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Abstract: Tetramethyl orthosilicate (TMOS) was obtained by the direct synthesis of methanol with metallic silicon including copper compound as a
catalyst and zinc compound as a promoter. The effects of the preheating temperaturc and the preparation method of the contact mass on TMOS
synthesis were investigated. The composition cffects of the contact mass which was composed of metallic silicon with copper catalyst and various
metallic halide promoters including Zn, Sn or Cd compound were studied also. The best performance on TMOS synthesis was observed on a mixed
bed rcactor containing metallic silicon preheated with CuCl as a catalyst and ZnCly as a promoter. When Cuw/Si=7 wit %, Zn/Cu=7 wt % was
mixed in a slury phase and activated into contact mass at 380 C, the average selectivity was 87.2% in the silicon consumption of 69.2% at 220 C.
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Feed (Contact Mass) ——

Nitrogen

g - Product - -~

. Methanol Bottle 10. Secondary Condenser

1

2. Metering Pump 11. Receiver

3. Thermocouple 12. Solid Filter (Glass Wool)
4. Methanol Vaporizer 13. Balance

5. Electric Heater 14. Inert Gas Bombe

6. Impeller(Double-Helical type) 15. Gas Purifier

7. Fluidized Bed Reactor (Main Body) 16. Flowmeter

8. Agitator 17. PID Controller

8. Primary Condenser 18. Gas Chromatography

Figure 1. Schematic diagram of experimental apparatus.
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(b) Contact mass before reaction
(composition: Cu/Si =7 wt %, Zn/Cu =15 wt %)

(d) Residue after reaction

Figure 2. Scanning electron micrographs of the contact mass
on silicon surface during TMOS synthesis.
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Figure 3. XRD patterns of the silicon(1), contact mass of CuCl/
ZnClx(2) and residue after reaction(3).
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Table 1. Effect of Temperature on the Formation of Contact
Mass for TMOS Synthesis

E Contact Mass | Selectivity'’ | High Si Induction
I\}( D- Formation (TMOS/ | Boilers” Consumption | Time
% | Temp. (T) | TMS) (%) (%) (min)
1 230 very low catalytic activity
2 280 >1000 178 155 0
3 380 19.2 65 688 30
4 430 59 1.0 61.3 0

1) Selectivity based on methoxysilane formed excluding high
boilers. Compositon of contact mass: Cw/Si=7 wt %, Zn/Cu=7
wt %.

2) High boilers are mainly composed of disilane compounds.

Table 2. Effect of Mixing Methods and Solvent for Contact
Mass on TMOS Synthesis

. Selectivity! | High Si Induction
%{3 I\I/\l/lel ;::gs (TMQS/ | Boilers | Consumption { Time
) TMS) (%) (%) (min)
5 | Dry mixing 6.7 9 471 30
3 | Wet mixing) 4, 65 | 688 20
(n-Hexane)
Wet mixing - =5
6 (Methanol) 156 2.2 61.0 190

1) Selectivity based on methoxysilane formed excluding high
boilers. Compositon of contact mass: Cw/Si=7 wt %, Zn/Cu= 7
wt %.
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Table 3. Effect of Reaction Temperature on TMOS Synthesis

I?\}((S R,?‘Zit]il;’.n TI};%Sl | High( % lers Consusrilption Inijl‘-il;;LOH
© %) (min)
7 260 748 299 331 0
8 220 872 38 69.2 30
9 180 91.2 153 488 0

1) TMOS(%) means the ratio of TMOS/methoxysilane formed
excluding high boilers. Composition of contact mass: Cw/Si=7
wt %, 7Zn/Cu =7 wt %. Contact Mass amounts used = 10 g.
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Figure 4. Effect of reaction temperature on the TMOS formation
(Composition of contact mass: Cw/Si=7 wt %, Zn/Cu =7 wt %).
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Figure 5. Effect of reaction temperature on silicon consumption
(Composition of contact mass: Cu/Si=7 wt %, Zn/Cu=7 wt %).
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Figure 6. XRD patterns of the contact mass of Cu(OAc)yZnCl
(1) and the contact mass of Cu(OMe)y/ZnCla(2).

Table 4. Effect of Copper Source on TMOS Synthesis

B9 whgoll 9% Tetramethyl orthosilicate(TMOS) 343 (41 2) 257

Table 5. Effect of Promoter on TMOS Synthesis

Exo. | Copper Selectivity” | High Si Induction
N(i)‘ o chee (TMOS/ Boilers | Consumption |  Time
: Y TMS) (%) (%) (min)
3 CuCl 192 65 688 30
10 | CwO 32 12.1 614 30
11 | CulOAc) 16 80 676 0
12 | CulOMe), 22 205 376 100

1) Selectivity based on methoxysilane formed excluding high
boilers. Reaction temperature = 200 C, Composition of contact
mass: Cu/Si=7 wt %, Zn/Cu=7 wt %,
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No. Type Coptent (?[‘IKT;%?/ (%) Cons(t;n)ptlon
(wt %) °
13 | None - 100 283 41.1
14 Zn 15 1111 31 418
15 Cd 013 71 209 427
16 | Zn/Cd | 15/0.06 83 0 478
17 Sn 05 24 200 322
18 | Zn/Sn | 15/0.13 37 151 36.0

1) Selectivity based on methoxysilane formed excluding high boilers.
Reaction temperature = 240 C, Composition: Cu/Si =7 wt %,
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