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Table 1 Standard enthalpy of formation A H?, of materials of
silicon tetrachloride hydrogenation process(100 kPa, 298. 15K)

AH /(K] - mol™)  S?/(J-mol™ - K™")

m

AT HEA R A AR AL, HAb 2R Sicl, (1) -662.97 331.02
Ji BT SiHCL (1) -496.37 313.48
SiCl, +H, >SiHCI, +HCI SiH, CL,(g) -311.81 286.26
LJ%~‘@JE$%X¢ R TR, o RE R () 0 130,60
EIZE R NIE 2 fs. ’
15— PE SRS ST DGR A HlCe) 9236 186. 82
K2 MEUESEREPEMROER
Table 2 Materials constant of silicon tetrachloride hydrogenation process
A Bx10' cx10* Dx10° Ex10"
J-mol™ - K™ J-mol” - K? J-mol™ - K7 J-mol™ - K™ J-mol™ - K7
SiCl,/g 31.67 3.15 -5.06 3.54x10 -8.96
SiHCL,/g 24.94 2.51 -3.41 2.17x10 -5.20
H,/¢g 25.40 2.11x107" -3.85x10™" 3.19 -8.76x107"
HCl/g 29.24 -1.26%x107 1.21x107 4.97x107"! -2.50x107"
A R BRE SN A 1M
AH? (298.15)=-491.37-92.36-(-662.97 )= C.=A +BT+CT+DT +ET =1,
79.24 kJ/mol 2, ..., N(1) (1-1)
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Fig. 4 Crystal structure of barium chloride level (111), (110) . (100) after relaxation
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Table 3 Energy before and after the relaxation of different crystal planes

Energy before relaxation/( Ha) Energy after relaxation/ ( Ha)
(111) -103832.973991 -103833.017920
(110) -176122.951410 -176122. 962469

(100) -176122. 806386 -176122. 837961
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Table 4 The change in hydrogen bond length before and after the H, adsorption(unit A)

Before relaxation/ A After relaxation/A The change/A
A 0.749 0.754 0.005
B 0.749 0.785 0.036
C 0.749 0.985 0.236
D 0.749 0.944 0.195
E 0.749 0.760 0.011
F 0.749 0.785 0.036

HZER AT, fEA RSO N R AT S O, BaCL(111) Wi R X H, 705 2544 i s IR,
ARSI, Ko As bRy C A At Hy, 20 P& 1E BaCl, (111) JZ A2 fE B/, IR
0.749 A KNy 0.985 A, RIYiuibri. it Tk BaCl, fA7LE i 1L,

®5 SEFENRFZEMERRMATEEL (HRNaEi3.291 1)

Table 5 The change in distance between the hydrogen atoms and barium atoms before and after theadsorption of hydrogen
(The barium-chlorine bond length is 3.291 A)

Before relaxation/ A After relaxation/A The change/A
A 3.736 3.891 0. 155
B 4.271 4.366 0.095
C 3.064 2.525 -0.539
D 3.182 2.526 -0.656
E 0.749 0.760 0.011
F 4.271 4.366 0.095
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Table 6 Adsorption energy of hydrogen molecule on

BaCl,(111) surface

E,./(kJ - mol™)
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Table 7 The change of silicon-chlorine bond length nearest the BaCl,(111) surface
Before relaxation/ A After relaxation/A The change/A
H 2.041 3.752 1.711
I 2.041 5.614 3.573
G 2.041 4.070 2.029
K 2.041 7.411 5.370
L 2.041 4.619 2.578
M 2.041 5.01 2.969
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Table 8 The change in distance between the absorbed chlorine atom and the barium atom

Before relaxation/ A After relaxation/A

The change/A

The distance after relaxation compared with Si-Cl/A

H 5.797 3.230
I 4.452 3.320
G 5.628 2.292
K 4.400 3.314

5.135 3.164
M 3.680 3.286

-2.567
-1.132
-3.336
-1.086
-1.971

-0.39%4

-0.061
0.029
-0.999
0.023
-0.127
-0. 005
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Table 9 The adsorption energy of silicon tetrachloride
on BaCl,(111) surface

E,../ (k] + mol™)

H 458.34
I 447.81
J 397.19
K 454.80
L 454.60
M 448.33
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Fig. 5 The reaction energy process of SiCl, and H, on the BaCl,(111) surface
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First Principles Study on the Reaction Mechanism of Catalytic
Hydrogenation Process of Silicon Tetrachloride

YUE Xiao-ning, LONG Yu-qgian, HUANG Tao, JIANG Wei, CHEN Jian-jun, LIANG Bin
( College of Chemical Engineering, Sichuan University, Multi—phases Mass Transfer and Reaction Engineering
Laboratory, Chengdu 610065, China)

Abstract; The treatment of silicon tetrachloride is the key problem for the development of polysilicon industries.
Catalytic hydrogenation process is a promising alternative technology for current industrial process. However, the
reaction mechanism of this process is not clear yet. In this research, hydrogenation process of silicon tetrachloride
with and without catalyst was studied to determine the reaction mechanism with the first principle calculation. The
calculation demonstrates that the thermo-hydrogenation without catalyst is a molecular reaction. The reaction energy of
thermo-hydrogenation reaction of SiCl, is 74.94 kJ/mol and the energy barrier is 464.45 kJ/mol, which is agreement
with the results of thermo dynamic calculation. Employing barium chlorideloaded on the HZSM-5 zeolite ,as catalyst,
the hydrogenation process transfers into radical reactions. The best active crystal plane of BaCl, is surface (111).
Hydrogen molecular is repulsed by surface (111), meanwhile SiCl, molecular can be adsorbed steadily to generate
silicon trichloridefree radical + SiCl;, and adsorbed chloride. Then, the free radical + SiCl, reacts with H, to produce
trichlorosilane and free hydrogen atom. The latter combines with the adsorbed chloride atom to yield hydrochloride
and desorb from surface (111). The adsorption energy of SiCl, on the surface (111) is about -450 kJ/mol. The reac-
tion energy of hydrogenation process of SiCl, decreases to 184.97 kJ/mol and the energy barrier lowers to 400.23 kJ/
mol. The employment of catalyst which betters and milders the reaction conditions significantly.

Key word : silicon tetrachloride; catalytic hydrogenation; the first principle; radical; barium chloride



