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Thermodynamics of transformation process from SiCly to SiHCl;
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Abstract: Based on the thermodynamic data for the related pure substances, fifteen possible chemical reactions in the
SiCl, hydrogenation system of Siemens process that is one of the main process for the polysilicon production were studied.
The AGS curves of the fifteen chemical reactions in the system versus temperature were fitted by the assistant of
computer. The values of AGS for most reactions are greater than zero at the range of 973K to 1 773 K. That is to say
that the value of equilibrium constant is small. Therefore, the small degree of the reactions was carried on. Five
independent reactions in the process were decided and the relation between Krf’ and temperature was fitted by the
assistance of computer based on the thermodynamic data for the related pure substances. The value of Kr? for main
reaction (1) increases a little at high temperature, but the value of Kp® for side-reactions (2) and (5) increase quickly.
Besides, the value of Kr? for main reaction (1) is low at low temperature, for example only 0.157 1 at 1 373 K.
Therefore, the transformation ratio of SiCl, to SiHCl; being low is a objective fact which can not be changed. Furthermore,
the influencing factors, such as the temperature, pressure and feeding mole ratio, on the transformation ratio from SiCl, to
SiHCI; were studied. The diagrams of #—transformation ratio are presented as function of temperature, pressure and

feeding mole ration, respectively. The transformation ratio of SiCl, to SiHCI; decreases with increasing the temperature,
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and the pressure have a positive effect on the transformation ratio. Furthermore, the excess of H, is necessary in SiCly

hydrogenation system of the modified Siemens process. From the thermodynamic above, The results show that the

optimum operation parameters are at 1 050 °C, 0.3 MPa and feeding mole ratio ny,

transformation ratio from SiCl, to SiHCl; is 25.78%.
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Table 1 Thermodynamic data for related pure substances at standard condition (0.1 MPa, 298 K)™"!

Substance A HS/(Jmol "K' §°/(J-mol™") a b c d e

H 0 130.6 3.298 8.2%X107* -8.14X107 -9.47X107"  4.13x107"

2 : 2.991 7.0X107* -5.63X107°%  —9.23X1072 1.58x107"

Si(s) o 18.830%

) 5.252 3.12X1072  —5.25X107° 4.10x10°% —-1.22%x107!!
Sicly 662970 331.02 11.709 1.97X107°  —1.27X10°%  3.90X107"° —4.76x107*
3.338 1.26X107°  -3.67X10°  4.70X107° —1.84X 10

Hcl 92365 186.82 2.755 1.47X107° —4.97X107  811X10" —507x107"

) 2.883 331X1072  —5.17X107°  3.95x10° —1.17Xx107"
SiHCl, 496 369 31348 9.663 3.56X1072 —1.21X10° —1.61x107"  564x107*
) 3.827 1.31X1072 -2.22X107° 1.76X10°%  —527Xx1072
Sicl, 168652 281.24 6.491 824X10%  —577X107  1.97X107° —271x107"

) 1.100 3.26X1072 —4.69X107°  3.49x10° —1.04x107!
SiHLCL, 311806 286.26 7.727 5.03X107° —1.09X10° 4.42X107° 1.63x10°"
) 0.506 270X1072 -330X107° 230X10°% —6.78X 1072
SiH;Cl ~134779 250.25 5.964 6.28X1072  —820X107 —9.28%X107"° 280x107"

Si(s):c, m=22.80+3.85 X 10°7-3.52X 10°T 2, (298—1 685 K)**

The first row values of x (x=a, b, c, d, e) are interpolated between 300 K and 1 000 K, the second row between 1 000 K and 2 000 K.
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0.2~0.4 MPa; HEEHCLE ny, Msic, K 2~4) 5, TAESE
brAr=h, SiCL A ERAR] 20%, P, @it s
BAESRAE RAERIRE LA Rl e 2656 ] DLE— 04
SiCL A%, XFEIATHE— LB, W
I AR — LB AP .

3 Zig

NN RSP SAWIE S ¢ 0 R R e A e H
LSRG T AR “Si-Cl-H” = I R A4k
RN, BT SiCL Sk Ak SIHCL ik F i n] Rk
PRI 1S AN, 4 15 ANV AGE —T k. th
TARREAE 973~1 773 K Yl A, KBV AGS $t
EHSRT 0, Ui BHIX 2L S W (1) P-4 BUR AN, R HEdk
7o

2) ffiE A SiCly F ik Ky SIHCL W FErp 5 ANl
SRR, FREHX S AR N KD —T ik, w5
W, R RN KD KR, SiCL AL RAR
G MRS, 35 SO (R~ 1487 8 OARAIG, 1 1373 K
WX R 0.157 1, R, SiCl, M A% S To7 R i

3) BRI TR, SICl, EALRAE N5 i
Wi . R R, SiCl AR, HbRHT
F( gy, /ngicr, YiF SICL AL LF-BEA 20 s T LK
B, SiCly AL FRBARMR, HEREX SiCly A%
JUT-BA R . R, XS SiCl, Sk bl SiHCl,
AR EEE, Wik HrfE e 0.3 MPa I, ffE#
YRR FE N I HIAE 1000 CAiti.

4) SiCly [P5L Ak 2 B A5 Fe o 1 36 K0T 34 K, 7
0.1~0.3 MPa Z [A], ZALFEIIINALR, B3R T 0.3
MPa I, SR INEE . Esehrdr i, etk
JE 50NV 1% 617 0.3 MPa Aifq .

5) 1F SiClLy Zfb &4, i Hy X SiCl, &k

S AR L, B BERHICLE ny /ngiep, FIHEK, SICl
MIZAHRIT K o 2 nyy Ingiey, £E 2:1~4:1 JaH I, SiCl
RIS R 2y Ingie, KT 41 1, BI04
1. FLAM I REER} ny /ngicy, IOTCLL, 22 5
FE S AN BVl N & o =7 1 [ S 1 P ] T YA eVt
HEEHEC LG ny, Msic, ARSI 4:10

6) fifisE SiCL A ¥4 STHCL 1R I de 4 A
ZAFR: WE A1 000 C, JEEA 0.3 MPa, HEE
BEE ny /ngiey, K 4o FEBEZAER, SiCly LA
25.78%, EbRA I RS
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