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INTRODUCTION

While a large amount of work haé been undertaken to
determine the effect of pressure on most of the equilibria
possible in one and two component systems, virtually no
work has been carried out in the study of the effect of both
pressure and temperature on solid-solid equilibria in binary
metallic systems. Bridgman (1-6) has done the majority of
the limited work on such solid-solid equilibria. Bridgman's
work is summarized in a series of six articles published
from 1953 to 1957. However, all of his work was at room
temperature.

The cardinal objective of this investigation was the
determination of the thallium-indium phase diagram as a
function of composition, temperature, and préssure. The
majority of the work to be described was concentratéd on
the thallium-rich end of the phase diagram. Some reasons
for this choice are the following. First, the thallium-
rich region of the phase diagram shown in Figure 1 is based
on a small amount"of data reported by Guttman (7) and Valen-
tiner (8), thus additional study of this region would be

profitable. Second, no work had been done to determine the
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effect of pressure on the HCP-BCC transformation of thailium
when indium is present in solid solution; however, the
effect of pressure on this transformation in pure thallium
had been determined by both Werner (9) and Bridgman (10).
Third, Bridgman (3,10) has reported the existence of an
additional phase of pure thallium which is stable at high
pressures. This has been corroborated by Kennedy and LaMori
(11) and Boyd and England (12). The temperature-pressure
phase diagram of pure thallium reported by Bridgmén-(lo) is
shown in Figure 2. The effect of indium on the transforma-
tion of HCP-thalliﬁm to the high pressure form at room tem-
perature has been investigated by Bridgman (3).' The results
of his investigation indicated that at room temperature the
pressure necessary for the stability of the high pressure
form decreases with the addition of indium and approaches
ambient pressure in the region of 30 to 40 per cent indium.
Bridgman's results are consistent with an earlier phase
diagram of the thallium-indium system (13); however,
Bridgman's results are inconsistent with the more recent
phase diagram (14) shown in Figure 1 which indicates a max-
imum solubility of about 15 atomic per cent indium in HCP-

thallium. Fourth, Schneider and Heymer (15) and Sekito (16)
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of thallium at ambient pressure. These observations of a
metastable FCC allotrope of thallium at ambient pressure
coupled with the results of Bridgman (3) suggest that the
structure of the high pressure allotrope of thallium may be
FCC. One of the prime objectives of the present investiga-
tion was to determine whether the pressure-composition-
temperature diagram of the thallium-indium system is con-
sistent with this hypothesis.

The determination of electrical resistivity és a func-
tion of pressure and temperature was the primary method used
in this investigation to determine the positions of the
various phase boundaries. Thermal analyses were unsatis-
factory for the determination of the phase diagram at ambient
pressure because of the small enthalpy changes associated
with the transformations. For instance, the enthalpy change
associated with the HCP-BCC transformation in pure thallium
is only about 0.4 calories per gram while, in contrast, the
changé in electrical resistivity is several pér cent.
Similarly, pressure-volume measurements were undesirable
because of the small volume change associated with the HCP-

BCC transformation; this volume change was found by Bridgman



(3) to be of the order of 0.1 per cent. With addition of
indium to thallium, this small volume change would be
smeared over a range of pressure and temperature and would
become undetectable by cénventional pressure-volume measure-
ments. Thus only x-ray measurements were made to supplement
the resistivity data. The x-ray measurements were made at
room temperature and ambient pressure ﬁo determine AV of

mixing for the system and to determine the effect of indium

on the lattice constants of HCP-thallium.
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Sample Preparation

The majority of thé alloys were prepared from thalliuﬁ
and indium having a purity of 99.999 per cent. A few alloys,
which were used in preliminary measurements, were prepared
from materials having a purity of 99.9 per cent. Differ-
ences between the data obtained from samples prepared from
these two grades will be discusséd in subsequent sectiomns.
The high purity thallium was obtained from the American
Smelting and Refining Company. A spectrographic analysis
was furnished with this material. This analysis indicated
1 ppm magnesium, <1 ppm lead, <1 ppm copper, and the follow-
ing elements were listed as not detected: antimony, |
manganesé, tin, silicon, chromium, nickel, bismuth, aluminum,
calcium, indium, cadmium, zinc, and silver. By difference
the purity of this thallium was 99.999+ per cent. High
purity indium was obtained from the Consolidated Mining and
Smelting Company of Canada. The purity of this indium was
specified as 99.999 per cent, and a typical analysis by the
supplier of this grade of indium shows the presence of 2

ppm each of lead and tin and 1 ppm each of copper, thallium,



.

and cadmium.

All of the alloys used in this investigation-were pre-
pared by casting the desired quantities of thallium and
indium in Pyrex crucibles which had been coated with Aquadag
to facilitate the removal of the alloys. To avoid oxidation
the crucibles were either evacuated or filled with helium.
The éontents of the crucibles weré melted with a Meeker
burner, homogenized by agitating the molten alloy for a few
minutes, and then quenched."In order to minimize composi-
tion gradients in the alloys the slugs produced in this
manner were formed into rods about 1 mm square and 1 meter
long by means of a rod roller, cut into several hundred
sections, and recast in the same manner as the original
slugs. The electrical resistivity and Debye-Scherrer x-ray
data were obtained from wire samples produéed'by swéging the
recast slugs. Sections of some of these wires were rolled
to thin foils for use in a symmetrical focus;ng back reflec-
tion powder camera.

Samples for chemical analyses were cut from both ends
and the center of several wires in order to check their

homogeneity and composition. The two end sections and the

center section of each wire were analysed separately for
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samples indicated random deviations from the nominal compo-
sitions of 0.1 weight per cent along the wires. However,
the average of the compositions found for the three sections
of any given wire were within 0.02 weight per cent of the

nominal composition.
X-ray Measurements

The.ﬁajority of the diffraction patterns were obtained
with a symmetrical back-reflection focusing camera. All of
the patterns of the hexagonal phase were obtained with this
camera. Some of the patterns of the other phases were
obtained with a Debye-Scherrer camera. The samples which
were used for the x-ray measurements were annealed for about
one hour at a temperature 20-30°C below their respective
solidus temperatures. The phase transformations near room
temperature are sluggish, therefore, after the samples were
annealed they were equilibrated“at room temperature for
several weeks before being used for the x-ray measurements.

Precision lattice constants of the cubic phases were
determined by extrapolating the lattice constant calculated

from each reflection against the Nelson-Riley (17) function.
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on iattice constanis for the tetragonal and hexagonal

E

Frecis
phases were determined by Cohen's method (18); The standard
errors calculated for the lattice constants were generally
about 0.00005 A; however, the significance of this number

is questionable since the x-ray patterns did not contain a
statistically‘large number of reflections. A more signifi-
cant measure of the precision of ﬁhe lattice constants was
obtained by comparing the lattice constants calculated from
several patterns of the same alloy. These lattice constants
generally agreed to within 0.0005 R. The lattice constants
reported in subsequent sections are average values of the
lattice constants obtained from several patterns of each

alloy.
Determination of Electrical Resistivity

Measurements of relative resistivity values were made
on wire samples approximately one millimeter in diameter and
one meter long. The resistance was measured by passing a
constant current through the sample and measuring the poten-
tial difference between two probes with a Leeds and Northrup
model K2 potentiometer. At ambient pressure resistivity

measurements were made on samples which were wound on a
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glass form and submerge
The temperature of the oil was controlled by electrical
resistance heating and measured with a calibrated mercury
thermometer. Thermal gradients were minimized by continu-
ally stirring the oil. The solid-solid phase boundaries
were determined from the temperatures at which changes in
slopes and/or discontinuities occurred in plots of resis-
tivity versus temperature. At the solidus temperature
partial melting of the sample occurred which produced an
open circuit. Thence, the solidus temperature was assumed
to be the temperature at which the resistance of the sample
became infinite.

The samples which were used for resistivity measure-
ments as a function of both pressure and temperature were
wound on a teflon form as illustrated in Figure 3. This
assembly was placed in a beryllium-copper pressure cell
which is shown in Figure 4. The working volume within this
cell is a cylindrical region approximately two centimeters
in diameter and seven centimeters long. One end of the
sample was grounded to the pressure cell by means of a

copper strip attached to one end of the teflon holder. The

other end was attached to a copper lead which was brought
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into the cell through the lead-in plug. The temperature
within the pressure cell was measured with a thermocouple
which also entered the cell through the lead-in plug. The
temperature of the sample was controlled by submerging the
pressure cell in a silicone oil bath similar to the bath
described above. Pressure was supplied by means of an inten-
sifier purchased from the Harwood Engineering Company. The
pressure fluid was a 1:1 mixture of 10 weight motor oil and
white gasoline. A calibrated manganin pressure gauge, also
purchased from Harwood, was used to measure the pressure.
The caiibration of the manganin gauge was checked against a
0-40,000 psi Heise gauge. The precision of the pressure
determinations was approximateiy 10 bars.

At the solidus temperature partial melting of the
samples occurs. In order to maintain the sample geometry
so that the same sample could be used to determine the
solidus temperature at several different pressures the
sample holder was modified. The teflon coil form shown in
Figure 3 was placed inside a teflon sleeve and the space
between the sample, teflon coil form, and teflon sleeve was
filled with Wards Bio-Plastic. With this arrangement it

was possible to heat the sample above the solidus temperature
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and still maintain the sampie geomeiry well enough to deter-

[< 9

mine the solidus temperature by means of the large increase
in resistance associated with the onset of the solid to

liquid transformation.
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RESULTS
X-ray Measurements

The measured lattice constants and c/a ratios of alloys
in the.face centered tetragonal (FCT) indiumﬂphaselare shown
réSpéctively in Figures S‘and 6 together with values found |
by Guttman (7) and by Raynor and Graham (19). The results
of this investigation agree with the latter two investiga-
tions in that a discontinuous transition between the FCT and
FCC phases was observed. This statement is based on the
fact that a plot of c/a versus composition for the FCT-phase
shows that this ratio exceeds unity at the terminus of the
FCT-phase. The position of this terminus was established
by resistance measurements and its position is in agreement
with the results of previous investigations (7,19,20).

The lattice constants of the FCC intermediate phase for
alloys in both the FCC region and in the FCCH+BCC two-phase
region are shown in Figure 7 along with the lattice ‘constants
reported by Guttman. The results of this investigation give
59.9 atomic per cent thallium as the position of the FCC/FCC+
BCC phase boundary at ambient temperature. This agrees very

well with the value of 59.2 atomic per cent thallium reported
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by Guttman.
- The values of a, c, énd‘g[g found at room temperatures
for pure HCP-thallium were respectively 3.4573.2, 5.5266 X,
and 1;5985. For these three quantities Lipson and Stokés
(21) obtained 3.4566 A, 5.5248 A, and 1.5984. Values of
the a lattice constant and the c/a ratio of HCP-thallium
are shown as a function of indium concentration in Figures
8 and 9. The ¢ lattice.constant of HCP-thallium was found
to be.relétively insensitive to indium concentration. Addi-
tion of 11.36 atomic per cent indium decreases.this lattice
constant by only 0.0008 X. Thus as indium is added to
thallium, both the decrease iﬁ volume and the increase in
the c¢/a ratio of the HCP-thallium unit cell are due almost
.entirely to the decréase of the a lattice constant.

Sekito (16) has reported the existence of a metastable
FCC allotrope of thallium at room temperature. Sekito
observed this structure in unalloyed thallium which had been
quenched from the melt by pouring into ice water. In the
present. investigation several attempts were made to obtain
a FCC allotrope at room temperature. X-ray patterns taken
of thallium which had been quenched in the manner described

by Sekito did not indicate the presence of a FCC phase. It
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is possible that this allotrope can not be obtained at room
temperature for high purity thallium and that the thallium
used by Sekito contained some impurity which enabled him to
obtain a metastable FCC allotrope at room temperature.
Values of the volume per atom as a function of composi-
tion calculated from the lattice constants determined in
this investigation are plotted in Figure 10. Also shown ih
this figure are values calculated from the lattice constants
reported by Guttman (7) for the indium-rich region of the
phase diagram. The solid line shown in Figure 10 represents
the volume per atom that would be expected if AV of mixing
were zero. As may be seen from Figure 10, both the results
of Guttman and the present investigation indicate that AV
of mixing is very small. Bridgman (3) has determined den-
sities of 15 thallium-indium alloys and while these data
are inadequate to yield precise values of AV of mixing,
nonetheless they do give an upper limit for AV of mixing
comparable to the value indicated in Figure 10. Thus
thallium-indium solid solutions are very nearly ideal with

%

respect to volume.
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The Thallium-Indium Phase Diagram at Ambient Pressure

The thallium-indium phase diagram based on the results
of the present investigation at ambient pressure is shown in
Figure 11. Also shown in this figure are the results of
Valentiner (8), Guttman (7), and Moore et al. (20). The
phase diagram shown in Figure 11 differs from the diagram
given by Hansen (14), which is shown in Figure 1, in the
following respects. The position of the thallium-rich ter-
minus of the peritectic horizontal was found to be at 46
atomic per cent indium compared to a value of about 43
atomic per cent indium on the earlier phase diagram. The
results of the present investigation show that the HCPBCC
two-phase region is less than one atomic per cent wide at
the eutectoid horizontal and that the eutectoid point is at
about 18 atomic per cent indium. The diagram shown in
Figure 1, which was based on a limited amount of data, show:s
the width of the HCP%BCC two-phase region to be about ten
atomic per cent with the eutectoid composition being about
24 atomic per cent indium. The experimental evidence sup-
porting a revised diagram with a very narrow HCP+BCC two-

phase field is discussed in more detail below.
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Within the precision of the present measurements the
change in resistivity accompanying the HCP-BCC transformation
of pure thallium occurred isothermally; this is consistent
with the phase rule. 1In the case of thallium containing
indiﬁm in solid solution the phase rule predicts that the
HCP-BCC transformation should occur over a temperature inter-
val rather than isothermally. A typical variation of resis-
tivity of a thallium-indium alloy in the region of the HCP-
BCC transformation is shown in Figure 12. The position of
the maximum and minimum values of resistivity, on the curve
shown in Figure 12, should correspond, respectively, to the
onset and conclusion of the HCP-BCC transformation. For all
of the alloys these maximum and minimum values were separated
by only a few degrees centigrade; this indicates a narrow two-
phase field. The intercept of the FCC+BCC/BCC phase boundary
on the eutectoid horizontal indicates that the eutectoid
composition is very close to the thallium-rich te;minus of
the eutectoid horizontal; this also supports the conclusion
that the HCP+BCC two-phase field is very narrow.’

Although the experimental data indicate a narrow two-
phase field there is a factor to consider which could affect

the validity of this result. This is the possibility that
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the observed HCP-BCC transformations occurred under non-
‘equilibrium conditions and that the two-phase region is
}wider than indicated by the experimental data. Such non-
equilibrium conditions would obtain if the HCP-BCC transform-
ation occurred isothermally via a martensitic transformation.
Then the température interval in which the transformation
was observeé té occur would be due solely to composition
variations in the resistivity samples and nbt to the presence
of a two-phase field. 1In essence this means that the two-
phase region predicted by the phase rule would be quite
narrow due to the martensitic nature of the transformation
if the time at transformation temperature was inadequate to
allow equilibration by diffusion of the atomic species.

Some of the evidence indicating that this might be the case
is discussed below.

First, composition variations of the magnitude indicated
by chemical analyses could account for the temperature"infer-
vals in which these transformations were observed to occur.
Second, thé separations of the boundaries cof the two-phase
region would normally be expected to increase monotonically

with increasing indium addition. The ekperimental data

indicate that this separation varies in a random fashion
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with composition: this would indicate that the temperatures
at which the onset and conclusion of this transformation
were observed did not correspond to the positions of the
boundaries of a two-phase region.

Because of the considerations advanced above, mean
values of the transformation temperature have been uséd.

Tp and TR represent two ways of defining a mean transforma-
tion temperature from data of the type shown in Figure 12.
Tr represents the temperature midway between the tempera-
tures at which the transformation was observed to start and
end. TR represents the temperature at which the resistivity
is midway betﬁeen the values observed at the start and end
of the transformation. Tg¢ and TR, which generally agreed to
within a few tenths of a degree, were averaged to obtain the
mean transformation temperature.

Values of this mean transformation temperature
(THCP—BCC) at ambient pressure are given in Table 1. The
results of several sets of measurements on 99.9 and 99.999
per cent thallium indicate that the teméerature at which the
HCP-BCC transformation occurs for the 99.999 per cent thal-
lium is 2°C higher than the temperature at which this trans-

formation occurs for the lower purity thallium. No
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significant difference was observéd, however, between the
transformation temperatures found on alloys which were pre-
pared from these two grades of thallium. The data given in
Table 1 indicate that the mean transformation temperature
at ambient pressure can be approximated by Equation 1,
Tacpopce = 234 - 1.2 x 103 1, , @

where THCP-BCC is in °C and No is the mole fraction of
indium. |

The Effect of Pressure on the Thallium-Indium

Phase Diagram

The effect of pressure on the temperature of the HCP-BCC
transformation was determined from resistivity measurements
on alloys containing 3.32, 6.37, 8.74, and 11.36 atomic per
cent indium. The observed mean transformation temperatures
(Tgcp-ce) for these alloys at various pressures are tabu-
lated in Table 2. Within the precision of these data the
variation of Tycp-pcc With pressure was linear. Values of
Tycp-Bec representing linear least squares fits to the exper-
imental data are also included in Table 2. Values of
dTHCP-BCC/dP for these four alloys, which were also obtained

from these least squares fits, are given in Table 3. A
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linear representation of the variation of dTypp-pce/dP with

-5 -—

composition is

dT |
HSi—BCC = -(2.03 % 0.04) - (17.1 % 0.5)N, , (2)

where Tyap_pec 1S in °c, P in kbars, and No is the mole frac-
tion of indium. The validity of this linear representation
can be inferred from a comparison in Table 3 of values from
Equation 2 with the experimentally determined values. The
intercept of Equation 2 lies between the values for pure
thallium of -1.96 °C/kbar found by Bridgman (10) and -2.11
OC/kbar found by Werner (9); thus measurements on alloys
extrapolate to a value for pure thallium which.is'consistent
with independently determined values. Integration of Equa-
tion 2, using.Eqﬁation 1 to evaluate the constant of inte-
gration, gives Equation 3 which can be used to approximate
the mean temperature of the HCP-BCC transformation as a
function of both composition and pressure,

Thcp-BoC = 234 - 1.2 x 103 Np - (2.03 + 17.1 Np)P. (3)

The effect of pressure on the eutectoid temperature (Tg)
was determined from ﬁeasurements made on an alloy containing
28.16 atomic per cent indium. The experimental values of

the eutectoid temperature at various pressures are tabulated
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in Table 4. A linear representation of these data is

Tg = 30 + 3.69 P (4)
where Tg is in °C, and P is in kbars. Values from the
linear representation are compared with the experimental
peints in Table 4.

The effect of pressuré on the solid —> liquid + solid
phase boundary was determined for alloys containing 43.16,
44.59, 57.24, 61.72, and 64.96 atomic per cent indium. The
experimental results for these alloys are given in Table 5.
Within.the precision of these data an elevation of 4.9
OC/kbar occurs for both the peritectic horizontal and the
adjacent portions of the solidus line. While these data
are inadequate to evaluate precise values for the peritectic
composition and the composition of the thallium-rich termi-
nus of the peritectic horizontal as functions of pressure,
the data do indicate that at a pressure of 40 kbars these
compositions are within a few atomic per cent of the ambient
pressure values,

Equations 3 and 4 show that as pressure increases the
eutectoid temperature increases while the HCP-BCC transfor-
mation temperature decreases with a concomitant decrease of

the solubility of indium in HCP-thallium. Extrapolation of



33

this result to higher pressures predicts the existence of a
triple point in pure thallium at 162°C and 35.8 kbaré. The
crystal structures of the phases in equilibrium at this
triple péint are HCP, BCC, and FCC. The HCP and BCC phases
are continuous with the HCP low temperature phase and the
BCC high temperature phase which are observed in pure thal-
liym at ambient pressure. The FCC=phase is continuous with
the FCC-phase which is stable at ambient pressure from 40 to
77 atomic per cent indium. At pressures several kbars above
the triple point the HCP-phase no longer exists and the
stable low temperature form of thallium is FCC. Isobaric
sections of the proposed thallium-rich portion of the thallium-
indium phase diagram are shown in Figure 13 for ambient pres-
sure and for pressures of 5, 30, and 40 kﬁars. The melting
points of pure thallium shown in these isobaric sections are
based on the data of Butuzov et al. (22). The remaining
portion of the isobaric sections for ambient pressure and
for 5 kbars were constructed on the basis of the results of
the present investigation, while the sections for 30 and 40
kbars are based on extrapolation of the observed pressure

dependence.



Figure 13, Isobaric sections of the thallium-rich region
of the proposed thallium-indium phase diagram

The sections shown for ambient pressure
and 5 kbars are based on experimental
results

The sections shown for 30 and 40 kbars
were obtained by extrapolation of the
" observed pressure dependence
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DISCUSSION -

The isobaric sections of the-phase diagram in Figure 13
show that the crystal structure of the high pressure allo-
trope of thallium is face centered cubic. While this conclu-
sion is based on an extrapolation over a relatively large
range of pressure there is a considerable amount of evidence
justifying both the extrapolation and the conclusion as to
the crystal structure.

First, on the basis of a thermodynamic calculation
Kaufman (23) has suggested that the crystal structure of
the high pressure allotrope of thallium is FCC. Although
Kaufman's calculation is based on approximations, his con-
clusion is in agreement with the resvlts of the present
investigation.

Second, a comparison of Bridgman's (3) results with the
room-temperature isothermal section of the thallium-rich
region of the proposed thallium-indium phase diagram is
shown in Figure 14. Bridgman notes in his paper that he
observed the traﬁsformations to occur over a range of pres-
sure as would be expected on the basis of the phase rule;

however, his tabulated data are smoothed and indicate only



Figure 14. Room temperature isothermal section of the
thallium-rich region of the proposed thallium-
indium phase diagram

0 - Transformation pressure determined
from pressure-volume measurements
made with increasing pressure

X - Transformation pressure determined
from resistivity measurements made
with increasing pressure

A - Transformation pressure determined
from pressure-volume measurements
made with decreasing pressure

+ - Transformation pressure determined
from resistivity measurements made
with decreasing pressure
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basis it is impossible to make a quantitative comparison of
his experimental observations with the results of the present
investigation. Qualitatively, however, the agreement between
Bridgman's results.and the diagram herein proposed is quite
adequate.

Finally, extrapolation of the'pressure dependence of
the phase transformations observed in this investigation
indicates that the triple point in pure thallium should occur
at 162°C and 35.8 kbars. Bridgman (10) has reported the
triple point of pure thallium to be at 153°C and 38.3 kbars.
At ambient pressure Bridgman found the HCP-BCC transformation
in thallium to occur at 227°C, while the high purity thallium
which was used in this investigation was observed ‘to undergo
this transfofmation at 234°C. Further, at ambient tempera-
ture Bridgman observed the transformation of the HCP allo-
trope to a high pressure form at 40.3 kbars, while Boyd and
England (12) and Kennedy and,LalMori (11) found, respectively,
37.1 and 36.7 kbars. If thé slopes in Bridgman's temperature-
pressure diagram are correct, extrapolations of the trans-
formation at ambient pressure and 234°C and of the trans-

formation at ambient temperature and a mean pressure of 36.9
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kbars indicate the position of the triple point to be at
167°C and 34.7 kbars. Since the triple point as determined

in this investigation lies between this latter position and

the position reported by Bridgman (1G), the extrapolation
of the phase‘fields to high pressures appears to be justi-
fied. Thence, the conclusion as to the crystal structure

of the high pressure allotrope appears to be valid.

P
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SUMMARY

The results of this investigation show that the crystal
structure of the high pressure allotrope of thallium is face
centered cubic. Extrapolation of the results of the present
investigation shows a triple point at 162°C and 35.8 kbars
between the FCC, BCC, and HCP allotropes of thallium.

A revised phase diagram for the thallium-indium system
at ambient pressure is proposed. This diagram agrees in
general form with the previously reported phase diagram, but
there is a marked‘difference in detail in regard to the
eutectoid composition and the width of the HCP+BCC two-phase
region. The revised eutectoid composition is within about
one atomic per cent of the thallium-rich terminus of the
eutectoid horizontal, thus the width of the HCP+BCC two-

phase region is quite narrow.
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APPENDIX

Table 1. Mean HCP-BCC transformation temperature at
ambient pressure

Atomic 7 Mean temperature,
indium . O¢c
0.00% 234
0.00P 232
3.32 : 194
5.21 172
6.37 | 160
7.18 146
8.74 125
8.95 122
11.36 90
12.27 83
13.44 69
15.47 49

499,999 per cent thallium

bgg.9 per cent thallium



Pressure, Mean temperature, Mean temperature
kbars °c °c
(observed) (least squares fit)
1.38 191.1 190.7
2.55 187.9 187.6
3.50 185.1 185.2
0.00 ' 194.2 194.3
1.98 188.7 189.1
1.04 157.0 157.0
3.46 149.6 149.6
5.53 143.0 143.2
4.69 145.9 145.7
2.42 153.0 152.8
0.00 160.2 " 160.3
1.03 122.2 120.9
3.23 113.7 113.1
5.53 104.6 104.9
4.76 107.5 107.7
2.19 116.7 116.8
0.00 124.5 124.6
0.00 124.0 124.6
0.00 124.1 124.6
0.89 86.4 86.6
3.01 77 .4 78.1
2.94 78.3 78.5
0.00 90.9 90.1
5.37 69.1 68.8
5.32 69.3 69.0
0.00 89.9 90.1




Table 3. Variation of mean HCP-RCC transformation tempera-
ture with pressure
Atomic dTucp-BCc/ dP, dTucp-Bcc/ dP
% ' oc/kbar oG/kbar
indium . (observed) (least squares. fit)
0.00 -—- 2.03
3.32 2.61 + .14 2.60
6.37 3.09 £ .04 3.12
8.74 3.55 & .11 3.54
11.36 3.98 + .09 3.98
Table 4. Eutectoid temperature
Pressure, Eutectoid temperature, Eutectoid temperature,
kbars - ¢ ¢
(observed) (least squares fit)
0.82 32.2 33.0
3.18 42.1 41.7
0.00 30.0 29.9
2.09 38.5 37.6
5.67 50.5 50.9
5.65 51.1 50.8
4.57 46.1 46.8
2.54 39.7 39.3

0.00 29.7 . 29.9
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Table 5. Solid —) solid + liquid transformation temperature

Atomic 7% Pressure Ts—p stl, e Ts 3 stl, ¢
indium kbars (observed) (least squares fit)
43.16 ~1.08 185.2 185.4
43.16 2.09 ' 190.5 190.8
43.16 3.64 198.8 199.0
43.16 2.71 194.7 194.1
43.16 0.00 179.8 179.7
44,59 0.97 181.5 181.9
44,59 0.93 181.3 181.6
44,59 0.00 177.4 177.3
44,59 2.47 _188.3 188.8
44,59 2.44 188.1 188.7
44.59 2.89 191.5 190.8
44,59 3.13 192.3 191.9
44.59 0.00 177.9 177.3
57.24 3.43 189.2 189.2
57.24 1.08 176.4 177.0
57.24 2.24 183.0 183.1
57.24 4.49 194.3 194.6
57.24 5.48 200.2 199.7
57.24 0.00 172.1 171.5
61.72 0.99 177.2 172.0
61.72 2.30 178.2 178.1
61.72 4.05 185.8 186.1
61.72 5.34 192.4 | 192.1
61.72 4.37 187.6 187.6
61.72 3.15 181.8 182.0
61.72 0.00 167.4 167.5
64.96 0.82 168.2 168.1
64.96 3.08 179.4 178.8
64.96 2.44 175.8 175.8
64.96 3.86 182.2 182.5
64.96 1.71 171.9 172.3

64.96 0.00 164.3 164.3
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