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Figure 1 A schematic diagram of low-temperature methanol
synthesis in a bubble column slurry reactor

1—syngas cylinder 2—pressure buffer tank 3—oxygen re-
moval 4—water removal 5—CO, removal 6—preheater
7—-Dbubble column slurry reactor 8—water cooler 9—prod-
uct receiver 10—pressure let down valve 11—wet-gas me-

ter 12—gas holder 13—mass flow meter
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OP-10
OP-10 5.0 MPa 120 C
4.0 MPa
Co, 100 x 10 ™® ~500 x 10 ° 5.0 MPa 2h
13X 5A H,0
Co, 40 pum ~ 60 pm
MXL 1
CuCatk
1 25h No. 1
MeONa 0.609 ¢/ g.; h
P No. 6
2.1 CuCatE 0-912¢/ gui b
CuCatE 2.56¢g/ g.: h
4.0 MPa 383 K Ih 2h
80.4 mol/ kg, h " 2.56 ¢/ g h
9
1 CuCatE MXL
Table 1  Reaction performances of CuCatE catalyst under both gas flow and liquid batch
No. Catalyst comp. t/C p/MPa liq.. fiun time yield N Remark
medium t/h /g gu h
1 MXL +60 mL.  MeONa 111 4.2 A 340 mL 25.5 0. 609 basic run
2 MXL +73 mL.  MeONa 112 3.4~4.7 A 345mL 11.0 0.620 simulation of BCSR
3 MXL +60 mL.  MeONa” 110 3.1~1.6 A 340 mL 8.4 0.663 effect of commercial MeONa
4 MXL +90 mL.  MeONa” 110 3.6~4.6 B 310mL 7.8 0. 604 effect of liquid methanol
5°" MXL+60mL  MeONa 110 2.3~3.0 A 370 mL 7.0 0. 864 effect of OP-10
6 MXL + 150 mL.  MeONa” 110 3.2~4.4 A 250 mL 6.5 0.912 effect of cat. concentration

notes No.1 ~No.5 40 g MXL

2.2
2.2.1

1L

2.270 ~2.568

12

MeF
MeF

1

No.6 52 g MXL

No. 3
32.63

* commercial

No. 4

# % addition of 40 mL. OP-10

0.4 mol MeONa
MeONa
No3 No. 1
No.5

A—xylene B—methanol

MeONa
MeONa
CO

0.2 mol

OP-10
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80% 61.63% MeF 2.76%
59. 74% 26. 16%
2.2.2 MeF 7.39% 800 r/min ~ 1 000 r/min
¢ 42 mm + MeONa-Cu 0.2 env/s
+N,
CuCatE
0.2 em/s
Cu-Cr 0.2 em/s
0.2 em/s
0.2 cm/s ~8 em/'s 2
OP-10 - + 2
OP-10 + - -
Table 2 Comparison of low temperature methanol
synthesis between autoclave and BCSR
2.2.3 Autoclave BCSR
CO +H, Initial reaction volume V /L 0.25 4.5
2 Catalyst system CuCatE 30 g/ + CH;ONa
2 Reaction condition
t/C 110 90 ~ 110
p /MPa 3.57 4.80
90 SV /h~! 100 110
. . H,/CO . .
S sl ) 1.79 2.00
= = " CO conversion " x, /% 97.6 78.0
= 70 - LRI Efficiency of reactor /% 100 80
E 60 - . * average value during the first 9 h of run-time
54 L}
o 50
§D n 3
e
% 40 + - 1 L
30 Il 1 1 1 1 Il 1 1 1
12 3 4 5 6 7 8 9 10 CuCatE
Runtime t/h
2
Figure 2 Variation of syngas conversion with time © 40 mm 9h Cco

on stream

reaction conditions CuCatE cat 120 g CH;ONa
685 mL. 5.25 mol/L.  OP-10 400 mL. xylene 3 400 mL
90 °C 4.8 MPa SV 100 h ™'

2
2 9h CO
78%

H,/CO =2 flow rate 0.5 m’/h

78 %
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Exploration of low temperature methanol synthesis in
bubble column slurry reactors

ZHAO Yu-long' HUANG Zhe' WU Yu-tang *
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Abstract In order to develop a new process of low-temperatutre methanol synthesis reaction performance of
the low-temperature methanol synthesis catalyst CuCr/CH,ONa was examined in the bubble column slurry reactor
BCSR of 40 mm in diameter and 4 500 mm height. The slurry was composed of the required amounts of sodi-
um methoxide solution CuCr catalyst and emulsifier OP-10 as well as the balanced liquid xylene medium. The
results showed that the average conversion of CO was 78% in 90 C ~110 C 4.8 MPa and operation gas veloci-
ty 0.2 cm/s during first 9 h of operation test. Methanol was main product from BCSR. Compared with the results
of the test in the autoclave efficiency of BCSR is about 80% of the autoclave reactor’s. This is probably due to
the consumption of CH,ONa and the negative effect of emulsifier OP-10. Results demonstrated the feasibility of
the application of BCSR in low temperature methanol synthesis in slurry.
Key words methanol synthesis low-temperature bubble column slurry reactor methyl formate

Author introduction ZHAO Yu-long 1940- male Master Professor major in fuel chemistry and chemical reaction
engineering. E-mail ylzhao@ sxicc. ac. cn.



