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A STUDY OF LIGHT VETALS AND ALLOYS
AT LOW TEMPERATURES
I Introduction.

Although the determination of the strength of
metals and alloys at crdinary temperatures is an ev-
eryday matter, very little work has been done to de-
termine their strength and elasticity at very low
temperatures. Mallockl)and Schaefer'2 have investi-
gated certain metals at the témperature of liquid
air, and have deduced formulae to express the rela-
tion between elasticity and tempersture, while An-
drad83)has given an expression for the flow of me-
tals under large constant stress. This work was in-
tended in part to find out if their formulae would
apply to the very light alloys used here,

Another object was to find, if possible, a
still lighter alloy than any on the market, which
would be strong enough to be ﬁsed as an encineer-

1) Mallock: Froc, Roy. Soe., A 95, 1919;
429 ff.
2) Schaefer: Deutsch. Phys. Gesell,, 2, 11,
1900; 122 ff.

3) Andrade: Proc, Roy. Soc., A 90, 1914;
329 ff.
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ing material, and not be attacked too strongly by
water and weak acids. It was proposed to make this
alloy of magnesium and lithium, since both of these
metals are very light, and magnesium has lately been
proved to be a practical engineering material. It
was hoped that the proper alloy would be stronger
and less reactive than elther of its constituents.
The strength of this alloy at low temperatures wes
also desired.

The problem had many interesting features, since
the metals used were so reactive, and the liquid ox-
ygen, used for cooling, so easily evaporated. These
factors led to the construction of the apparatus,

and to the employment of the method, described be-

low.

II Apparatus,
The testing apparatus used is illustrated in
Figs. I, II, and III. The novelty in this appar-
atus lies in the use of the ordinary paper drinking-
cup B as a container for the liquid oxygen used to
keep the test specimen cooled down while its strength
is being ascertained. It was found that this contain-

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

In explanation of the diagrams, the following
points are to be noted. In Rigs., 1y LI; gnd 111, In
which the lettering has been made the same, K is a
heavy iron standard, securely fastened to the wooden
block W by means of the braces 0, C, and J. In a
slot milled in the top of this standard, the bar L
is fastened to D as a fulcrum. At the other end of
L an upward force can be applied by means of the
spring balance 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
end H (see Fig. II), the uppermost of which, G, be-
ing connected to L at E, while the lower block, H,
is connected to W, and can be adjusted 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 to avoid too great

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 B ig fastened 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 millimeter.
To avoid any sidewise tension on the speci-

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

gystem between E and S is always in 2 straight line.

The amount of force applied to the specimen

can of course be calculated from the pull of the

spring balance and the lever ratio of L. A spring

pbalance i§ used which registers up to fifteen xilo-

grams, and its pointer 1s adjusted to zero position

when L is horizontal and there is no specimen in

the apparatus. Where relatively weak materials are

to be tested, this balance 1is replaced by 8 smaller

undred grams, and the lever

t M.

one reading to five h

is counterbalanced by weights attached a

in Fig. I, the piece R is 2 block of rubber,

used to absorb somé of the shock when the specimen

ddenly snaps up against A', 2
vent the sudden movement

breaks and L su steel

bar screwed 1ln place to pre
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from going far enough to injure the rather delicate

levers used to measure the elongation of the speci-

men being measured.

This latter part of the apparatus is best shown

in Fig. II. The thin steel rods X and Y glide. verti-
cally through holes in the bars P and Q, and their

pointed lower ends rest in depressions bored in the

tops of H and G respectively. The pointer Z is at-

tached to X by 2 small screw, and rests upon another

The metal scale A is soldered to

small screw in Z.

X, so that any pelative motion between X and ¥, that

is, between H and G, 1is measured on A, which is grad-

uated in millimeterse.
The more difficult problem than that of a test~-
e design of an apparatus for

This had to be guch

ing apparatus was th the

production of the desired alloysSe.
that the metals could be melted and stirred together

under an atmosphere of hydrogen. The form finally

at shown in Fig IV a.
a straight steel tube A, into

plug B. The rod

adopted is th

This consists of

the bottom of which is driven the iron

of iron wire used to stir the melted

D ig a piece
metals. E ig a plece of
The tube A is turne

e s

rubber tubing, closed by the

pinchcock F. q down to the smaller

s
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size at C in order that the alloys 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 the lower end of A. That

is, the small part at C just fits into & hole drilled

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

while driving out the alloye.

y simple aprangement is the outgrowth

This ver

of a large amount of experimentation with various

first to be gonsidered was an glectrical

a thin shell of iron

formg. The

heating device. In this form,
wag surrounded by & heating coil consisting of two

tance wire, through which a rheo-

layers of fine resis
e sent. The metals

-regulated current could b

stat
and the whole put in an at-

were placed in this cup,

1t was found that this arrangeé-

mosphere of hydrogen.

ment would not give sufficient heat to melt magnesium,
t trying out higher currents,

go after some time spen

etec., it was discarded.

mhe next form 18 shown in Fig. v a., Here the
stened tO the welded bot-~

steel tube A had a cup B fa
p contained the spl
top of the larg

it mold shown in

t om Q. This cu
e tube was

detail in Fig. IV b. The

e e e e
_____-.——0—‘-"_'-—-. -'—'-_-"-'—"-d-__—-._‘-_#
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covered with & sheet of mica, through holes in wkich
hydrogen was passed in and metals could be intro-
duced. The heating was done by a Bunsen burner under-
neath B. Figs. V b and V ¢ show modifications of this

aprancement in which the cup B was put in slightly

different positions in the hope of obtaining more

rapid melting.

A1l these forms proved unsuccessful, however,

and so were discarded in favor of that first de=-
gseribed. The reasons for the failure of the earlier

forms are several, but chief amongz these are: First,

the absence of a practicable method of introducing

and stirring the metals without also introducing gir

into the container; and Second, the presence of a

large amount of iron to conduct awsy the heat before

it reaches the desired spot.
After the alloys were obtained, it was necessary

to put them into suitable 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 gofter alloys, the mold shown in
Fig, IV b was employeG.

Here we have a cylindrical block of iron, A,
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turned inside so as to hold the split mold B in the
position shown. The threaded portion esbove this mold

holds the ring C, which holds the mold in place, while

the plunger D can be serewed down through it to force

the ingot placed there into the mold. At the bottom of

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

turned in as far as peossible, serving to force B

from its position after the specimen has been forced

in.
III Procedure and Results.

Considerable time was first spent in trying to

make metallic lithium in practical quantities by

the electrolysis of fused lithium salts. The stor-

ege batteries in the laboratory Were arranged 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 necessary, # 4 copper

wire being used here.

In the electrolysis, the method of Ruff and

Johannsen Was followed. A mixture of 85 % lithium

bromide and 15 ¢ lithium chloride was fused in a

annsen: 7Zeitschr. Elektro-

4) Ruff and Joh
chem. ,12, 1906; 186 ff.
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copper crucible, and the fusion electrolyzed with a
carbon anode and an iron kathode. For several reasons,
notably the lack of a suitable arrangement for the

carrying off of the chlorine and bromine formed dur-

ing the electrolysis, this method was unsuccessful
as carried out here, After a few trials, it was de-
cided to abandom the attempt, as time was scarce, and
sufficient lithium was ordered from the Henry Heil
Chemical 6o., St. Louls, No. Since this did not arrive

for some time, the apparatus first described above,

page 2 ff., was tried out, and the original 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

xilogram at a time, until breaking occurred. After

each additional kilogram Was applied, the elongation

was read, and again & minute later, Thus some idea of

the elongation as compared with the stress 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 gtretch considerably before
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breaking, and the area at the actual point of frac-
ture was greatly reduced. This test was carried out
more as a trial of the apparatus and for the acquire-
ment of a technique of operation, than for the value
attached to the results obtained. 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 read at the same time, a fault which

was not corrected here, but whieh should be done away

with by any subsequent investigator,
As soon as the minor defects in the apparatus

had been corrected, three commercial alloys of mag-

nesium and aluminium, obtained from the American

Magnesium Corporation, Niagara Falls, N, Y., were

tested at ordinary and low temperatures. The first

of these was an alldy containing 12 % of aluminium,

and had been extruded into a rod. This showed remark-

able strength for its weight. The elongation was not

large. At the low temperature its strength was in-

creased by only 2.0° %o

The second of these three was of the sameé COmp-
osition as the first, but had been given a heat treat-
ment, first at 425 deg., C. for 2 short time, and then

for a considerable time at between 150 and 250 dege

e ———————




Ed
This treatment causes hardening due to the precipi-
tation, from the solid solution, of small particles
of -a compound df aluminium and magnesium. Consequent-
ly the greater strength found was not unexpected.
The elongation was somewhat greater than in the pre-

ceding case. At the low temperature, however, the

strength was decreased by 46.5 9. This was most unex-

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

tested, where a decrease in strength at low tempera-

tures occurred., It is probably due to the fact that

the particles precipitated in the heat treatment, while

bonding tegsther the solid solution at ordinary tem-

peratures, tend to segregate and render the alloy

markedly less homogeneous at the boiling point of

liquid oxygen.

The third of these commercial alloys to be test-

ed contained 4 7 of sluminium., This was not nearly
two at room temperature, but

so strong as the other

at the low temperature it was very strong, the in-
crease being 55.6 %. The elongation was practically

hat of the first.

the same as t
t of the lithium ordered ar-

As soon as the firs
rived, work was started on the production of alloys.

The earlier forms of heating apperatus had meanwhile




12

been tested and discarded, and the final form was

now used.

The procedure here was to weigh out the 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 tubing slipped over

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

pogition, filled with hydrogen. At first a Kipp gen-

erator was used for this purpose, but as this proved

to be toc slow, a tank of compressed hydrogen Was

later used.

After making sure that the tube was completely
filled with hydrogen, the pinchcock was applied to
the rubber tubing, and the steel tube, in a slightly
inclined position, was brought to & bright red heat

over a Bunseéen burner. The rubber tubing was prevent-
ed from burning by & 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,
p out of the molten alloy,

the stirring rod was drawn u
pe allowed to cool. When fully cooled, the

and the tu
moved and the alloy driven from

rubber tubing was re

e by a tightly-fitting plunger.

the tub

e
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In this way were made up over twenty different

glloys, using varying proportions of magnesium, al-

uminium, manganese, zinc, and antimony, with lithium.

Few of these proved of interest, as they were mostly

either as soft as lithium, er very brittle, or of a

erumbly composition.

Of the magnesium alloys, the most intersting was

the one containing 75 % of megnesium., If more than

this proportion of magnesium 1is used, the alloy be-

comes too brittle, while if less is used, it becomes

n this alloy was rather brittle, and

too soft. Eve

consequently could be turned only with great care.
in the table on

tensile strength, 88 shown

Its low
due to this brittleness.

pace %9a, wAaSs probably
An alloy containing 15 ¢ manganeseé and 85 % li-
thium showed interesting strength when first made up,

put when later made in a large enough quantity for an

ailed to be a8 strong
de more carefully then the

actual test, T as was expected.

econd casting Was ma
there is some€ doubt
It is known that a

The S
sg to the cause of

first, S0 that

e strength inithe first case.

ntage of mangan

th

small perce
crease in strengt

he table on page 9

i SR

ece causes surprizing in-

h in many alloys.
a are given the data on

In €

I
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only one 1ithium 2lloy, the object being to compare it

with the magnesium-aluminium alloys, and these with

hard steel and hard brass, and with Duralumin. The

strength of the latter was measured in the same manner

as that of the magnesium-aluminium alloys above, while

the strengths and densities of the steel and brass

were taken from Marks' Mechanical Engineers' Handbook.

In the work by Mallock, preferred to on page 1

the following relation is given:

(Melting pol point i in deg.
T—'“ﬂ | i '9

e the elastic moduli at the

a check on this formuls,

ning 77 % po-

C.)-6;
R RET

where N and M, &ar tempera-

tures 6,and § respectively. AS

freeze the alloy contal

it was decided to
ch is 1iquid above =1.2+5

ium and 23 % sodiumt, whi

tass
degs Cos and to find 1its strength and elesticity. Ac-
cordingly & small amount of the alloy was melted up

um ether, and it was then poured into a

under petrole
in diameter, which was

1 test-tube about one Cli.

smal
quid oxygen until the alloy was at the

immersed in 11
The tube was

quid gurrounding it.

perature of the 11
awn and the glass broken with a hammer,

a plece about one Cie

tem

then withdr
in di-

ljeaving the solid alloy,

ameter and three Cme. longe.
This was examined for & short time, being held by
I I

A S
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small tongs. As it was feared that it would soon melt,
it was replsced in the liquid to cool down again, It

was then taken out, and & small portion cut from one

corner to determine its relstive herdness. Its consist-

ency was found to De much the same as that of lead.

After about a minute it was again placed in the

liquid oxygen. When, a few minutes later, it was taken

out into the air, it exploded spontaneously with a loud

report, small drops of the liquid alloy flying in every

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

instead of being poured into the small test-tube, it

ectly into the gplit mold describ
holding the halves of the

was put dir ed on pages

7 and 8, a gmall metal cup

mold together. This cup was carefully lowered into the
1owed to cool completely, and then

liquid oxygen, al
peing brought into the air,

1ifted out. Tmmediately on

ain exploded, only & small porticn of the

the alloy ag
g in the pottom of the mold.

oxidized alloy remainin
a glass shield being

A third attempt was made,
ction of the experimenter.

e alloy under the liquid all

used for the prote This time

care was taken to keep th

the time, si

t it would explode only

nce it appeared tha
n the

when exposed to the air, after being immersed 1

e e ———

e —

e
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liquid oxyzen. A special cup was made in which to trans-
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 =s in the second case, except that the mold was

kept under the surface of the ligquid. After an immer-

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

under the liquid oxygen.
t was made to test this alloy,

No further attemp

ass tube was

except that a small piece cooled in =z gl
hammered to test its hardness once more. 1t flattened

out under hammering almost exactly as lead does.

henomena are difficult of ex

ut of the liquid after

The above P planation,

ce the alloy, when taken O

sin
did not explode, bu

t+ did so on

the first immersion,
to examine it SRS S probable

every subsequent attempt

geure factor governin
but present every other time.

that some ob g the reaction was
gent in the first caseé,

r cases 1t appears t
absorbs enough of th

ab
In these othe

hat the alloy, which
is more Or less porous, e liquid
react with it to a S

a slight reaction,
g gufficient to cause the

1ight extent, the heat

oxyeen to
or perhaps mere-

generated by even

he absorption,
whole mass 1o explode instantaneously.
__,‘,.._.——-——_-'-'_-'

// e m—————————t A ———

bein

ly from t
The alloy is,
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of ¢
ourse, extremely reactive at ordinary temperatures
b

and oxidizes readily. A small drop of it on the skin

causes a deep burn unless the skin is perfectly dry.

This concluded the experimental work. It is re-

grettable that more could not be done, but the above

results show that with a detailed and lengthy invest-

igation, making up a full series of binary alloys of
magnesium and lithium, and perhaps a series of ternary
alloys including manganese with these two metals, it
ig probable that a useful alloy, fairly strong yet
very light, could be obtained.
Dr. R.H.Goddard

In concluding I wish to thank

tant advice and encouragement, and Mr.

for his cons
n and

N.A.Riffolt for his invaluable aid in the desig

construction of my apparatus.

IV Summarye.
apparatus for getermining the tengsile strength

1. A new
mens at low tempe€

patures 1is described

of small test-specl

jn detail.
o, A study is mad

e of alloys of Al and Mg, and of Li

Al, Mn, Zn, and Sb, to determine their strength
at low t emperatu
the tests on the

and comparing them with hard gtecl and hard

i m——

with Mg,
A table 1is given

and elasticity rese.
more interest-

showing the resulls of

ing alloys,

e

e e
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bras=s.

3., A detallzd account is given of the surpriging dis-
coveries attending an attempt to measure the strength

of the alloy containineg 777 K and 23% Na, at the boil-

ing peint of liquid oxygen.







	A Study of Light Metals and Alloys at Low Temperatures
	Recommended Citation

	tmp.1711644756.pdf.YttM7

