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Abstract. A two-melt region bounded by a closed loop in the composition-temperature
plane has been found in the liquid $-Te system, which is the first exarple for a liguid having
electrical conductivity. Itislocatedin an extremely narrow range centred atabout 39.2 at.% §
and 715 °C near the threshold of the non-metal-metal transition. It has been shown that
structural change in the liquid causes the two-melt phase separation.

1. Introduction

Liquid Te transforms to a low-temperature form (hereafter referred to as the L form)
at supercooled temperatures. The structure of the L form is characterized by twofold
coordination similar to that in liquid Se. Above the melting temperature (451 °C) the
change is almost complete and liquid Te is essentially in a different form (the H form},
the co-ordination number of which is about three (Mennele et o/ 1988, 1989). The
structural change proceeds quite rapidly at around 353 °C, where the specificheat hasa
marked peak (Tsuchiya 1991a). The L form of Te is stabilized by adding Se, which is
manifested by the fact that the extrema in the thermal expansion coefficient (Thurn
and Ruska 1976), the isothermal compressibility (Takimoto and Endo 1982, Tsuchiya
1991b), and the specific heat (Kakinuma and Ohno 1987) shift to the higher temperatures
with increasing Se composition. Analysis of the heat of mixing (Tsuchiya 1986a) and the
specific heat measurements (Kakinuma and Ohno 1988) indicate that S stabilizes the L
form of Te as well.

In a series of papers, the present author and Seymour have developed a model
referred to as an inhomogeneous structure model (1HsM) to describe the temperature
variation of thermodynamic parameters associated with structural changes in liquid Se—
Te (Tsuchiya and Seymour 1982, 1985). The transition can be described satisfactorily
by a single parameter, the dependence of which on temperature and pressure obeys a
kind of mass-action law. It is, therefore, of interest to see whether or not such a model
can be applied to the other system.

In: this paper, the molar volume of the liquid S—Te system has been investigated using
a high energy y-ray attenuation method. The overall temperature and composition
dependence of the volume is found to be much the same as that reported for the liquid
Se-Te system. The results, therefore, indicate that structural changes similar to those
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in the liquid Se-Te alloy take place. In addition, as prehmmary results have been
reported (Tsuchlya 1989), the two-melt phase appears in a quite narrow region having
a closed boundary in the composition~temperature plane well above the equilibrium
liquidus temperature. In this paper, the phase boundary has been determined in more
detail and the unusual phase separation has been investigated based on the iHsMm, It has
been shown that instability of the alloy is a consequence of the L- to H-form transition
in the liquid.

2. Experiment

The molar volume has been deduced from the linear attenuation coefficient of high-
energy (661.6 keV) y-rays from ¥Cs. Since the details of the experimental procedure
were the same as those reported elsewhere (Tsuchiya 1988), only essential points are
described in the following. The mass absorption coefficients of S and Te were determined
using a powder specimen compressed into a steel tube. They were respectively
0.07667 + 0.00007 and 0.07182 % 0.00005cm?g~!. An ampoule was made of fused
silica. Two potished discs were fused to the ends of a tube to form an ampoule. The path
length of the ampoule was determined by measuring the linear absorption coefficient of
mercury in the ampoule and comparing this with that in a standard cell made of fused
silica. A typical cell was 2-2.5 cm long and 1.1 cm in inner diameter.

To investigate the existence of a meniscus, which should appear in a liquid in the
two-melt phase, a specimen sealed in a fused silica tube with inner diameter 1.3 cm was
used. The effective path length of a specimen was determined using the method described
above. The cell was set vertically on a fused silica holder which could be moved up and
down with respect to a y-ray beam as shown schematically in figure 1.

The temperature was coatrolled by a digital temperature controller which could
maintain a temperature within +0.5 °C. The vertical temperature gradient was less than
1°C for the volume measurements and about 2 °C over a specimen 3 cm long for the
meniscus investigation. '

Measurements were started after shaking a specimen kept at high temperature to
ensure complete mixing. More than 4 X 10° counts were accumulated to make the
counting statistics less than 5 X 10~* for the volume measurements and about 3 x 10°
counts were collected for investigating the meniscus. The whole system was controlled
by a computer, including correction due to gain drift during measurements. The uncer-
tainty of the volume was estimated 1o be within £0.3%.

furnace
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Figure 1. Schematic drawing of the experimental set-
up. The slit consists of two Pb blocks Sem thick
aligned 5 cm apart through which a bore 0.6 cm in

thermocouple X .
P diameter was drilled.
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Figure 2, Molar volume (V) for the liquid S-Te system as a function of temperature. Curves
are those obtained by fitting the data to equation (3) except for three S-side alloys and 8
where a linear temperature dependence has been assumed. The dotted portion for 60 at. %
Te is the two-melt region. The curve for Te is from Tsuchiya (1991a). Numbers on the data
indicate atomic per cent of Te. The inset shows the data for § around the polymerization
point (159 °C: an arrow). The reference data (diamonds) are from Kelkas (1918) and the
solid line is an extrapolation of that shown in the main plot.

3. Results

Figure 2 shows the molar volume, V, of the liquid S-Te system as a function of tempera-
ture, T, and the numerical data are listed in table 1. The results for S are in reasonable
agreement with those reported previously in the overlapping temperature region, as
shown in the inset of the figure (Kellas 1918). A minimum in the V--T curve for Te shifts
towards higher temperatures with increasing S fraction and a local maximum appears at
the lower temperature. Except for the intermediate temperature range, where the
volume contracts with increasing temperature, the volume increases almost linearly, as
is usually observed for liquid metals. The same type of V-T curve has been observed for
the liquid Se~Te system (Thurn and Ruska 1976, Tsuchiya 1988). For S and an alloy
containing mote than 60 at.% s, only the low-temperature portion of the whole V-T
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Table 1. Molar volume of the liquid S-Te system (¢m? mol™'). The data for Te are taken
from a previous report (Tsuchiya 1991a).

T(°C) S SeTew Swlew SpTew SeTey Sylep  STes

100 17.61
110 17.72
120 17.75
130 17.86
140 17.96
150 18.06
160 18.05
170 18.13
180 18.13
150 18.19
200 18.26
210 18.31
220 18.35
230 18.43
240 18.49
250 18.59
260 18.61
270 18.72
280 18.74  19.16
290 18.81

300 18.95  19.30

320 19.08 1947 19.86

340 1928 19.63  19.96 21,19 2138
360 1942 1982 2016 2054 2095 1.4 2152
380 19.55 1992 20.33 2067 2110 2142  21.61
400 1975 2014 2045 2081 2120 2156  21.73
420 19.90 2029 2065 2095 2131 2170 21.85
440 20.06 2044 2070 2109 2145 2177 21.9%
460 027 2061 2093 2136 2158 2192 2206
480 2038 2075 2101 2143 71 2202 21.19
500 20.60 2095 2118 2149 2184 211 2231
520 2078 21,10 2135 2167 2194 1222 2240
540 2096 2127 2151 2179 2209 2233 2247

560 2144 2164 2180 2221 242 2.4
580 2160 2180 2105 2231 2252 22,63
600 2196 2218 2243 2259 22.61
620 2212 2230 2250 270 2269
640 240 2246 260 2275 27
660 2264 270 2277 2275
680 271 281 281 2274
700 289 2290 228 273
720 2306 296 2% 272
740 23.06 2294 22.67
760 23.11 22.91 22.64
780 2294 2263

800 29 2.5
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Table 1 coniinued

T ("C) S@Tﬂm Sg;reﬁs SmTem SwTeau SmTegn Temo
280 23.03
290 23.02
300 23.00
310 22.97
320 2292
330 22.85
340 21.63 21.84 22.05 22.39 2.mn
350 22.67
360 21.74 2192 214 2245 R6T 2256
370 22.67 22.47
380 21.82 21.99 22.21 2248 2262 22.39
390 22,56 2232
400 21.91 2210 2229 2251 2249 22.26
410 22.42 22,21
420 22.03 22.20 22.36 22.53  22.35 22.18
430 221 15
440 22,12 2230 2241 252 2224 2213
450 218 22.12
460 2221 22.35 22.46 2248 22,15 22,12
470 : 22.11
480 2230 2242 22.46 2237 2205 2212
490 2212
500 22,38 22.48 22.48 2228 2198 2214
510 22.14
520 22.48 22.48 22.48 219 2192 217
540 22.50 22.52 22.43 209 2194 22.22
560 2255 2250 2238 2199 2190 2228
580 22.59 22.48 22.31 21.94  21.90 2232
600 262 2242 - 22.23 288 2191 22.37
620 22.62 22.38 22,16 21,84 21,94 22.43
640 22.55 22.33 22,11 21.82 2198 2248
660 22.50 2225 204 2181 2204 2256
680 2250 2219 2198 2181 2246 @ 22.62
700 - 22.14 2191 21.81 2211 22.68
720 — 22.11 21.88 2183 2217 22.75
740 — 22.05 21.82 21.85 2222 22.78
760 2228 22.05 21.81 21.88 2226 2285
780 22.29 2,04 2179 2191 2231 2291
800 22.23 22.01 21.78 2195 2237 23.02
820 21,99 21.78 21.99  22.43 23.05
840 21.81 22,02 2250 2310
860 2207 2255 2397
880 22.63 23.24
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curve can be observed and the volume increases almost linearly with temperature,
although it is inferred from the results for Te-rich alloys that the volume contraction
would also take place for S-rich alloys at a much higher temperature.

‘The isotherms of V at several temperatures are plotted in figure 3. At low tem-
peratures the volume increases almost linearly with Te composition while it irregularly
decreases at the Te-rich side towards the Te value. A local maximum in the isotherm
shifts to the S-rich side as the temperature rises, and the volume changes linearly at
the Te-rich side as well irrespective of the anomalous contraction in the moderate
composifion range.

21{.. T T T T T Lo 1 T T
80Q *C

23F 700
= 600"
EZZ‘ .a}’p
-
§ 500 °C

o

=21F / 1

20r ~ a00°C 4
q
Figore 3. Molar volume (V) for the S-Te system asa
function of Te composition at several temperatures.
L The dotted portion at 700 °C represeats the two-melt
0 50 100 P

at.% Te region.

To calculate the thermal expansion coefficient, ap = 1/V(8V/aT)p, the V=T curves
for alloys with more than 40 at. % Te have been fitted to equation (3) in the following
section. The results are shown by the smooth curves joining the data in figure 2. For §-
rich alloys, the data have been fitted to a linear temperature dependence. The thermal
expansion coefficient calculated in this way is plotted in figure 4.

While the overall dependence on temperature and composition of the volume is
quite similar to that found for the Se-Te system, a clear anomalous break was found in
the V=T curve of SmTem as reproduced in the inset of figure 5 (hereafter numerical
suffices refer to atomic per cent of the constituents). The results suggest that marked
increase of the attenuation of y-rays takes place in Sy Teg between 700 and 740 °C.
Preferential evaporation of 5 into an open volume in the specimen ampoule could bring
about an increase of y-ray attenuation, which may, however, be ruied out, because it is
not easy to explain thus the recovery of the volume above 750 °C to the values extrapo-
lated from low temperaturcs

Vertical scanning of y-ray counting using a cylindrical specimen of S,Teg about
3 cm long was then carried out using the experimental set-up shown schematically in
figure 1. The results are plotted in figure 5. Figure 5 shows y-ray counts as a function of
vertical position of the specimen with respect to the y-ray beam at three temperatures
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Figure 4, Thermal expansion coefficient (o) for the §-Te system. Numbers on the data

indicate atomic per cent of Te.
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Figure 5. Search for a meniscus in Spleg: y-ray
counts as a function of specimen position, An arrow
shows the position of the meniscus due to phase sep-
aration. The inset shows the V=T curve for SyTeg.
The data in the two-melt region are apparent values.
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covering the range B indicated in the inset, where unusual increase of y-ray attenuation
is observed. In the regions A and C, the y-ray counts are constant over the specimen,
while in the region B the attenuation was found to be larger at the bottom of the
specimen. The curve in the figure is a calculated counts versus position curve assuming
that the alloy has a meniscus due to phase separation, where the effects due to finite slit
width have been taken into account. It may be concluded from these experiments that
an unusual phase separation, which has a lower critical solution temperature (LcsT) and
an upper critical solution temperature (UCST), takes place.

The compositions of the respective liquids were graphically determined using the
following relation,

(1/d) 1“(N/No) = =(1/V) [xusAs + (1 — x)p1eA1c] (1)

where N and N, are y-ray counts through the ampoule with and without specimen,

respectively, d the specimen thxckness u; the mass absorption coefficient and A; the
atomic mass, iis S or Te. The right-hand side may be evalvated using the 1sotherms of
Vin figure 3. In the two-melt region, the composition x in the liquid portion seen by a
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Figure 6. The two-melt region for the 5-Te system,
Circlets show the boundary and diamonds indicates
the diameters. The rugby ball is a theoretical two-
melt region; the inner oval is the spinodal line given
by the condition T, = T shown in figure 9, and the
outeris the binodal line obtained graphically from the
chemical potential as a function of composition (cf

figure 10).

at®e Te

Figure 7. The phase diagram for the $-Te system, An

oval (a) is the experimentat two-phase region shown
in figure 6; (b) and (c), respectively, are theoretical
calculations at 0 and 10° Pa (1 kbar). The equilibrium
phase diagram below 500 °Cis from Hansen and And-
erko (1938). Circlets show the temperatures for min-
ima in orp and the broken curve through them is T
given by equation (11). The two convex curves below
the liquidus line are the spinodal {d) and binodal (&)
lines corresponding to the phase separation caused
by the intrinsic repulsive interaction, w, between $
and Te.
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y-ray beam rapidly changes with temperature, which causes a clear break in the V-T
curve as shown in the inset of figure 5. Then the onset of demixing was also detected
by observing inflection points in the V-T curve measured at every 5 °C by changing
composition by 1 at.%. The phase boundary determined in this way is plotted in figure
6 and its location in the whole composition-temperature plane is shown in figure 7. As
seen in figures 6 and 7, the two-melt region is located in a quite narrow range. The
diameters of the two-phase region appear to fall on a straight line. From the diagram
LcsT and UCST have been determined as 689 + 5°Cat38.0 = 0.4 at. % Sand 745 £ 5°C
at40.4 x 0.4 at.% S, respectively, and the centre 715 + 5°Cat 39.2 £ 0.4 at.% S.

4. Discussion

4.1. Structural changes

It is believed that above the critical polymerization temperature (159 °C), liquid S takes
a chain structure with twofold coordination (Tobolsky and MacKnight 1965), aithough
a different structural model has recently been presented based on the pair correlation
function (Winter ef al 1990). On the other hand, neutron diffraction experiments have
revealed that liquid Te transforms in the supercooled temperatures to a liquid having a
structure isomorphous with that of liquid Se, characterized by twofold coordination
(Mennele 1988, 1989). The structural change in supercooled liquid Te has also been
confirmed by thermodynamic measurements: the specific heat, thermal expansion coef-
ficient and sound velocity show peaked extrema around 353 °C (Tsuchiya 19912) in
accord with the thermodynamic model previously proposed based on the data above the
melting point (Tsuchiya and Seymour 1985). As plottedin figure 3, at 400 °C the isotherm
of the molar volume for the S-Te alloy changes almost linearly with Te composition
except at the Te-rich side where the structural changes to the H form interrupt a smooth,
almost linear composition dependence. After subtracting the corresponding effects in
the thermodynamic mixing functions, one may find that the heat of mixing has a parabolic
form with small exothermic values and the entropy of mixing is very close to the ideal
mixing entropy (Mackawa et af 1973, Tsuchiya 1986a). Although these experimental
results are rather indirect, it may be supposed that in a 5~Te alloy a chain structure is
preserved at low temperatures as in the Se-Te system and S and Te atoms are randomly
substituted in chain molecules or parts of broken fragments from polymeric chains.

In conjunction with the electronic and thermodynamic transition in the Se-Te
system, a microscopic mechanism for the structural change in chalcogen liquids has been
proposed by Cutler and his co-workers (Cutler and Rasolondramanitra 1985, Cutler et
al 1990). They have considered the behaviour of bond defects such as a D, centre
consisting of a three-fold bonded position ion, D, associated with a one-fold bonded
negativeion, D™, which are thermally excited in the chain molecules of neutral chalcogen
atoms. Such bond defects on the one hand contribute to the paramagnetic susceptibility
and to the electrical conductivity, both of which quite rapidly increase in the temperature
region where the volume contracts with increasing temperature. The D, centres in the
chain, on the other hand, attract each other through electrostatic interactions, which
would bring about local volume contraction and changes of atomic arrangements over
afew tens of atoms around the D, centres. Consequently it is expected that the structural
change proceeds with about 10 atoms on average. This view is consistent with resuits
independently obtained with the 1HsM {Tsuchiya and Seymour 1985). Apart from the
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composition and temperature dependence of the molar volume, the magnetic sus-
ceptibility (Tsuchiya 1986a} and the electrical conductivity (Kakinuma et af 1986) for
the liquid S-Te system behave quite similarly to those for the Se-Te sysiem. The
electronic transition takes place in the temperature region where the volume contraction
occurs. Since S, Se and Te all belong to the same column of the periodic table, it is very
likely that the bond defects thermally excited in the S-Te chain molecules also play an
essential role in the structural change, as in the Se-Te system.

4.2. Two-melt phase separation

From analysis of the mixing thermodynamic functions, the present author has estimated
the interchange energy between S and Te to be about 9 kJ moi~!, which contributes a
small exothermic mixing enthalpy of 2.3 kJ mol~! (Maekawa et al 1973, Tsuchiya 1986a).
Since the energy associated with the ideal mixing entropy (—T'S) for Sy5Teg at 700 °Cis
—5.4 kJ mol~!, it is difficult in the framework of a formal theory of mixture to expect
the two-melt phase separation at temperatures as high as the present observation
and further to explain the phase separation bounded by a closed boundary in the
composition-temperature plane. In what follows we show that the rapid structural
change in a Te-rich alloy causes the effective interchange energy between S and Te to
be more repulsive and brings about the bounded two-melt phase separation.

To describe the structural evolution with temperature and/or pressure in the liquid
Se-Te system, the present author and Seymour have developed an inhomogeneous
structure model (1HsM) (Tsuchiya and Seymour 1982, 1985). The model assumes that
the above-mentioned defect centre affects a group of adjacent atoms in a restricted
range 50 as to change their local structure and such units of associated atoms form a
regular mixture with remaining fragments of chain molecules. A simple Gibbs free
energy has been proposed-

G=CGu+(1~ C’)G,_+(RT/m)[ClnC+(1 Oln(1-C)] +(eo/mC(1-C) ()

where suffices Hand L refer to H and ,L forms of mixture, respectxvely, and R is the gas
constant. Here m is the number of atoms within a microscopic domain which co-
operatively change their local structure, and each domain takes either H or L form: Cis
the fraction of microscopic domains in the H form. The last term represents the inter-
action energy between microscopic domains in different forms. Since the thermo-
dynamic functions derived from equation {2) have been reported elsewhere (Tsuchiya
and Seymour 1985), the molar volume and the thermal expansion coefficient are dupli-
cated below for the analysis of the present results. The volume can be obtained from the
relation V = (0G/3 P) together with the equilibrium condition, (3G/3C)y,p = 0:

V=VyC+V(1-0). - (3)
The latter defines the temperature—pressure dependence of the fraction, C:
inC/(1—-C)=~[mAG+ (1 - 20)ex)/RT (4)

whenje .
AG=Gy -G =Ey—E_+ T(SH~—SL)+P(VH—VL)=AH— TAS '

and the symbols have their usual meanings. The thermal expansion coefficient @p =
(8V/aT)p/V is readily obtained from equation (3) as

ap = (1/V)[CVyal + (1 — OOV ak] + (1/V)(Vy - VL)(BC/aT)P =ap+dbap (5)
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and
(dC/aT)p = C(1 — C)fm AH + (1 ~ 2C)eg|/{RT*1 - 2C(t — C)eo/RTI} (6)

Stability of an alloy with respect to concentration fluctuations may be estimated from
9?G/ax?, where x is the fraction of constituents. From equation (2), we have

32G/ax? = (3C/ax) (3 AG/dx) + 3°G,/ox” 1))
where
32G,/axt = C(92Gy/ax) + (1 — C)(32GL/ax?).

To calculate 392G, /3x?, we use a regular solution mode! {Wilson 1960) to a simple
approximation. The first two terms of equation (2) are then written as

CGy + (1 = Q)G = C[xGE, + (1 - x)GE] + (1 ~ O)[xGE. + (1 - x)G§]
+wx(l—x)+ RT[xInx + (1 —x)In(l — x)] : (8)

where the interchange energy, w, between S and Te atoms is assumed to be independent
of T, P, composition and the form of an alloy. With these simplifications, we have

32G/ax? = —[C(1 — C)/RT}(8m AG/ax) (3AG/ax)/[1 ~ 2C(1 — C)eqa/RT)
+ [RT/x(1 — x)] — 2w. (9)

In general, the two-phase separation in a binary mixture is associated with the
magnitude of —x(1 — x) 8*AH,,/3x? rather than AH,, in reference to the entropy term,
T AS,, where AH, and AS,, are the mixing enthalpy and mixing entropy, respectively.
If the former exceeds the latter, phase separation takes place. From equation (6) we find

32AH, Jox? = ~[C(1 — C)/RT|(9m AG/ax) (9AG/ax)/[L = 2C(1 — C)eq/RT] - 2w
= —20(T). l (10)

Equation (10) indicates that the effective interchange energy, @, becomes temperature-
dependent where the structure changes with compositioneven if the intrinsic interchange
energy, w, isindependent of temperature, as we assume here. Since the first term on the
right-hand side is always negative for the S-Te system, as will be shown later, w(7T)
becomes more repulsive than w and the mixture becomes unstable against the con-
centration fluctuations.

The phase diagram has been calculated with the following assumptions. Within
a microscopic region containing 7 atoms the composition is given by the nominal
composition x and possible concentration fluctuations have been neglected. The
number, m, of atoms in a microscopic domain is assumed to change linearly with the
composition. In a series of papers, we have estimated the parameters for Te. It has,
however, been found that the location and size of the two-melt region are very seasitive
to small changes of parameters, although the two-melt region always appears in the
region 3040 at.% S and 600800 °C. So a number of sets of values of AHr,, ASy, and m
for Te have been tried within the previously estimated uncertainty, keeping m AHy and
m ASy, constant. The lafter two parameters have been estimated from the V-T curve
using equations (3) and (4) (Tsuchiya and Seymour 1985, Tsuchiya 1991a). Here eg was
assumed to be constant and the value for Te has been used for all compositions; AHj,
ASg and m for § have been parameterized to reproduce a two-phase region having a
similar area as in the experimental results. As seen from equations (5) and (6), ap takes
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Tahle 2, List of parameters for structural changes in the liquid $-Te system. Where &g =
2.07kJ and w = 8.5 k] mol ),

AH@mol™)  AS(Imol” K- m
Te 4320 6822 15.73
S 4.406 0.362 5.78

a negative peaked minimum around C =  for which m AG = AG = 0. In the present
model, the posmon of the minimum, T*, is given by

T* =[x AHr + (1~ x) AHg]/[x ASg, + (1 — x) z.\.ss] | (11)

Equation (11) gives a constraint on AH; and AS; provided that the corresponding
parameters for Te are chosen. The final parameters used are listed in table 2.

Figure 8 shows temperature variation of the mixing euthalpy at several temperatures.
The overall profile of AHy, changes quite rapidly with increasing temperature, especially
on going from 300 to 400 °C. This is because the effects due to the structural change of
Te to the H form mainly set in between those temperatures. At 500 °C, AH, has two
positive local maxima both in the Te- and S-rich sides, and a negative valley around
30 at.% S. The results are consistent with those observed experimentally (Maekawa er
al 1973) and support the intuitive analysis previously reported (Tsuchiya 1986a). Figure
9 shows the temperature variation of T, = @(T)/Rx(1 — x) for alloys with 30, 36, and

200 ° 00 *C
z- T 2
o
<<
i 300°C ]
: (o]
E 2
=1F 700°C i
£
(]
3 660 °C <
500°C
=
0 2
400°C
5 Il ] [l 1 5|0 I 1 1 I 100_ o 100 _ 360 2 560 3 7100 a
at' Te ' T (*C}

Figure 8. Calculated enthalpy, AH,, for the liquid S— - Figure9, T. (=w(T)/Rx{1 ~ x)) asa function of tem-
Te system at several temperatures. perature. Numbers represent 2tomic per cent of Te,
' The straight line indicates the relation T, = T. The
inset shows an enlarged graph for 53, Teq. Arrows

Andicates spinodal temperatures,
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(a)
- 00 *C .
- \ 00"CH
» L .
5 Q5 800°C -
T L 4
a
?- 0 Y X 2 3 5\0 i S | 100
3 (b') T Figure 19. (z) Activity coefficients for S and Te as a
. function of Te composition at 600, 700 and 800°C.,
|\, 800°C 700 °C 600 The straight lines correspond to Raoult’s law. (&)
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40 at.% S. T has a pronounced peak in the transitional region of the structural change,
which mainly comes from the first term on the right-hand side of equation (10), as
mentioned above, while w contributes to a constant part appearing at low temperatures.
T. = T defines the spinodal line, the boundary of the region within which the one-phase
system is absolutely unstable with respect to separation into two phases. As seen from
figure 9, the model predicts two UCST and one LCST for 5;cTeg. The actual two-melt
region is larger than the area within the spinodal curves, and the phase boundary (the
binodal line} is determined by the condition that the respective chemical potentials for
the constituents become identical on the boundary. The binodal line coincides with the
spinodal line only at the critical points. In figure 10, the activity coefficients for Te and
§ are plotted at several temperatures, from which the two-melt boundary has been
graphically determined. As inferred from the enlarged graphs in figures 9 and 10, the
phase separation around 700 °C results from a very delicate balance of energies between
those associated with the structural transition and the mixing entropy. The theoretical
phase diagrams have been compared with the experimental results in figures 6 and 7.
Bearing in mind the very simple model used, 1HsM can satisfactorily reproduce the
essential features of the phase diagram. The model also predicts a phase separation
having upper critical temperature 238 °C (=w/2R) and 50 at.% S, which would occur
well below the equilibrium liquidus line as plotted in figure 7 and therefore not be
observed.

It would be of interest to see the effects on phase separation of an applied pressure.
Calculation is rather straightforward in the low-pressure region because the effects of
an applied pressure enter mainly through the pressure dependence of the parameter C
whichisbrought about bya Pm AVterminm AG ofequation (4) andall other parameters
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can be assumed to be pressure-independent to a rough approximation. From the V-T
curve in figure 2, we find that the volume contraction AV associated with the structural
change is about —3 cm® mol~?, which amounts to reduction of AH by 300 J mol~! upon
an applied pressure of 1 X 1(}8 Pa (=1 kbar). All other parameters were kept constant,
as listed in table 2. Although the results are rather quahtatwe, the model predicts that
an applied pressure significantly enlarges the two-phase region as plotted in figure 7.
The reason is that an applied pressure stabilizes the high-temperature form of a S-Te
alloy because of its smaller volume and moves the transitional region of the structural
change to lower temperatures Consequently, an applied pressure effectively increases
the enthalpy term with respect to the entropy term. Roughly speaking, the peak of T, in
figure 9 shifts to lower temperatures with an applied pressure while keeping its peak
value almost constant, and then an alloy becomes unstable against the concentration
fluctuations in a much w1der range of compos.ltnon and temperature.,

As shown prewously, the structural change in the liquid Se-Te system (Tsuchiya
1986b) is much the same and the first term on the right-hand side of equation (7) becomes
ofthe same order of magmtude asthat forthe S-Tesystem. Thismeansthat atendency for
segregation develops in the temperature—composition plane where the thermodynamic
parameters have extrema. The high-resclution radial distribution function of SeyTeys
(Misawa and Suzuki 1980) has provided unexplained results, namely that unlike-atom
correlation becomes weakened and the probability of the formation of Se~Se and Te—
Te like-pairs increases in the transitional temperature region of structural changes. The
present calculation, however, shows that phase separation in the liquid Se-Te system
would not take place because the interchange energy between Se and Te atoms is
negative and cancellanon occurs in the terms associated with the structural change and
the interchange energy.

5. Conclusions

The molar volume of the liguid S-Te system as a function of temperature and com-
position has been investigated by the high-energy y-ray attenuation method. The results
indicate that the S-Te system undergoes rapid structural changes as does the Se-Te
system. Theboundedtwo -meltregion has been foundin the course of the investigation. It
is located well above the equilibrium liquidus line where the non-metal-metal transition
takes place. The appearance of the lower critical solution temperature (LcsT) and the
upper critical solution temperature (ucsT) in a Liquid S-Te alloy is a consequence
of rapid structural change in the liquid. The inhomogeneous structure model (JHSM)
satisfactorily explains the essential features of the phase equilibria of the liquid $-Te
system.
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