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Thermodynamic Investigation of Zn-Te Alloys by Calorimetry

Katsunori Y amaguchi

(Received April 6, 2004; Accepted May 17, 2004)

The heat contents of the ZnTe compound were measured by a drop calorimeter in the
temperature range from 750 to 1600 K. The enthalpy of fusion of the ZnTe compound was
determined as 51.1+ 0.3 kJmol©! at corresponding melting point of 1573+ 3 K. The heat
content and heat capacity equations were derived by Shomate function for the solid compound.
The enthalpy of formation of the ZnTe compound and the integral enthalpy of mixing for the
liquid Zn-Te system were measured by direct reaction calorimetry at 800, 1173 and 1373 K
using a high temperature twin calorimeter. The enthalpy of mixing of the liquid Zn-Te phase
shows large negative values in the neighborhood of the compound composition. This behavior
dependent anomalies is explained by a chemical short range order in liquid alloys. The obtained
thermodynamic data for the Zn-Te system was used to reassess the system following CALPHAD
standard. An associated solution model for the liquid phase and standard Gibbs energy functions
for the three solid phases (Zn, ZnTe and Te) were used. The thermodynamic properties and
phase diagram calculated from the reassessed system agree well with the experimental data.
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a) silica drop tube
b) gas inlet

c) gas outlet

d) silica tube

e) alumina tube

f) silicon carbide heates

g) calorimeter section

IHH g h) insulating material

Fig.1 Construction of high temperature calorimeter.
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a) sample

b) silica drop tube

c¢) alumina laboratory crucible
d) thermopile

¢) alumina ring

f) measuring thermocouple
g) alumina reference crucible

h) alumina block

Fig.2 Schematic diagram of calorimeter cell assembly.
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Fig.3 High temperature heat content of the ZnTe
compound.
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Fig.4 Molar integral enthalpy of mixing of the Zn-Te
alloys at 800K.

Table 1 Standard enthalpy of formation for the ZnTe
compound.

Reference AH f208.15 in kImol=1  Experimental method

McAreer and Seltz!4
Zabdyr1®
Nasar and Shamsuddin?3

0119.0+ 2.0 EMF

0118.0 EMF
0116.6+ 0.6 EMF

Goldfinger and Jeunehomme®

0 104.2 Dissociation pressure
Brebrick?2 [0 118.8 Dissociation pressure
Pool24 0119.2 Sn solution calorimetry
Kubaschewski2%) 0123.0+ 5.9 Direct reaction calorimetry
This study 0119.8+ 5.6 Direct reaction calorimetry
AH 2%/ kJ mol 710 153.6X 1o 149.3 (8)
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Fig.5 Molar integral enthalpy of mixing in the liquid
Zn-Te system at 1173 and 1373 K.

000000000000 Peol 00000000000
000 Nasar and Shamsuddin00000000000

3.3 00Zn-Te200000000

1173 KOO0 1373 KO0O000O0 zZn-Te200000
000000.70 Xe00.9300000000000Fig.50
117300001373 KO0O0000 zZn-Te2000000
gooooboooooooboooboboooooooooooo
Zn-Te20000000000O0O0DOOOO0OOO0OOO
gooooobooooooobbOooooooooooo
goopoooo0oOooooobooOoooooooasr3kO
XreD 0.600000040kImolci00000C0OO0ODOO
00000000000+ 10kImolc100O000B OO
goooooboooboooooobozn-TeOoooOoOOOO
oooooooooooooog

4. 000

4.1 0O0O0O00O0
goooo0oOoooooznTeOOOOOODOOO
ShomateOD 0270 000000000000000COOCO
gooooooo0ooo0ooobo0oooO0oooO0o@ayoo
gooooooooooo@ayoooooooooooo
goooo@@uoooooo

HtO H2e8150 ATO BT20 CTo1Q | (11)

CpO AD 2BTO CTO2 (12)

00(13)00000000000000000000(11)
00000000000 @4)00 0000 shomate function-
TOOOOOOOOOO@y)yoooosOOTDOODOOO
goobooooocobobooooboooooooAcDOOl
0 HtO H2e.150 00 TO 298.15 K Cp,10 Cp,208.1511 TO



80

gooo

200

: T T T T B T . T T T 1 T T T 1

¥ | Gy 1c=49.69 J-mol K |

: SF=5.16X 10™T + 9.60 J-mol "K' -~ Knackeetal.

S 60 - - o 160 | | —— This study ro

£ ¥

m -

~ L}

§ 40 - 9 120 | .

2 E

c ~

3 N

" 20 e 18] 80 I

7 ee P

S O @) e

o

= 0 1L 1 i X 1 1 40 1 1 i L (! 1

v 700 900 1100 1300 1500 1700 300 500 700 900 1100 1300 1500 1700
TIK T/K

Fig.6 Shomate function for the ZnTe compound.

Fig.7 Heat capacity of the ZnTe compound.

Table 2 Heat contents and heat capacities of the ZnTe compound.
AHTOATOBT 20CTol0l in Jmolot Kol Cp0 AD2BTO CTE2 in Jmolot

substance A Bx 103 Cx 10°s Ix 1004 Probable error Temp.range / (K)
ZnTe(s) 59.0 5.15 8.54 02.05 + 150 750-1573
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Table 3 Thermodynamic parameters for the Zn-Te liquid phase.

LY (Imol oY)
LY 10 976000 43.8T, LY 10164000 7.29T, LY .oLY) .00

Zn-Te Zn-Te

LY 100406000 38.6T, LY 1o 1,00 337000 20.9T, L ,,0 L o0 L 570 O

G Pznte/ldmolEl0adbTOcT In(T)odT20eT30 /T

a b c d e f Temp.range/ K
0 140700 324.9 059.2 0 0.00157 0 46500 298-1573
0 278900 1294.4 0179.3 0 0 0 1573-1700

Table 4 Gibbs energy of the solid ZnTe Compound.
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Fig.8 Assessed Zn-Te phase diagram.
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Fig.9 Assessed Gibbs energy, enthalpy and entropy
of mixing in the liquid Zn-Te system at 1373K
with experimental values.
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Fig.10 Assessed Gibbs energy, enthalpy and entropy
of mixing in the liquid Zn-Te system at 1673K.
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Fig.11 Distribution of species for the Zn-Te liquid at
1673K.
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