempt was made to test this alloy, 

except that a small piece cooled in a gl ass tube was 

ham ~ered to test its hardness once more . It flattened 

out under hammering almost exactly as lead does. 

The above phenomena are difficult of explanation, 

since the al loy, when t aken out of the liquid after 

the first immersion, did not explode, but did so on 

every subsequent attempt to examine it. It is probable 

that some obscure factor governing the reaction was 

absent in the first case, but present every other time. 

In these other cases it appears tha t the alloy , which 

is more or les s porous, absorbs enough of the liquid 

oxy~en to r eact with it to a slight extent, the heat 

genera ted by even a slight reaction, or perhaps mere­

ly from the absorption, being sufficient to cause the 

whole ma sg to explode instantaneously. The alloy is, 

1------------- -------------------- · 
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of course, extremely react ive a t ordinary temperatures 

a n d oxidiz es r eadily. A small drop of it on the skin 

causes a deep burn unl ess the skin is perfectly dry. 

This concluded the experimental work . It is re­

gr e t table that more could not be done , but the above 

results show tha t with a detail ed and l engthy invest­

i gation, making up a full series of binary alloys of 

magnesium and l ithium, and per haps a series of ternary 

alloys including manganese with these two metals, it 

is probable that a useful a l loy, fair ly strong yet 

very light, could be obtained. 

In concluding I wish to thank Dr . R. H. Goodar d 

for hi s constant advice and encourag em ent, and Mr. 

N.A. Riff olt for his inva l uab l e a i d in the des i gn and 

construction of my apparatus. 

, 

IV summary . 

1. A n ew apparatus for det ermi ning the t ensile strength 

of small t est-specimens at low t empera tures is described 

in detai l. 

2
. A s tudy is made of alloys of Al and Mg , and of Li 

M Al M
n zn and Sb , to determine t heir strength 

with g , , , , 
and e lasticity a t low t emp eratures. A table is g i ven 

resu
,_ts of tbc tests on the more interest­

showing the 
and compari ng them with bard steel and hard 

ing alloys, ~ 
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bras s . 

3. A detail ed ac~o~nt is g iven of the surpri$inR dis ­

coveri e s attendin~ a n attempt to measure the stren~th 

of the all oy containin q 77% Kand 23% Na , at the boi l­

ing point of liquid oxygen. 
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