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INTRODUCTION



INTRODUCTION

The(study of the system aluminum-indium-tin was begun by
Mrs L.Be Buchznan zt the University of Manitoba in the fall of 1948 as
g result of the interést shown by the Consolidated Mining and Smelting
Coss Litds in alloys of indium and other metals. Indium, a comparatively
rare metal, which occurs in zinc-blende, is being refired as a by-product

by the Comsolidated Mining and Smelting Company.

The above mentioned company was particularly interested in
the system indiumralumiﬁuﬁ;*which, it was learned, was being investigated
by Valentiner. in Gefmanya Buchanan checked certain portions of this
binary system, including the extent of the miscibility gap, and then
proceeded to inyestigaﬁe the ternary system Al-Tn-5n. He determined
the ternary sutectic, and began an isothermal investigation of the

miscibility gape.

It was felt that a more thorough isothermal investigation
of the ternary miscibility gap should be carried out, beginning at 700°C
and going up to higher temperatures. There is, of course, the possib-
ility that some new aspect-of the problem might be revealed in the
process of carrying out the above isothermal investigation. If this
ghould happen, and if it should appear more significant as far as the
problem as a whole&is concerned, then an iﬁvestigaﬁion of this néw

aspect would be pursued,
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TECHNIQUES

A review,of’only those considerations which have a2 bearing on

the immediate problem will be givem here. In the study of this system,
‘the aim is the construgtion of a phase diagram for the system. A phase
diegram, or équilibrium diagram, indicates the varicus phases preéent in
equilibrium for different composition-temperature relationships; pressure
is not a variable in an open system. The four principal methods of deterf
~mining jhase diagrems are thermal analysis, isothermﬁlkanalysis, ﬁiéro#cbpic
analysis and X-ray diffraction analysis and the most accurate information
is obtaired when all four methods are used to supplement oﬁe encther. ‘A
~ brief discussion of isothermal enalysis, microsecopic analysis and X-ray
diffraction aaalyais will now be given, since these are the methods that

will be used in the present investigation.

Isothermal Analysis

Isothermal analysis hag been spariﬁgly used in the constructicn
of phase diagrams for alloys, although it has been the main method for
the investigation of systems of salts and water. The method can be
applied to alloy systems, because the liquidus curve of an alloy system
is actually a solubility éurve. The alley is kept at a constant temp=v
erature for a length of time sufficient to ensure the attaimment of equil-
ibriume. There are two methods that are usually used to obtain poftiené’
of the phases in equilibrium for analysis. By one method; the whole
sample is quenched, then it is cut vertically im two, and a portion is
teken using a drill large enough to give a representative sample. By the

other methed, & portion for analysis is removed frem the molten alloy by

‘using a pipette.



A little more should be said about quenching. When a ligquid

phase is slowly cooled, the solid phase that is obtained generélly does
not have the same composition as the liquid\phase had at the tempsrature
from which it was cooled. For examﬁle, if a liquid phase at 700°C
containing 507 tin and 507 aluminum by weight were sloﬁly cooled, the
first solid phase to appear would be pure aluminum. Aluminum would con-
tinue separating out until the eutectic (27 Al and 987 Sn) was reached,
then this tin-rich eutectic would solidify out. The more rapid the cool=
ing, the smaller will be the crystals that separate out; if the cooling

is rapid enough, the particles first separating out will nbt ha#e time
te rise, or settle, depending on their aénsity, before the wholé mess

is solid. Thus, quenching, which is a rapid cooling that does not:allow
the particles separating out to rise or settle, preserves the composition
of the liquid phase. It should be noted that the structure of the quenched
solid is not the same as that of the molten liquid; it is only the cohpf
osition of the solid which is the ssme as that of the liquid. The method
of quenching can obviously be used to study a miseibility gap, since the
composition of a liquid consisting of two layers of different composition,
will be retained. The quenching must be very rapid if the desired results
are fo be obtained, since the slower the quenching, the greater will be
the tendency for the particles to rise or settle out as in the case of

slow cooling.

The method of Alexejeff (1) is also suitable for the invest-
igation of systems having two liquid layers. In this case a series of’
samples of varying composition are brought tc¢ equilibrium at the same
temperature and then quenched. Some of these will show the presence of
two layers, while others will not, and thus the composition beoundary.

between the one homogeneous liquid phase and the liquid composed of two



1ayers could be determined. The disadvantage in using thie method is the

large number of samples required to obtain only a few points.

Micrescopic Analysis

Microscopic examination consists of examining a pelished and
etched plane surface of the sample under a reflecting'@icroscope. The
structuré of the gquenched sample shows the phases present, and is useful

in determining the boundary between two layers, if they exist.

X-ray Analysis

Xoréys are diffracted from atoms in a crystal in a menner dep-
endent on the type of atom and the spatial arrangement of the atoms. A
study of the X-ray diffraction pattern enables one te identify the crystal.
X-rays have a further use than the mere identification of crystals, but,
since in this investigation they will probably not be used for more than
identifiéation, a further discussion will not be given here. The one dis-
advantage of the X-ray method is the fact that invmany cases it cannot
detect the presence of a new phase until it is present to the extent of

at least 5% of the whole.
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FREVIOUS INVESTIGATIONS

4 considerable amount of experimental work has been done on
the binary systems Al-In, Al-Sn and In-Sn. A4 review of this work will
appear in Buchanan's thesis. Thereforse; a brief outline of only the Al-In
and the Al=Sn systems will be given here, since they have a bearing on
the present investigation; the In=5n system will not be reviewed at this

time.

The System Al-In

The first published paper available on this system was that of
Valentiner (17 ;. He obtained his results by thermal analysis supplemented
by X-=ray anaiYsis and elecirical resistance measurements. The diégram
(Fige 1) shows the eutectic, containing a very small percentage of alum=
inum, occurring at about 156°C. It also indicates a miscibility gap
extending from 13 to ?8 weight percent indium at 634°G¢ He states further
that the solubility of indium in aluminum and of aluminum in indium in
the solid state can be only slight., The limits of the gap were obtained
by the extrapolation of the thermal analysis points on the high aluminum
end, and on the low aluminum end the limit was taken as the last alloy
that showed a gap halt. It should be noticed that he obtained no points
on the miscibility gap itself, and no points on the liguidus in the high

indium end of the diagram.

E. Raub and M. Engel {13) claim that the miscibility gap extends
from 17.3% indium to almost pure indium (no more than 2% Ah. by weight).
They vsed aluminum of 99,99% Al., and indium of a commercial degree of
purity. Their method of investigation was thermal analysis amplified by

microscopic and Xerays diffraction invesfigation,, The thermal analysis
was carried out on alloys melted under argon in gythageraés pots. The

results of their thermal analysis appear in Table I., and the equilibrium







diagrem constructed on the basis of these figures is shown in Fig. 2.

They teke 63400 as the invariant ‘temperature.

- THERMO ANALYSIS OF ALUMINUM-INDIUM ALLOYS

Indium : T1(°C) T2(°C)
(Wt.%)
2.5 655 633
5.0 647 632
7.5 644 634
10,0 642 635
12.5 640 635
15.0 635 634
20.0 .- 634
50.0 o 634
80.0 - 640
90.0 - 630
95.0 oo 641
97.5 - 640

Raub and Engel
ing point of indium, and
oanalytically lie as the

ically coincide with the

TABLE I

‘Halt points on the cooling curves

T3(°C)

158
156
156
156
156
155

staﬁe‘that a;uminum has no influence on the melt-

that the freezing temperatures determined‘thérmv ;

mean of slight variations at 156°C They pract-

melting temperature of pure indium at 156.4°C.

Also, the solubility of indium in solid aluminum was investigated micro-

scopically and by X-rays. The results of the investigation by both these

methods showed that it was extremely small.

Buchanan found the limits of the gap in this system to be 14.0%

indium and 97.2% indium.

He obtained the value 14.0% indium by the

extrapolation of his points derived by thermal analysis but, by isothermal




40 S 6 0 8

.




analysis he got 20,6 indium. His extrapolated value of 14.07 indium

is questionable. In Fig. 3 his results have been plotted and using his
differential thermal analysis points, which he considers to be the more
accurate, the extrapolated value is found to be about 20.5% indium.

Fig. 4 shows the results he obtained by the method of isothermal analysis
in the region beyond the indium-rich gep limit. The value 97.2% indium
was obtained by extrapolating to the gap halt temperature of 638.6°C.
Thus Buchanan's investigation indicates the limits of the gap to be 20.5%
indium and 97,2% indium which is different ffem that found by Raub and
Engel. ‘His value,o£,638.60C for the gap halt temperasture does not agree

with the value of 634°C claimed by Raub and Engel.

For the ternary system AlaIn-Sﬂ‘he reperted a eutectic temper-
ature as 117.1°C and the eutectic composition asuogld% aluminum, 51,03%

indium and 48.83% tin.

The System Al=Sn

Heycock and Neville (6), in 1890 showed that the freezing
point of tin was regularly lowered by the addition of aluminum, up to
0.48% Al. Addition of aluminum beyond this amount did not lower‘the . "
freezing point further and they gave the maximum as 3°C. Thus, they‘gave

the eutectic as occurring at 228.8°C and 0.487 Al.

In 1896 Gautier (4) published his freezing point curve for the
system. His curve indicated a maximum at 81% tin and a temperature of
5809C. This corresponds to a compound of the composition Al Sn. He had
e minimum occurring at 787 tin and a temperature of 550°C. Eutectic halt

points were not given.

Campbell and Matthews (3) arrived at very similar results, but ;

made the further observation, using a microscope, that the aluminum con-

10
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tained the tim in solid soclution, and that the eutectic at that time was

not resolvable into two constituent metals, but éeemed to be a solid sclution.

Anderson and McLean (2) in their diagram gave the same constant
temperature for the beginning of crystallization of all alloys of 75 to
83%,tin9 thus indicating the possible existence of a miscibility gap in

this system.

_ No compound, AlSn, could be found by Shepherd (14) who claimed

thet there was a solid solution of the composition 207 tin and 80% aluminum.

Gwyer (5) carefully and aécurately determined the‘eutectic:halt
time for each of the various compositions for increasing amounts of tin.
He found that the freezing point curve fell continuously from the melting
péint of pure aluminum to the eutectic (see Fig. 5). By heating the
appropriate mixture of aluminum'and tin for a period of five hours with
constéﬁt stirring ét 710QC, he ruled out the possibility of a slow form-
ation of the compound AlSn, thet is, under the above cenditions he

obtained no evidence for the existence of the compound.

An investigation of this system by Lorenz and Plumbridge (12)
published in 1913, gave results essentially the same as those of Gwyer.
The freezing;péint curve fell continuously from the melting point of pure
aluminum to the eutectic. Furthermore, these authors used microscopic
techniques of investigétion which revealed that all alloys of O to 98%
tin consisted of a primary separation of aluminum erystals in a tin-rich

eutectic. These results are shown in Fige. 5.
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CONSIDERATION OF THE FROBLEM




CONSIDERATION OF THE PROBLEM

The study of the system Al=In-Sn will include the followings
(1) Isotherms for the ternary system will be plotted thus
mapping out the extent of the miscibility gap in the ligquid state. If it
is indicated that the gap is closing up at not too high a itemperature,
several isotherms will be determined in an effort to establish whether
the critical point is, or is not, a true ternary critical point. The

isotherms will be used to construct a solid model,

(2) The miscibility gep in the Al-In system will be isotherm~
ally investigated at higher temperatures, and the critical solution
temperature will be determined, if it does not occur at too high a temp-

eraturs.

(3) The ternary liquidus will be mapped out using thermal

analysis.

(4) The solid phase regions in the ternary system should be

investigated using X-ray or microscopic analysis.

lz,#
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Purity of Metals Used

EXPERIMENTAL

The experiments throughout this investigation were performed

using aluminum, indium and tin which had analyses supplied as followss

Aluminum (from the Aluminum Co. of America 2# notch bar ingot,

99.995% Al)

S5i
Fe .
Cu .
Mg .

Ne .

Indium

e @

Lot Ne.

Cu .

Pb .

Fe »

Zn .

Tl, Ca, Mg

Al, Si, Ag, Mn

L4 ®

L]

®

@

@

. 0.0019%
.6.0007%
+0,0004%
+0.0008%

+0.0005%

Consolidated Mining and Smelting Co., Ltd.)

0.001%
0.003%
0.001%
0.002%
low

trace

Tin (from Batch #73 of Vulcan “Commercial® Tin)

Fe e @ ® L] L4 e ® °® ® L]

Pb .
Sb .

Cu .

Sn .

L] L3 e @ ® @ e

L ® e ® L] e e

@ -4 @ @ e e -]

difference) .

o o 0.,0020%

®

®

trace
0.0023%

trace

99.9957%




Methods of Chemical Analysis

Two methods were used in determining the amount of aluminum
present in a given semple. By the first method the soiution containing
not more than 0.1 gm. aluminum per 100 ml. of solution (the indium and
tin are removed by methods to be described later) is treated as follows:
The solution is made just slightly acidic, and then warmed to 50 to 60°C.
To it is then added an excess of oxine solution (about 10 ml.). The
oxine solution consists of 5% 8=hydroxyquinoline in 2N acetic acid and is‘
prepared as described by Kolthoff‘énd Sandell (). To the solution con-
taining thé excess oxine a ZN:ammonium'aceﬁate solution ié added dreop by
drop until a permanent precipitate appéafs,\and then 20 to 25 ml. more
ammonium acetate is added fo snsure the‘complete precipitation of the alum=
inum. The precipitate of Al=8-hydrexyquinoline is allowed to settle for
approximately half an hour, then the liquid is filtered through a tared
sintered glass crucible and the precipitate is washed with cold water, and

finelly dried at 120 to 140°C for two hours and weighed.

By the second method the amount of alumiﬁum present was deter-
‘mined by finding the demsity of the alloy sample. When the metals inm an
alloy form a mixture, the density of the alloy is an additive property,
and hence by knowing the amount of any one of the three metals préséﬁtkin
the alloy the'other two can be calculated, if the demnsity of the alloy is
known also. It is therefore alse true that the volume of the alloy is the
sum of the volume of aluminum, the volume of indium and the volume of tin
present in the alloy. The amount of aluminum was determiﬁéd by the foll-
owing calculation:

V= V(1n) £ V(sn) # V(a1)

where V = the volume of the alloy



kV(In) :‘theavolume~of‘the~indium"

the volume of the tin

: V(Sﬂ) =
V(41) = the volume of the aluminum
Ve x Ff ¥y f 2 --------- (1)
din dsn dal

where x = weight of indium in the alloey
y = weight of tin in the alloey
z - weight of aluminum in the alloy
dIn;“dSn and dal are the dénsitias of indium, tin and

aluminum respectively

‘The amount of one of the metals present must be known. Let
xy the weight of indium, be known since it can be determiped polaro-
'graphically. Also the volume, V, is measured using a pyknometer, and
the weight of the alloy, W, is found using a balance.

Therefore, y = Wex-2z

Equation (1) may now be written in the form

Ve x F Wxz # =
din dsn day

Now all the quantities except'z in equation (2) are knéwn, and

hence z can be evaluated. Equation (2) may be written in the form

z = {(v- x
{( ‘d-I:;d,@;”W/xg dgl = = = = = = = = (3)

dsn = dAl

The VOiﬁme‘of the alléy was determined using a 10 ml.'pyknemetér
which was calibrated using pure boiled water. The drillings from the
alloy were placed in the pyknometer and weighed. The fineness of the
drillings used gnsured that no air holes were present in the alloy. The

pyknometer containing the alloy was then filled with acetone, the~denSitY,

i
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of‘which was known by & férmer detérmination; and the pyknometer was
tapped while under suction to remove any bubbles of air trapped in the
pyknometer. All the determinations using the pyknometer were made at a
constant temperature of 29.1 £ .03°G, that is, the pyknometer was calibrated
at this temperature by placing it in a thermostatted bath of 29.1 é .03°C
and allowing it to attain equilibrium at this temperature; alsec the
pyknometer containing acetone and the alloy was kept in this same constant
temperature bath until equilibrium was reached. %ThEipﬁknometer containe
ing the acetone and‘the élloy was removed from the Eﬁth gndlweighéd. The
volume of the acetone cculd now be ascertained, since from théjforegoing
measurements its weight could be found. Subtracting the voiume of the
acetorne from the volume of the pyknometer gave the volume of the alloy. At
this point the volume of the alloy and the weight of the alloy are known,
and therefore, it is now necessary to determine the weight of the,indinm
by the polareographic methed and substituté in equation (3) to obtain the
weight of the aluminume. The density of the acetone was found to be

0,7809 g./wl. and that of indium, tin and aluminum were found to be 7.284,
7.275 and 2,703 g./ml. respectively. The literature values are 7.31,

7.29 and 2.703 g./ml. respectively.

The amount of indium present in a sample was determined using
a Sargent-Heyrovsky polarograph. The polarographic method of analysis
was invented by Heyrovsky (7) and the theory of the method is discussed by

Kolthoff and Lingane (9)

This method is based on the interpretation of current-voltage

curves obtained by electrolyzing solutioms of elsctroreducible or electh-



roxidizable Sﬁbstancés, The solution is~p1aced in a cell in Whiéh ohe %
electrode consists of mercury falling slowly in small drops, and the other
electrode consists of a stationary mercury pool. The current at any
point is solely a function of the potential of the dropping electrode,

and is independent of the previous course of the electrolysis. Further-
more, the dropping mercury electrode gquickly attains complete polarigation
and has a high hydrogen over voltage, thus making possible the deposition
of the alkali and alkaline-earth metals. The mercury pool electrode
maintains a virtually constént potential indepéndeht of the applied

15 1% i8S It reﬁains practically depolarized when the solution contains

ions which form insoluble salts with mercury; such ions are the halide
ions,' The addition of potassium chloride, or other chlorides having
'high‘decomposition potentials, makes the resistance of the solution to be
analyzed negligibly small. Since there is no polarization of the mercury
pool electrede, ﬁhe resistance of the cell is due almost entirely to the
procésses taking place at the dropping electrode and solution interface.
In view of the fact that oxygen present in the solution is easily ieduceds
it is removed by bubbling hydrogen through the solution for from five to

ten minutes.

kFige 6 is a schematic diagram showing the principle of the
polarographic method of analysis. The dropping electrods is comnected
through the potentiometer bridge to the negative pole of the polarizing ;
e.m.f. and hence positive ions are reduced at this electrode. The motor
moves the drum and the bridge simultaneously. The current at any‘instant
is traced on the photographic paper by a 1ight beam from the galvanometer.
The sensitivity of the galvanometer is adjusted by means of the Ayrten

shunt connected in parallel.







A curve similar to that shown in fig. 7 is obtained when the

current is plotted against the applied s.m.f. Due to tThe cathodic
effects or to the traces of other materials, a small residual current
flows at firste " whéh the decomposition potential of an ion in
solubtion is reached, slectrolysis begins, and there is a rapid increase
in the amount of current flowing for a comparatively swall increase in
the applied e.msfe During electrolysis the cathode surface is constantly
being renewed as the drops form and fall. At the same time,the positive
ions are being discharged at the cathode. lercury from the mercury pool
anode passes inﬁo golution. and reacts With the chloride ions to form
calomel. Since only the ions in the immediate vicinity of the drop are
removed by being discharged, the concentration of ions in this vicinity
is reduced to zero. This resulis in concentration polarization, A%
this stage, to reach the elsctrode, the ions must diffuse through the
solution; they do not move due to a potential gradient. As the eem.f,
is further increased, the qurrent becomes constant, because the rate at
which the ions diffuse through the solution is constant and equal to the
difference between the concentration of ioms in the soluticn and their
zero concentration at the electrode. This final constant. current is
called the "limiting current", and is dependent on the rate of diffusion
of tﬁe ionsvin question, and hence on the concentration of the ions in
the solution. The relationship between the limiting current and the
concentration of the ions being discharged is the basis for quantitative
analysis. - A solution of known concentration is prepared and a curve of
the type shown in Fig. 7 is obtained, and from it the diffusion current
is calculated., The basis of a quantitative determination lies in the fact
that, if the diffusion current for an unknown concentration is twice as
great as that for the known solution, then its concentration is twice

as great also, etce



The half wave potential is comstant and characteristic for a

particular ion; onm a curve such as that showen in Fig. Ts it occurs at
the mid point or inflection point of the current rise., Since the half
wave potential is constant and characteristic for a particular ion, it

can be used for qualitative analysis.

Because only the ions in the neighborhood of the drop are
removed, the concentration of the solution as a whole is but slightly
altered in obtaining a polarogram. Therefare, it is possible to obtain
more than one polarogram, agreeing within the limit of error, from 6na;
solution in the cell. The main source of error in a polarographic deter-
mination is that introduced in “measuring up" the polarogram, that is,
measuring the step height. This error varies from 1.5 to 1.q% depend=-
ing on the step height. In addition to the advantage that the same
solution can be used for more than one determination, there is the further
advantage that only a small quantity of metal is necessary for an analysis

(0.001 to 0.00001 M),

The actual experimental procedure in the analysis for indium
consisted of the following: The drillings (about 1.0 g) from the;alloy
were~dissolved in dilute hydrochloric acid, and this solution was then
diluted to 500 ml. in a volumetric flask, Of this 500 ml. of solution,
a known portion, the amount depending on the concentration of indium in
solution, was removed uéing a pipette and placed in a 250 ml. volumetrie
flask. Twenty-five ml, of concentrated hydrochloric acid and 25 ﬁi. of
1,0 N potassium chloride were édded, and then the volume of the solution
made upyto 250 ml, Ten ml, of this solution were then saturated with
hydrogen and electrolyzed using the polarograph. From the polarogram

obtained the amount of indium



resent - was = determined by referring to the calibration curve
P 2 .

derived using a solution of known concentration.

T+ was observed that sometimes there was a falling off of
the diffusion current following the completion of the indium wave.
This phenomenon has been observed by other investigators, aznd as yet,
according to the literature, the cause is mét known. It was found that
this falling off could be prevented if the concentraﬁ;on of the indium
was kept low enough and the a;idiﬁy high enough. The.séluticn should
not be made toeacidic however, because the limiting current, instead of
being nearly horizontal on fhe polarogram, tends more and @ore tcward
the verﬁical;‘This is caused by the increasing depositiom of hydrogen
" with increasing applied e.m.fes, thus decreasing the accuracy of the

measurements.

The amount of tin present was determined at first by volumetric
analysis, The drillings were dissolved in hydroéhloric acid in a 400 ml.
Erlenmeyer flask fitted with a rubber stbpper éarrying an inlet tube for
carbon dioxide and an outlet tube. When the sample was diésolved, 50 ml,
of~céncentratedvhydrochloric acid and about one gram of antimoﬁy powder
wore added. This was diluted to 200 ml. A slow current of carbon
dioxide was passed'through the flask, and the solution was boileé briskly
for 30 minutes. It was then cooled by placing the flask in cold water,
while passing a rapid current of carbon dioxide through the flask. When
tﬁe;solution had cooled, starch solution was added and the solution
titrated with 0.0l N iodine. Carbon dioxide was passed through the flask
throughout the titration, and the stopper was 1lifted only far”eﬁough to
permit the burette tip to be introduced into the flask. Anfimony does
not~iﬁterfere with the end point when the solution is cold and‘strongly

acid.



The results obbtained by this method were inconsistent, and

hence the gravimetrié method was adopted. About one gram of the alley
was dissalvéd in 25 ml. of nitriec acid {1l:1)}, and the solution was then
evaporated on a steam bath to a volume of 10 ml. This was then diluted
to 50 ml., digesited at GO to 9006, and then filtered while héﬁ. The
precipitate was washed ten times Witﬁ hot nitric acid (1-20) and trans-
ferred %0 a porcelain crucible where it was ignitsd 4o a constant weight,
and weighed as stannic oxide., This method, though more laborious, gavé
satisfactory resulis. Tin could not be determined polarographically dus

to insufficient equipment.

At this point some information about the necessity. for and the
methods of separating the aluminum, indium and tin from one another shéuld
perhaps be given. The tin analyses could be carried out in the presence
of the other two metals; likewise, indium could be de{@rmined in the
presence of aluminum an& tin. Howevér, in order to determine the amount
of aluminum using 8~hydroxyquinoline it was necessary to remove the
indium, since indium, as well as aluminum, was precipitated by oxine.

The indium was removed by electrolysis {(§). To an aliquot portion of the
solution sulphuric acid was added, and evaporated~until dense white fumes
of sulphur trioxide appeared. This was done to get rid of the hyaro-
’chleric acid, which, if present during the electroysisgyproduced chlorine
gas. This solution was diluted, neutralized with ammonium hjdroxide,

and then buffered with Rochelle salt. The above solution was elect-
rolyzed in a platinum dish (cathode) using a platinum coil as anode,.

The current employed was four amperes, and the time for complete depos-
ition of indium was found to be 2.5 hours. Thke platinum dish‘was.nbw

dried and weighed; the gain in weight would be due to the indium plated



out, and this information was utilized as a check én the polarographic

determiﬁation of indium. It was learned from Dr. N.@. Smith, Associate
Professor cf'Chemistry at the University of Manitoba, that Rochelle

salt inﬁerfered with the precipitation of the zluminum by the oxide. Two
different precipitations under these conditions, however, were madé;we
but there was some doubt as to their accuracy in view of the ageve infor=
mation. The Assay foicenof the Consolidated Mining and Smelting Cosz,
Ltd, suggest that aluminum be determined by precipitating it as aluminum

phosphate, after removing the indium and tin.

To avoid using Rochelle salt the solution, after being nsutral-
ized with ammoniﬁm hydroxide, was made slightly acidic with acetic acid
and bufferea with ammonium acetate. This produced a very viscous sol-
ution, which, when electrolysis was attempted, produced a very firm foam
which rose to a considerable height above the pla{inum dish and event-
uvally overflowed. Attempts to reduce the viscosity by adding dilute
sulphuric acid were unsatisfactory, becaﬁse the inéreased acidity was too
great to permit the deposition of the indium. More time could not be
spent perfeéting this technique, and it was therefore discarded in favor

of the determination by density already discussede

Isothermal Analysis
(a) Introduction
Fcr isothermal analysis it is necessary to have some means
of controlling and meintdining a constant temperature. Since ordinary
mercury regulators are not suitéble for céntrollingfhigh temperatures,
the method usually employed involves the use of a thermocouple. The thermo-

: couple
is connected to a galvanometer. A light shines on the galvanometer mirror ‘



and is reflected back on a photoslectric cell, which in turn is con=-

nected to

an electronic control. The electronic control operates a

relay which regulates the amount of current delivered to the furnace,

¥re. KoI. Roulston, Assistant Professor of Physics at the

University of Manitobz, designed the electronic control which was used

throughout this investigation.

The parts

(b) Apparatus

Fige 8 schematically illustrates the electronic control.

in the circuit and their values are as followss
Ry = = = = = 10K Rg = = = = = 250K

Ry = = = = = 200K Ry = = = = - 200K

Ry = = = = - 200K R§ -~ - = - = 5K

Ry = = = = = 301 Rg = = = = = 75K

Ry - - = - = 200K Rig- = = - - 200K

Ry = = = = = 100K
Ti ~~~~~ Hammond'Type 275 transformer

| C] = = = = = 24 microfarads

Iy === == 30 henries
Lp = = = = = Aminco “supersensitive™ Hg relay (600 ohms)
6C6 = = - - - a triple grid amplifier tube used to amplify

any impulse frqm.the photo«éélls
N7 - = = = = a duc triede type tuge used io operate the
N relay '
5Y4¢ = - = - a full wave rectifier duo diode type tube

Two 927 photocells






When the beam of light from the galvanometer mirror falls on

the photo-cells, which are connected in parallel, the potential, where
the resistor, R4, is connected to the cells, is lowered. Hence, the
potential of the number one grid of the 606‘tube is lowered and the anode
potential raised, ‘This then raises the petenfial at the sliding contaect
of resistor, R4, and this in turn causes the potential of the left grid of
the 6NT tube to increase. As the grid potential increases, the anods
potential decreases until the reléy, Lo, releases. This condition is
maintained as long as the light falls on the,phptécells. When the beam
of light méVes off the cells, the‘action is the reverse of that Just
‘described. The function of the 5Y4G tube, the transformer T1, the induct-
ance Ly and the capacltance €1 is to convert the A.C. 1nput into D.C, and

to supply the proper voltages to the various parts of the circuit,

The control was mounted on a metal chassis and the leads to

the photocells were of metal-sheathed cable. The sheath as well as the
chassis were'grounded. The entire circuit used for the temperaturs control
is shpwn in Fig. 9. The desired temperature was obtained by adjusting the
varioué parts in the circuit. A certain e.m.f. would be produced by the
thermocouple with the cold junction at one fixed temperatufe and the hot
Jjunection at another fixed temperaturée This e.m.f. was set on the pot-
entiometer, and, with the knive switch closed, the S.P.D.T. switch was
thrown to close the circuit between the backing e.m.fs and the potentio-

meter. Any desired backing e.m.f. was produced by a six-volt lead stor-






age battery with a 200,000 ohm resistance connected'in series, and a
dial resistance box, Ry, connected in parallel. How, with the circuit
between the potentiometer and the backing e.m.fe closed, the résisﬁance,
Ry, was adjusted until the backing e.m.f. was balanced against that set
on the potentiometer. The backing e.m.f. now has the desired value.

The ciréuit is so arranged that, when the S.P.D.T. switch is open and
the D.P.8,T. switch is closed, the e.m.f. of the thermocouple is opposed
by that of the backing e.m.f. With the backing com.fs sot ‘the desired -
potential, the 5.P.D.T. Switch was opened and the D.P.S5.T., switch closed.
As the temperaﬁufe in the furnace rises, the e.m.f. produced by the |
thermocouple inéreases, thus causing the light beam from the galvan-
ometer mirror in the’electronic control circuit to move toward the photo-
cells., When the temperature in the furnace reaches the point where it
causes the thermocouple e.m.f. across the resistance, Ry, to equal that
of the backing e.m.f., there will be no current flowing in the circuit,
and, fharefore, the galvanometer will not be deflected; the light will
fall on the cells, The elecironic control then trips a reléy which
throws extra resistance, Rp, into the furnace heating circuit. The fur-
nace coolsrslightly causing the e.m.fe of the thermocouple to decrease,
and, since the two opposing e»m;QQI; are no longer équal, éfslighf current
flows in the circuit, thus causing the galvanometer to defléc£ off the
cells. As soon as the light falls off the cells, the relay is tripped
the other way, the resistance, Ry, is cut out of the circuit, and the
furnace begins to heat up againe The processAkeeps repsating, thus main-

taining a constant temperature.

The>S.F.D.T. switch zcan’ be thrown, either to close the circuitb

between the backing e;m.f. and the potemtiometer, or to close the circuit




between the thermocouple and the potentiometer. With the latter circuit
the e.m.fs of the thermocouple :-can be determined directly, and hence

the temperature of the furnace -can’ be ascertained.

The Leeds and ﬁorthrup galvanometer, Type 2400, had a sensit-
ivity of 0.003 microamperes per mm. at one metre. The léads to this
galvanometer were shielded in grounded meial casings to avoid any possible
interference with the current in them. Fig. 1@ shows the galvanometer,
lens, light source and photocells. These were mounted in a box six feet
long, sim inches wide and a foot highs their relative positions were as
indicated in the diagram. The light source was a Mazda #2330 automobile
headlight bulb which was operated on a b=yolt alternating current. The
purpose of the slit was to reduce the light to a narfow parallel beam,
The interior of the box was painted black to minimize internal reflec-
tion of iight. The two photocells were arranged in such. a menner that,
if the light beam movéd past the first, it would strike the second. As
a further precaution, a mirror of polished néckel was placed beside the
cells at such an angle that the light beam, if it moved past the seocond
cell, would be reflected on the cells, thuslstill maintaining control,
In practice, when the heating circuit was carefully adjusted, the beam

did not move beyond the second cell,

It was found that at 700°C the temperature could be controlled
to within Z 1.°C, vhile at 900°C it could be controlled within / 2°C.
Theklimitinglfactor that determined how accurately the temperature could
be controlled was the voltage of the power source. It varied consider=-
ably during the day, thus making better control impossible.  With the
power source voltage.constamt, the power input would be constant result-

ing in more accurate control.

o






The furnace used was counstructed in the laboratory in the
following manners Two pieces of rubber tubing with an exbternzal diamster
of fivevsixteenths of an inch were'wound parallel tc one another twice
around a cylindrical cardboard box four inches in diameter. The pitch
of the winding was about two inches per turn, so that the two turns
extended a total distance of four.inches up the side of the box. The two
pieces of rubber tubing had a common starting point at the top and a
common ending point at the bottom, but elsewhere in the spiral tﬁe dig-
tance between them was one inch. The box with the tubing wouid around it
wa.s placed vertically in the centre of a galvanized thin Sheetbiron cylin-
der, five inches in height and seven inches in diamster. A fifty=fifty
mixture of "Ins@lute" cement and sand with water was poured into the space
between the cardboard box and the iron cylinde?. This was allowed to set
by placing it in a large drying furnace for two days duriﬁg which time
the temperature @as raised gradually from 50°C to 150°C. Vhen the furnace

~block hed hardened, the iron cylinder'“‘was taken offy the box wes

removed by collapsing it, and the rubber tubing was removed léaving behind
grooves to support the heating elaments.' Two holés were drilled in the
side of the furnace block to admit copper terminals five-sixteenths of

an inch ih digmeter. Two nichrome heating elements of 1700 watts eéch
were wound in parallel inside the furnace block and connecfed to the

terminals,

fhe furnasce, four inches in intérnal diameter and five inches
in height, was placed on a circular piece of asbestos hoard, one quarter
of an inch in thickness, which rested on a mortar stand, two inches in
height. The stand was in the centre of the base of a galvanized thin

sheet irom cylinder, seventeen inches in diameter and nine inches in




height. The furnace terminals protruded through two holes in the galvan=-
ized iron cylinder. The space between the furnace block and the iren
cylinder was insulated by filliug it with asbestos powder. A 1id contain-
ing the necessary holes for the thermocouple, etc. was made of transite,

one quarter of an inch thick.

A chromel P-Alumel thermocouple was used, and arranged as
shown in Fig. 9. The Chromel and Alumel ends in the cold junction bath
were atbached to copper wiress this did not affect the thermocouple

e.m.fo (Law of Successive Contacts).

The e.mefs 0f the thermocouple was measured by means of a

. Leeds and Morthrup Type K-l potentiometer along witl a Leeds and Northe
rup Type P wall galvanometer of sensitivity 0.0015 microamperes per mme
Because the uncertainty in any egméf. reading was less than 10 microvolts,
which corresponds to about 0.25°C, it was possible to measure any temp=

erature to within fOe5°C.

The cold junction ends of the thermeccuple were placed in two
20 ml, test tubes dipping into a two=litre beaker of water thermostatied
at 29.1 f .03°C. The tops of the test tubes were filled with insulating
matérial to prevent conwection currents. A mercury regulator in the
water bath was connected through a relay to the heating element which

consisted of a 40 watt light bulb.

The thermocou?le was calibrated using the following poinbss
Sn = = = = = Freezing Point 231.9°C
Al = = = = = at " 6595900

Ag ~~~~~ " n 960e503



A curve showing the variation of e.m.f. with temperature of
a standard Chromel P=Alumel thermocouple was plotted on a large scale
using the data given in "Temperature - Its Measuremenit and Control in
Science and Industry" (16). The calibration point e.m.fss were plotted
on the same graph, to allow the shape of the standard curve to be used
as a guide in drawing the calibration curve. The calibration éoint
8.m. 8. were obtained by adding the e.m.f. for 29.1°G to the observed

e.m.fe for the known hot junction temperature.

To prevent oxidation of the alloys at high temperatures the
ammonia cracker, designed after that of Larson {11} and built by Skinner
il5},‘was used Lo produce a reducing atmosphefe consisting of a mixture
of hydrogen snd nitrogen gases. A current of 7 amperes was necessary to
operate the cracker at about 600°C., TFor a complete description and
set up of this part éf the apparatus, Skinner's thésis {15) should be
consulted. Some of the metal joints had to be brazed to p£é§éﬂt leaks,
and a new heating coil and neﬁ gagkets were necessafy before the crécker

was put into operation.

(¢) Procedure
Vafious procedures were used in an effort to eliminate

the difficulties as they arose. In the early part of the work the
metals were cuﬁ'info smell pieces, plaged in 20 ml. Pyrex test tubes and
melted down in the induction furnace. The composition of theaglloy was
made such that it fell well within the miscibility gap region. Ip‘order
to reduce oxidation to & minimum the test tube was sealed off just above
thevsurface of the alloy. The test tube containing the sample was
inserted in a snugly fitting cylindrical Srass crucible, four inches in

height, and placed in the furnace. The furnace was then heated to, and




maintained at, any desired constant temperature for as many hours as

necessary by the method already described. The sample was then quenched
by quickly but carefully removing the brass érucibls from the furnace
and plunging it into ice water. Care had te be exercised toc ensure that
the crucible always remained vertical, that the water did not flow over
the top of the erucible and hence into it, and that the crucible was

not shaken or undnly Jjarred. These precautions were necessary in order

to preserve the separation‘of’the two immiscible layers. The quenching

time was five to six minutes. Drillings for analyses were taken from the
top and bottom layers of the‘sample;which,kafter being removed‘from‘thé
‘crucible aﬁd test tube, had been sawed varticallﬁ in two. ‘The cbm@éSitién
of each of the two layers was_plbtted on an‘equilateral tiiangle graph

(ses Fig. 12), and these two points were joined by a "tie line",

'It was noticed near the beginning of fhis wprk‘that, when the
drillings from the layer rich in aluminum were dissolved in hydrechloric
acid, a black insoluble residue appeared. This was thought to be stannic
oxide and it was taken into abcount as such when meking the calculafions,
The appearance of this same precipitate in the‘biggry alloy, Al=In, reve

ealed that it was not a tin compound. The results, ﬁhen‘an x-ray powder

photograph of this substance was measured up, were as shown in Table II.

Thanks are due to Dr. R.B. Ferguson, Assistant Professor of Mineralogy,
University of Manitoba, who assisted in obtaining the powder photograph
shown in Fig. 11. The measured values of d in Table II checked with those
for crystalline silicon, thus showing that siliﬁbn had been introduced
into the system. The silicon was produced by the reduction of silica in
the glass test tube by the molten aluminum; therefore, glass test tubes

could not be used.



Fig.ll
X-ray powder Fho’fagraph of Silicon

taken with copper vadiation mickel filter




Alundum (aluminum oxide) ecrucibles would not react with any of
the metals in the system, but their shapes were not what was required
in order to secure good quenching, but, since nothing else was available,
two sizes of these were tried. The first, one and three-eighths inches
wide and three and three-eighths inches high was unsatisfactory, since
the sample in it was too bulky to allow proper quenching. The second type,
one inch in diameter at the top, half an inch in diameter at the bottom,
and one and one-eighth inches in height, was then used. The procedure
in this case was the same as that used with the test tubes, except‘that
now, since no air tight lids fpr these ¢rucibles were;avgilable, oxidation;‘
could not be prevented to the:saﬁa exféhﬁ aékformefly. However, a few
trials indicated only very slight bxidétion éi thektemperatufe that was
being used, so that air tight lids were not really an essential, Quenching,
on the other hand, was a serious problem. The ice water could not be any
more than an inch and a half deep owing to the height of the brass molds
that were made to hold the crucibles when placed in the ice water. The
use of molds was in itself an undesirable feature, yet the hot Alundum
¢rucibles themselves could not be plunged inte cold water. In many cases
it took as long as ten minutes for the alloys to cool to about 50°C when

quenched, using the technique just described.

Liquation is very rapid in this system, and it was found that

its effects were vitiating the results of the investigation.

It was decided to try the following ﬁethod: A clay tube was
inserted into the upper layer, and a portion drawn into the tube by suction.
Solidification occurred in the tube as the Liquid came in contact with
the ccoler upper part of the tube. In a few cases, at 700°C, a little of

the liquid ran out of the tube as it was being withdrawn from the furnace,




This heppened in every case at SOOOC, and was due, evidently, to the
fact that the aluminum had separated out on the walls of the tube, and

the indium had run oute

In view of the above, it was necessary to anslyze the whole
portion withdrawn. Because of the separation of the aluminum and indium,
the portion near the top of the tube contained much more aluminum thak the
pqrtién near the bottcm;‘this could be observed by the fzct that the
upper poriion was‘mucg harder than the lower. The analysis of the total
sample that entered the tube was essagtials since what entered the tube
was necessarily the'required upper layer. In the instances when some of
the indium ran out, the analyses would indicate less indium in the upper
aluminum-rich layer than was actually present. 1so, at 800°C a small
amount of a blackish precipitate; imsoluble in hydrochloric'acid, was

present; this could be silicon reduced from the clay tube.

Attempts to draw off the bottom indium-rich layer in this manner
_were uvnsuccessful, owing to the fact that the liquid flowed ocut of the

tube when it was withdrawn.

To obtain the céﬁ@osition of the lower layer, the method adopted
consisted of quénching the sample which was contained in a thermocouple
guard tube sawed off to the required length, and sealed off at one end
by fusing it in &n ozygen gas flame. This tube waﬁyinserted into a brass
tube which was closed by pinching the ends in a vise. The diameter of
the tube was about a quarter of an inch,‘and with the above arrangement
the quenching time was approximately one minute. In order to get the
metals into the tube, the pieces had to be gquite small, ‘This was
undesirable, because a layer of oxide would form bn the metals, sxpecially

on the aluminum, thus preventing the mixing of the alvminum with other

metalse
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One of the Al-Sn samples, No. 13, was subjected t¢ the Brinell
hardness test. Thanks are due to Mr. D. Thompson, of the Engineering
Faculty, who'carried out this test. Two series of hardness reading were
taken in a line from top to bottom using the Rockwell E Scale. These

readings are given in Table IIT,

The microscope was used in this work also., Some of the samples
were polished, etched with 0.5% hydroéluoric acid, and examined undgr the
microscope. A sa@ple was first filed roughly flat, and then a plane
surface was obtained using abrasive powders. Next, the sample was pol-
ished successively on O, 2/0, and 3/0 abrasive papers, using a s?lutien
of paraffin in kerosene as & lubricant. The sample was washed in hot
kerosene when changing from one paper to the next. The final polish

was applied using jewellers® rouge and a suspension of magnesium oxide

in distilled water on a cloth lap.




RESULTS



EESULTS.
TaBIE IT

X=BAY POWDEFR PHOTOGRAPIHI DATA FOR SILICCN HEDUCED

R
A .
FROI PYHEX GILASE BY ALUMINUM

ey

R IL{or centre) 28 8 =8 d{mezs)
58440  29.80 2846 14430 341121
67490 ' ; 20,40 47,5 25.75 1,987
72420 : 16630 56el 28 . 05 1o 6BAY
78480 44,15 e 34,66  1.3520
82,30 " . 58,15 L2444
88.25 B cm—— 44,10 1.1046
91,95 o SR, 47460  1.0410
o7.60 "o e 53445 0.9569
102,30 wo — 57415 049150

107.90 | " ——— 63475 - 048571
112,50 o - 68 ¢ 35 048270
117460 W R 73445 0.8019
123450 | " R 79435 047822

on



£
9o

i
¢

D
O

fes!

w
w
g
@

eng

o

1014

Fa

o3
L

e

101.8

o4

d0%ae

e
g
L]

b

4

3

(]
g

A}
LY

0

4

O
o
£°%

[io}

[
(o
[}

£

®
o
o
[

99.8




Alloy Time in
No. furnace

ghoursl
48

48
48
48
48
48
72
72
72
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TABLE IV

COMPOSITION BOUNDARIES OF THE TERNARY MISCIBILITY

(The semples were contained in Pyrex glass test tubes)

GAP AT 700°C

Approximate total
composition

ZAl _%In _ZSn

60.
55
45,
43

- 32,

70.
28.

21.

65.

70.

29.
27.
25,
27.
30.
30.

24,
20.
28,

.30.

11.

18. -

30.

30,

38,

48,

59.
Te

Al-rich layer

%A1
73.0
T1.5
74,2
5346
58,2
15.2
31.0
61.4
76.9
79.6

yAs.
16.8

14.4

8.2
20,0
14,5
24.8
21.5

4.4
17.2

20.4

Al

10.2
14,1
17.6
26,4
27.3
475
34.2

59

an as e

In-rich layer

141

4.1
8.4
6.3
4.6
8.1

1.9

Zin
80.8

63.8
47.1
51.2
44,6
98.1

26.6 25.3

8.7 24,7

2.4 83.4

1.9 98.1

yASH

15.1
27.8
46.6
44,2
4123
48.1
66.6

14,2

= =
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TABLE V

COMPOSITION BOUNDARIES OF THE ALUMINUM-TIN MISCIBILITY
GAP AT 700°C
‘{Alley No. 11 and alloy No. 12 were centained in Pyrex

glass test tubes, and alloy No. 13 and alloy No. 14
were contained in Alundum crucibles)

Alloy Time in
Neo. furnece Al-rich layer Sn-rich layer
(hours) ZA1  4sn ZAL  Zsn
11 72 43,8 56,2 20.1 799
12 72 (no two layers) top 63.6% Sn
| middle 64.3% Sn
bottom 65.2% Sn
13 72 (ne two layers) top 68.3% Sn
Middle 71.7% Sn
72.5% Sn
Bottom 71.87 Sn
14 72 (no two layers) Top 65.6% Sn

Bottom 70.0% Sn
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Alloy
No.

15
16
17
21

22

TABLE VI

COMPOSITION BOUNDARIES OF THE TERNARY MISCIBILITY
GAP AT 700°C

(The semples were contained inm Alundum crucibles)

Time in Approximate total
furnace compesitions Al-rich layer In-rich layer

(owrs) %A1 ZIn #Sn AL AIn fsm fu fm  fom
72 39, 32, 29 55T 19.2 25.1 8.7 54.6 36.7
72 700 30. === 1.1 22,9 === 2,0 98,0 =-=
72 45, 42, 13, 74,0 17.3 8.7 4.9 75.5 19.6
72 31, 29. 40, 44,7 20.7 346 6.9 43,6 49.5
72 26, 24, 50, 32,2 22,0 45.8 23.§ 24.7 51.8
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TABhEkVII
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COMPOSITION BOUNDARIES OF THE ALUMINUM-INDIUM MISCIBILITY GAP

Alloy
No.

18
19
20
20
20
23
23
24
24
25
25
26
26
27
28
28
28

(The samples were contained in Alundum crucibles)

Time in  Temperature

furpece of furnace
{nours) (°c)
72 700
72 700
60 700
108 700
132 700
36 650
60 650
24 800
60 800
24 800
24 800
3 800
20 800
48 800
48 800
84 800
90 800

Al=rich layer

2 ZIn
v7é.8 21.2
81.6 18.4
78.8 21,2
175 22,5
T7.1 22,9
81.7 18,3
81.4 18.6
71.6 28.4
66,6 33.4
79.9 20,1
T4ed 25,6
72,6  27.4
69.6 30.4
67.9 32.1 -

In-rich layer

%Al
2.9
2.6

o el

RareI

3.9

2.9

v eney

7.8

weneEs

-

In

97.1
97.4

o eoasr
- eme
oDen oz
o wa
e euesy
o anee

96.1
97-1

o e e

92,2
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TABLE VIII

COMPCSITION BOUNDARIES OF THE ALUMINUM-INDIUM MISCIBILITY GAP

(The samples were contained in Alundum crucibles)

Temperature Al=rich layer In-rich layer
%) Zin_ Z1n

) 650 18. 6 ) e

700 | 22,7 96,6

800 - 32,0 92,2



DISCUSSION OF RESULTS




L1

Although the values given in Table IV are obviously
feulty owing to the presence of silicon in the system, they
are, Qeverthelessg plotted im Fige 12 to illustrate their
erratic nature., As eisewhere pointed out, silicon was
identified by means of the Kéray powder photograph shown in
Fige 11. Fig. 13, a photomicrograph of a section of alloy
‘\No. 1z, shows a silicon erystal magaifiéd 200 times its

original sizes

Before the silicon was detected as such, the position
of the tie lines indicated that there probably was a miscibility
gap in the AleSn system. Such a gap had been indieated by some
of the earlier investigatidns» A check on this system seemed to
indicate thatﬂthere~indeed was a gaps but the gap‘@bSexved at
~this température would have been a gap in the ternary systam |
Al@SnGSi@ The:presenee of this gap is not a @ertainty“because
at’this time the alloys were being quenched im Alundum crucibles .
for'which the Quenching time was often about ten minutese‘ The
results obtained during this investigation are given in‘Table V,

and these; except the result for alloy No. 11, do not indicate

& gapPe

The éXpeeted»boandary between the two immiscible
layers was‘absent in sample No. 22, at least it could not be
‘seen with the naked eye. To be sure that no boundary existed
the sample was polished,wetched and examined under a microscopes

No boundary could be found, but there was a gradual change im
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the relstive amounts of the phases present from top to bottoms
‘_A photomicrograph of a section of the top part and one of a
section of the bottom part of the sample were taken, and these
are shown in Figs. léa and 14b respectivelyo These photo=
m&cragraphs clearly lndieate the d;fference in the relative

amounts of the phases»

The results ef the Br;nell hardness test teken on

- sample Nba 13, in v1aw of thelr agreement, indicate that the ‘

sample is homogeneouse‘ This is in geod agraement with the
evidence presented by the analysxs result f@r sample Nos 13
given in Table Vg | | E

- The validlty of the results listed in Table VI end
plotted in Figg 15 are questlonable, for altheugn ne s;lican

WﬂS pr@sea,qinzthese samples, the rate ef quenehing was c@ma

paratlvely slow, and eensequently liquatlen weuld be extensivegk

d;fferent frem thase obBalned when the large;

were . usedei The percentage of alumAnum in the ladiumwrieh layer |
was @bserved ta be higher when the guard tubes were useda This
could be attrlbuﬁed to the fact that, with the bett@r quenahlng
obtained by using the small tubes, liquation Was censiderably
reduced. Although it was known tnat‘there‘was‘some‘liquatloaa
the extréme~rapidity with which itkoecurréd was ﬁét discevered
until work at 89906 on the Alwln,sgstém wasjbegun, Both ébjeca
tiéas already raised aré appliéable to thg results in Table Vs
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More accurate values‘are given in Table VII. The
quenching time for these determinations was approximately one
minute and hence liquation wes reduced to & minimum. In two
or more imstances the quenched samples indicated that the mixing

of the metals had not been complete, owing to oxidations The

‘results of these analyses were discarded. At 800°C the thermo=

eeuple;guard crueible was attaeked by the alloy, thus making the
result at thls temperature doubtfula The fact that, at 80@%,
some of the allay ran out of the elay tube into wnich it was
drawn was alsg an objectlonable raetera The elay;tube hed to
be‘broken ta remove the solidified sampleg and those samples
drawn off at 80003 contained small amounts of a blackish pre=
cipitate; lnseluble in hydreehloric aeidg Thls precipltate,
not present ig the samples drawn off at 650t@ 700 degrees Gy
and as yet unidentified, is probably s;l;coa reduced fram.the
clay tube.~ Those po;nts whlch are eensidered to be the best
values, or mean value9 in Table VII, are giveﬂ in Table VIII

and plotted in F;ga lég

Ir the above mentiened prec kétate is sa_llc@n3 it

could ‘be eliminated by us;ng alundum instead of clay tubesa

fFurtnermeres in view of the fact that s@me of the sample always

ran out of the tube at. higher temperatures, it may be necessary
to use g m@ekanical device made of Alundum to remave e portlon
for analysise. An Alundum tube having a rem@vable bottom, cap

or plug, eould be lowered into the desired layer, the cap

could then be removed allowing the liquid to flow into the tube@
the cap would then be replaced, and thus a portion withdrawne A

tube of this type would have to be specially made, Anather and
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simpler alternative is to quench the sample. It should be
pointed out that the eompasition'of the alloy could be made
such that, at the equilibrium temperature, there was either g
large upper layer or a large lower layer, depending on whether
the overall composition was just inside the gap on the aluminums
rich side, or just inside on the indiumerich side. This is
actually what was done in ﬁhe Al=In investigation, and hence two
different samples were‘used, one to give the upper layer and
another to give the lower layer in eq&ilibrium with it at a
certain temperature; For example, when the points at é569@‘and
‘at 700°C were plétted and joined‘in‘Figa lé, it was estimated
from the slope of the composition boundary that one sample cone
taining 45% 1ndium and enother containing 80% indlum would be
well within the gep at 800°Go Therefore a sample contalning
L,5% indium was placed in an Alundum erubible in the furnace at
800°C and porti@hs of the top layer were withdraWn by suction
and analyzede At the seme time a sample containing 80% 1ndium
was placed in s guard tube in the furnace. This sample was
quenched and drillings from the lower indiumﬁrich layEr were
analyzed. These analyses gave the two p01nts at 80003 shown

in Fige lé,

N

The fact that in several cases the amount of indium
or aluminum in g layer was not as arge as expected indlcated
that the metals were separating very qulekly as the allay cooled,
For example, when slloy No. 27 was not quenched rapidly enough
the analyszs gave about L4e0% aluminum instead of 7.8% aluminum

as given 1n Table VII«

L3a
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SUNMARY

The binary miscibility gap of the system Al-In
is closing in with rising temperature more rapidly

than might have been expected (Fige. 16).

In the ternary system (Fig. 15) the indications are
that the critical composition at 700°C is approxis
mately 26% aluminum, 24% indiunm and 50% tin.

The possibility of a gap in the system Al=Sn was

investigated. The results are not conclusive,

It hes been established that the metals separate

- very rapidly when the alloy is cooled.

A method of analysis has beem perfectedo It con=

‘sists of determining the amount of aluminum by

density, the amount of indium polarogravhically and
the amount of tin gravimetrically, When the
guantity of a sample was too smell for a density
determination, the amount of indium and the amount.
of tin was determined, and the amount of aluminum

was teken as the differencee
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