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Abstract — Direct synthesis of methylchlorosilanes was developed by Rochow with addition of copper on the silicon
surface as a catalyst and many research were followed. Most of research were focused on the increase of reaction activ-
ity through addition of promoters and concentrated on the increase of selectivity of DMDC. However, there are very few
studies about the reaction mechanism. Although formation of DMDC was explained in literature, formation of other
silanes were not mentioned at all. This reseach focused on the explanation about formation of all silanes obtained during
direct reaction and TPD. Reaction paths were proposed by means of dissociative adsorption of methyl chloride and spill-
over of surface Cl and H. Surface silicon sites were considered as =SICl, and =SI(CH;)Cl. The synthesis of all meth-
ylchlorosilanes were explained by the adsorption of methyl group on the silicon sites and by the surface diffusion of
nearby Cl and H. The proposed reaction mechanism explains the formation of all silanes during the reaction and also
during the TPD process.
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Table 1. Silanes selectivity during steady-state reaction at 300 °C (mol%) and silanes distribution obtained during TPD with flowing helium after
3 h reaction with CH;Cl at 300 °C (mol%). Catalyst system is SiCu (95/5)

Silanes obtained during steady-state  Total silanes obtained during TPD after 3 h

Silane name reaction at 300 °C reaction at 300 °C
TMCS Trimethylchlorosilane 3 -
DMDC Dimethyldichlorosilane 58 -
DMCS Dimethylchlorosilane 1 -
MDCS Methyldichlorosilane 10 3
MTCS Methyltrichlorosilane 28 22
QCS Tetrachlorosilane - 50
TCS Trichlorosilane - 25
Table 2. Apparent reaction rate orders during steady-state reaction 04
at 300 °C. The rate equations for all products are assumed as
r =k P};,¢;. CH;Cl was diluted with helium to make desired
partial pressue. Catalyst system is SiCu (95/5)
Species Apparent reaction order CH,
Overall 1.6 5 HCI
CH, 1.6 s 2
TMCS 23 L
DMDC 1.7 ® :E
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MDCS 1.3 _S E‘
MTCS 1.5 ‘g. % 0.06
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Fig. 1. Products distribution during TPD according to heating tem-
perature. Catalyst system was reacted with CH;Cl for 30 min
at 300 °C.
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DMCS, MTCS % MDCS 9] silanes £/7F A gtk & 4= Qlo}.
o] 22 2 (904 2 (13)0ll A A S, o5& 2oketd

Table 3o WERE = L= dl, o171l A = o wke by & S
3)=]

TPD A & WA EE= BE Z79) silanes®] WA-S 25 A3}
Al el F=ar Qlet.

A W A2 E e B 2 AelA AN E i AR
5= silanes 5] A4S eskAl Ardal oL vk = Al
J =SiCl,*ll41+== DMDC, MTCS, MDCS, QCS % TCS 7}
a1, A2l B3 =Si(CH,)CI 4= TMCS, DMDC,
TCS = MDCS] silanes 577} A/ Eo] & 4= glo
= ¥ BE silanes o] A& AWl 72 vk w9 = A
AF silanes 91 DMDC = FollA] AAlE 5 7)2] A& g4 oflA
EoE A wo] AER = AERA Y] A A el ar olvh

TPD ¥4 FolX = F2E methyl chloride’} $17] wiit-oll
silanes®] A2 7 C1} HE o]l 2aliA vt A = 2 2 Table 3
oA B30l QCS, TCS, MTCS % MDCS 1o 4] ¥]of #{o} 3}
= o] TPD A3 A3} silanes S/} &3] AXJskal k.
A AAE BES A =2 A2 TPD g% o] B silanes 59
PP EE A A allFaL e & Stk
Table 3. Summary of each silane formation on surface silicon sites
=SiCl, site =Si(CH;)Cl site

¥

4y
%
X
s

z o

Reaction scheme

two CH;Cl adsorption DMDC T™MCS
one CH;Cl adsotption and one Cu-Cl diffusion MTCS DMDC
one CH;Cl adsotption and one Cu-H diffusion  MDCS DMCS
two Cu-Cl diffusion QCS MTCS
one Cu-Cl and one Cu-H diffusion TCS MDCS

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018



296

=Si(CH,)Cl +2 Cu +2 CH,Cl > (CH,);SiCl +2 CuCl  (9)
=Si(CHy)Cl+ CuCl + CHyCl + Cu ~—-> (CH;),SiCl, + CuCl + Cu (10)
=Si(CH,)Cl + CuH + CH;Cl + Cu ——> (CH,),SiHCI + CuH + Cu (11)

=Si(CH;)CI +2 CuCl -----> (CH;)SiCl;+2 Cu (12)
=Si(CH;)Cl + CuCl + CuH -----> (CH3)SHiCl, +2 Cu (13)
4.2 E

SiCu (95/5) Full Al~ElS AF-S S2HA 7Fdste] Fuja
& el Aelig @43} Al7]aL HESAIZ] F TPD A 3 S F31
e mwlel e wkeo] &Y 0= =8iCl,9} =Si(CH;)Cl=
AAISE 4= 91T} o1 7] 9l methyl chlorideE &2 WH-5 Al7]W
methyl chloride &= 7-2]-2 2] ol dllz] S ste] 72]-A4 9}
Ag)Z-E-s F4star, Gaet XA AdE Fihs B o
ol glate] AElEE7 AFE AN sk 310 1 & Qv
H1-8- 714 Zolli= methyl chloride 7} 3-&8}10] BE-L-o] Thola}r] w)
ol o)A 2.2 HE silanes 50] S HAE 4= 313l TPD ¥4
Solli= 714 methyl chloride”} EA13HA] 9o} He} C1] 327 o] 5ol
] %t silanes S°] A/ =7] witoll AAR WHS- 7172 WEg- 2 2}

TPD 37 Foll {414 silanes 591 474 372 BF AWl FaL
ATt o] 52 Table 30 L= giTt.
IN= k=

TMCS : Trimethylchlorosilane (CHj;);SiCl

DMDC : Dimethyldichlorosilane (CH,),SiCl,

DMCS : Dimethylchlorosilane (CH;),HSiCl

MDCS : Methyldichlorosilane (CH;)HSICl,

MTCS : Methyltrichlorosilane (CH;)SiCl;

QCS  : Tetrachlorosilane SiCl,

TCS : Trichlorosilane HSiCl;

7 A

o] A= Fefrhsta del oJa A= glom ofof A=
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