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Abstract : An optimum synthetic condition was studied for the MCS used as a silicone monomer. The contact mixture was made from the four
component catalyst system(CuCl/ZnCl/Sn/Cd) and silicon particles. The contact mass was used for a series of experiments with methyl chloride, which
were designed and done to explore the optimum condition for MCS synthesis by an experimental design method. The optimum temperature and MeCl
flow rate, which were obtained using 50 g contact mass at 60 rpm and 1 atm, were in the range of 300-305C and of 70-80 ccm. Also a continuous run
was performed to confirm the conditions. The results showed that the average reaction rate and selectivity were 170 (g-MCS/hrkg-Si) and 005
respectively at 67% conversion of MeCl and 92% silicon utilization rate. Also the parameters of overall reaction rate equation and a total pressure were
estimated on the basis of the results of the continuous run.
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Si + 2 CHiCl -—--> (CHy)SiCh, (CH)sSICl, CHSSICls, FAE FR47 o2& DDS| MUY $AL AT & 9=
' CHSSIHC, gy 9% FAYholt. of Wee SEAYUAE FRUL BAR

o] ¥hg& 2% 270~330T, ¥F 1~Tame ZANME Zujd}d) & efaH6l
A QAT A golol, KeadlmoleMCSe] G a7 TAFARENHE WEAEAL A @ @el Hdn
T Hgusolti1~3). gz A AL LolaA 8l '
A8 ggHozE HErle AR B Yo AYade] FFd - ko KueaiPrec
FEFNE7IG AR5 ENE7IE dE] AHEsta Q3] o] wt T [1+(KvecPaec)™ + KaiesPaes ) @
$+& FAAEYA DDS(dichlorodimethylsilane) ©]&lef  TCMS
(trichloromethylsilane), =~ TMCS(trimethylchlorosilane),  DCMS Aq71A r& W4T (g-MCS/rkeg-Si), ket £EAH(g-MCS/
(dichloromethylsilane), T4 B4 S 2A8So] Y4¥oz 4 hrkg-Si), Kuea®t Kues® 22 F39 845 @tm™), Preast Pucs
JAQ $57} B2 DDSY NLAEE =i $AAIE Ro| 2L T ¥Ham)e 47 derdoh 300C, 13atm, 10% CuZvistel
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2 AFdME 71& Cu/Zn/Sndl 3REZHATA Cd ZolE =+
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] Zn/Cu=0., Sn/Cu=0001, Cd/Cu=00017} HEE FA%1,
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1. Ntrogen Bomb 12. 1st Condenser

2. MeCl Bomb 13. 2nd Condenser

3. Gas Purification Column 14, Product Receiver

4. Ball Float Flowmeter 15. Low Temp. Cooler

5. Oxygen Remover 16. Circulating Cooler

6. Manometer 17. Personal Computer

7. Gas Purification Column 18. Power Regulator

8. High Torque Stirrer 19. Mass Flow Controller
9. Fludized Bed Reacter 20. Gas Chromatography
10. Electric Heater 21. Digital Pressure Indicator
11. Thermocouple 22. Vent

Fig. 1. Schematic of the experimental apparatus for MCS
synthesis.
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HE2EZo] F&Ho FEAFSA WeAZ + ok wde
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Table 1. Experimental Design for MCS Synthesis

Table 2. Experimental Results by Experimental Design

Design Factors Design Results . Flow rate of | Reaction Rate} DDS
Experimental| Temperature) = 1 0y (g-MCS/ | Selectivity

Experimental Variabl Reaction Temperature (C), Flow Rate of Run Order (C) (em/min) h%kg'Si) (T/D)
Xpermer! A | MeCl (em*/min; ccm) -

R Variabl Initial Reaction Rate (g-MCS/hrkg-Si), ! 30 176 12 0045

esponse VarableS | pps Selectivity (T/D) 2 300 102 155 0.028

Design Level 5 Levels 3 320 30 155 0.072

- 4 320 2N 239 0.041

Reaction Temperature | 271.7, 280, 300, 320, 3283

5 300 60 211 0.056

Flow Rate of MeCl 176, 30, 60, 90, 1024 6 M7 o % 0,052

Number of Runs 10 7 39892 60 295 0.089

Run Order Randomization 8 280 30 70 0.059

9 300 60 224 0.048

o458 50 cem(em’/min) BT o & 60cemE FAHF0E 10 20 % %8 0.051
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Fig. 2. Effect of reaction temperature and MeCl flow rate on
reaction rate.
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Fig. 3 Arrhenius plot.
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Fig. 4. Effect of reaction temperature and MeCl flow rate on
DDS Selectivity(T/D).
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A714 ke 95 A, Ear 8434 A (Keal/mole), R 7]
A 441987 cal/mole K), T AULE(K)olt} Fig. 3 280-300
T HHolA Arrhenius plotE HoFo(AAASF=098), A9
dHog R WMELAA35x1008 21, 7147)(-816)2RH
48U (Ea) & 94& & %len, 2 #L 162(Kcal/mole)
ojAck A Si/Cu ZelAlNAN B4R gk 20~27(Kcal/mole)
& B Fo09[2 3], Si/Cuw/Zn/Snd] 3UZujA o)A B4 stel )
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ko = 353 % 10° Exp(-8167/T) (4

2 Yy £ ok 300C, McemolA wHE&TE 230(g-MCS/
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AFEQAHA A E(T/D)7E 0.06 A=A vl ZEHAL].

310~325T HHME 245 wE wesne wilge
ula)ge], 315CAA Ad WE4EE HoFglen 1 e
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e 57 g JMgEA 24AEE BeFe delw 1(K) 4
A BHEETE T(g-MCS/hrkg-Si) T #2449} 330T oA
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DDSe AMEEE TCMS tig DDS H|(T/D)EAM EAHT,
DDS9 #Fo] 1 TCMSY &&Fo] 3& £E T/Dtol HolR
) DDSell di3t ¢ MYTE oujdch wELxd ©& T/D
o #AE BAFE Fig. 425H, MeCl9l HFo] 120 ccmol 2 ¥+
$2%7F 315CY o T/DE 0284 HAXNES Jehygded
#ol 70cem, SE7F 330CAHE T/D7F 0.0614 10744 ¥ 3}s]
Ak A U0TANE T/D7E 01 olFo2 £59 Ao uwa}
T/DY F23 A5< B FHon o= HEEA v|PA o)
e} DDSHETH F4HE9l TCMSY) dHakol Ajdo g Z7h3td) 7
At W 260~305C WHolME wS2Est A5 wal
T/D7t 37bshd 1 ¥dtgo] HEE noFo

A7) A2 RH B o Be4E0 AAS(T/D)E FAd 9
Z2AA F AHLTEYE 305~315To|AT, B dFe MCS
F4e U] A3 FAH eIl E €3 runaway’t QE
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o mEbd HE2EE AVIZRT ok Be 300~3056T WUt
HAQ Ao woHy] gRE TAHY FEIY HIdME
300C FIollA w3718 s Ao A Y3l
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Fig. 29] ¥H¢-2% 300~305C RI2A 29 H48%53 44
(B0cem A=) oldte] F&oME #50] @ isimm {39
7kl met whg & s FUEh a2y f#ol Seem B
AME TgE=rt 26002 HAE Holtl, #%o] 100cem ©l
FellAE BHEEEE 200 olFR2 TS A #AsYT ol YR}
8 7|7k AL v PRso] v BFHse] fEHo UYgoz s
g BASe datee FUHo| gidez LTyl Aa
3l Aoz Ao

3 Fig. 4914 BB S0cem F2olA HHZ(T/D)7F 0.06 A%
Ront, MeCle] ol Frhgtel wet Melxr} Zasts] A3s)
o] 120ccm #2994 0022 H47 HYck §20] 50cem o) 3}l
HE frEol 483814 Yo} F4EH MeCle) HZo] d5x 9
HgEtsle] §352] e whg o) v@Asd ISl TCMS
o BAE FIMNROEN HEEI) 53] @ oz 4z
a2y 120cem F2o4M e v @A sE BA S A b2
BEo] FE2HT HAF 279 FAYAST eI e ¢ H
of AU HEEAY MeClel 212 HZo o3 weg 3
oz eyt 943 Rog AZddy. a2y F3d B2 M=
59| Wshge Ao,

ouk MeCl9) %ol 37t 2 Bl @A} 31 1)
£ 3718 2T S0, &89 MeClo] AALEE o A5

A R BEEER A HEEs} g ZaHE Aoz SA
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71", g7 & e FEAFZ) &Hegol o
2 ) 208t 4g/hr2 FY8R, sHlE MeCl
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$AQ A¥E stk AA 2PN 202hr T
&8 8Regd TSR, 45g/Mhrd SE2 290229 MCS

uT JEA Wg ol WAl Be AR HUE B
23719 FA5E v@ Bl o HE4ES Aash DDS
olglel $AEARA ANAstE Aoz BT FRHAARES
P9z FEHAOM, MeClel AHLE 67%2 o} w3tk B
#5329 4224 Bol/A49 vt 15492, MeClel AFA
e 18sec, WERAY AFANE 2A3hrdth MeCl AREE
REAT7) 9 wol/A40) Mg 1580 1§ 2 gom A7)
A MeClel & oz %% Ba7t 98¢ uelFth $53
o Eogel FRE weBAte Belrh golatA %o} of Whr
skh RALE Aol 315mesh EEAZ ALRad TR A7)
2 Fe YA ANELT A EHY VR TeIRRLe
64%31

3.5. ZENSET
Ward7] 5 4 29 ¥4 (KucPuc)” $& A3t 9.3
(13%)& 7HAx2 AAANZ ¥ Pug flows 7Hd8ln, A total
pressure) % MeCl8] AFE2 FAHE 454 4 g4
A& 4 (5) 2 A (6% 2ol 47 T
F (I-II+1ID)
ky = —_— ()
2 KueoMsi
_ F (IF-I+IID) Pyeay
2 Mq [1+KaicsPucs)

(6

o 7)4 1=(1/2P)(1-PKucs)’, I = (1/2P)(1-PKacs)’ log(1-X), T =
2P Kucs® log(1-X/2), Puer=P (1-X)/(1-X/2), Pucs = PX/(2-X),
PE AHatm), F& MeCl9 &% mole/hr), X MeCle AEe,
Mge 971U ZAFta3Hkg-S1)E 242 el

3449 A% #FzD ¢ ZA0EAHY 1atm, MeClF-3, &
T4 % MeClel HEE 67% P FALEE 2% 7A9 I
4T 170 (MCS-g/hrkeg-Si)E 4 6o tigstd Al et
02 KyesS 78 27 2 3L 03atm 0|9} o e 23
2l #AAE BT g4 Zow ol  AFdM ALY &
o] F2FEGR)A 7IAdHE Aoz gudrh

2 dFdAE FEnsTIne Agsgong whetE s A
2 IFANZAoY, Kues=034atm’s X=0678 AHgshe] At
o g3t FUSEEE TAY A7 Fig 59 22 WilE o=¢
F 0t AgAF (1 ~datm)olMe AgEe F7td wa} wgs
T o F7P} FEishY, 4atm oA E G WE WS
F7H&o] £3E It 6atm oelA e wHE&RS Frt wvF
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Fig. 5. Effect of total pressure on overall reaction rate.
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1) 4929 FF71F 248 Cw/Zn/Sn/Cd(1/0.1/0.001/0.001)
o2 g1 F4/EF0(%HH)E F EEs BAGH o4 HEER
& ZAG F o] A= 50gs APo]l Lol Wt FF5F S
o ¥3 AgetelA MeCld vHSAIZ o, MCSe] HARA X
300~305°C, MeCl9] #2F& 70~80 ccm BESTh

2) 300C, 70ccmolAl MCSE#A wH$45E 230(g-MCS/hrkg-
Si), DDSY HE=(T/D)e 0042 ¥3dgeny, 1 o 43
A= 162 (Kcal/mole) 2 HlZA Wetm whg&EAtfel 2%
&AL 2 353x10° EXP(-8167/T) 2.2 vehd 4 Usich

3) AR HHAPxHAA 22hr T 9EHo2 HFsto,
TFALEE N2% 2 MeCl HEE 67%04 HIFWLLEE 170
(g-MCS/hrkeg-Si), BoAEE 0069 $58 232 g5
o] 272 EUz £3u24% HevH Kycs(0.M atm)E 343}
3, 4 &AL 78 27 6amo] AH AYF 4& 20
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