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Abstract: The complex chemical reactions in the Si-CIl-H system with relation to Siemens process were studied

by means of calculation based on the thermodynamic data selection. Diagrams of A,Gf and K? for the fifteen
chemical reactions in this system wversus temperature were plotted; diagrams of the equilibrium gas phase
composition and n-yield were presented as a function of temperature for different total pressure and initial molar
ratio of SiHCI;/H,; diagrams of o-yield were presented as a function of initial molar fraction (x,°) of SiHCI; for
different total pressures. The results from this thermodynamic study show that high temperature, low pressure and
low initial molar ratio of SiHCI;/H, are favourable to the reduction of SiHCI; by H, and o-factor of Si increases
with initial molar fraction (x,°) of SiHCl;increasing
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3000 80 1
H, SiHCl, :
[“7-13).
SiHCIy(g)=SiCl,(g)+HCI(g) )
*Si-H-CI” ) 4SiHCl5(9)=Si(s)*+3SiCl.(g)+2H:(q) @)
SiHCl, *Si-H-CI” SiHCIy(g)+H,(g)=Si(s)+3HCI(g) (main reaction) (3)
’ - loan Niederkorn SiHCIy(g)+H,(g)=SiH.Cl,(g)+HCI(g) @)
1966 Si, SiCl, SiCl,, H:SiCli., (n=0~4),HCI SiHCI4(g)+2H,(9)=SiH:CI(g)+2HCI(9) )
H ? SIClL(g)+2H(9)=Si(s)+4HCI(g) 6)
, ST P SiHCI, SICl(g)+HAQ)=SiCL(g)+2HCI(g) 7)
Si Bl: Sirtl 2SiCl,(g)=Si(s)+SiCl,(g) ®)
1974 H, SiCl, SiHCl, HCI SiH,Cl, Si,Cl; SiCly(g)+H.(9)=SiHCly(g)+HCI(g) ©)
SiH,Cl SiH, Cl, 14 , SiCl,(g)+H(g)=Si(s)+2HCI(g) (10)
Si - Si 2SiHCl3(g)=Si(s)+2HCI(g)+SiCl.(g) 1)
-SiHCl, ¥: Diana SiH Cly(g)=Si(s)+2HCI(9) 12)
1981 H, SiCl, SiHCl; HCI SiH,Cl,(g)+H:(g)=SiHCl(g)+HCI(g) 13)
SiH,Cl, Si,Cls SiH:Cl SiH, Cl, 2SiHCI(g)=SiCl.(g)+SiH:Cl,(9) 14)
SiCl, SiCl SiCl; SiH H Cl Si SiH,CI(g)=HCI(g)+Si(s)+Hx() (15)
Si H./SiHCI,
Bl , Sirtl 1965 ,
[6] , ,
SiHCl, “Si-H-CI”
: B . Si(s) Hx(9)
“Si-Cl-H” HCI (g) SiCl,(g) SiHCl;(g) SiH.Cl,(g) SiH.Cl(g) SiCl,
: (@ SiCl(g) Si.CL() 8
1
1 298.15 K 101325 Pa
Table 1 Thermodynamic data of the related pure substances at 298.15 K and 101 325 Pa
Pure A,Hi’ / S: / Cor=(a+hx10°T+cx10°T2) / (3 mol* K?) Temperature
substances (k3 molt) @ mol* K% a b c range / K
Hx(9) 0.00%4 130.58% 27.28% 3.268 0.50™ 298~3000
HCI(g) -92.054 186.7744 26.534 4.6004 1.0984 298~2 000
SiCl4(g) - 662.74% 330.830 101.46%4 6.8611 -11.5184 334~2000
SiHCI4(g) - 513,050 313.761
SiH2Cl,(g) -320.531 285,721
SiH:Cl(q) -142.00% 250.819 77.240 15.857 - 45,350 900~1500
SiCly(g) -164.438 281.83% 57.57% 0.38% -5.65 298~2200
Si(s) 0.0014 18.83 22.801 3.85% -3.5284 298~1685

SiH.Cly(q): Cn=21.583+1.761 810"T- 1.617 910-*T*7.086 010-°T>- 1

.190210"'T* (100 1500 K)™

SiHCI4(g): C,,=24.939+2.506 810'T- 3.409 010“T%+2.170 710 'T*- 5.200 310 “T* (100 1500 K)*
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2.2 :p~=101325 Pa, p n
Brinkley & , :
15 S ; n=n,+n,+n,+n,+ns+ N+ ny (21)
5 ng nd SiHCI;  H,
) H Cl Si3
5 1 , :
1 1 (3) (6) (10) n40 + 2n10 = 2n1 + n2 + n4 + 2n5 +3I’l6 (22)
(12) (15) 1 5 3n0 =n, + 4ny + 3n, + 2ng + ng + 2, (23)
: nS=ng+nNz+n,+ns+ng+n; (24)
/ , 16)~(21) N
© a1 1.1 P—) (
Ks = nengingn'| 0 (16) L4 (16)~(23) 8
/ /
o b ’
Kos = nz“nl‘zng'ln'l( p@ ) 17 , X
© _ n2n-n.t 18 , nSiny’ ) 30 K
Koso = N5y (18) 1000~1500 K
KPe,lz = nzzns_ln_l(%) (19)
P 3 SiHCl; H, n,2/n,°=1/30,
S} P 101 325 50662.5 20 265 Pa
Kp,ls = nlnzns-ln'l(\ p@ ) (20) 3 | |
n X 1,2,3,4,5,6,7 SiCl, HCI X
SiCl, HcCl

H,,HC1,SiCl,, SIHCl,,SiH,Cl,, SiH,C1.SiCly; K ’
 SiHCl,  SiHC
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