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Abstract: [Introduction] Carbon dioxide capture, utilization and storage is an important measure to achieve the goal of net zero
greenhouse gas emission. The synthesis of methanol by carbon dioxide hydrogenation is one of the effective ways to use carbon, which
can not only convert CO, into methanol, an valuable fuel and chemical product, but also combine with producing hydrogen by
electrolytic water, making methanol become the storage carrier of hydrogen. [Method] The methanol producing process by carbon
dioxide hydrogenation was modelled by simulation software Aspen Plus. For the methanol production scale of 300,000 t/a, the hydrogen
producing by water electrolysis was considered as the hydrogen source, and the influence of temperature, pressure and CO,/H, feed ratio
on methanol yield was analyzed in detail. [Result] The simulation results show the methanol yield is the highest when the synthesis
temperature is around 250 °C and the CO,/H, feed ratio is 7.33. Considering the direct combination with water electrolysis process, the
synthesis pressure at around 5 MPa is reasonable. The water content of hydrogen has a certain effect on the methanol yield. The methanol

yield only reduces 0.1 percent with the water content increase 100 kg/h in the raw H,. [Conclusion] The simulation determined the
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selection basis of key process parameters of methanol synthesis system by carbon dioxide hydrogenation. In addition, the feasibility of

directly combining H, obtained from water electrolysis with methanol synthesis process without drying and compression treatment is

proved. In conclusion, hydrogen production from renewable sources combined with methanol synthesis by carbon dioxide hydrogenation

is a technology with application prospect.
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Fig. 1 Flow chart of the methanol synthesis
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Tab. 1 Parameter choice of kinetic factors
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Tab. 3 Key stream simulation results of methanol synthesis process
ZH 1 2 3 4 5 6 7 8 9 10 11
TELRE/C 25.00 25.00 250.00 30.00 30.00 30.00 30.00 42.32 30.00 30.00 30.00
J&J1/MPa 5.00 5.00 5.00 5.00 4.50 4.50 4.50 5.00 1.00 1.00 4.50
JBE/RiiE/(kmol'h™) 372046 1249.15 2713570 24748.65 2233272 241593 2216523 22166.09 1.80 2414.13 167.50
H, 3720.46 0.00 21467.83 1788276 17 882.19 0.58 17 748.07 1774737  0.53 0.05 134.12
CO 0.00 0.00 599.17 603.66 603.63 0.04 599.10 599.17 0.03 0.01 4.53
CO, 0.00 1249.15 498952 3791.50 3767.15 24.35 373890  3740.36 1.22 23.13 28.25
H,O 0.00 0.00 1231 121033 12.40 1197.93 12.31 1231 0.00 119792 0.09
CH,OH 0.00 0.00 66.87 1260.39 67.35 1193.04 66.85 66.87 0.02  1193.02 0.51
JEE IR 43 HUH, 1.0000  0.000 0 0.791 1 0.722 8 0.800 7 0.000 2 0.800 7 0.8007 02934 0.0000 0.8007
JEE IR 5341 CO 0.0000  0.000 0 0.022 1 0.024 4 0.027 0 0.000 0 0.027 0 0.0270 0.0170 0.0000 0.0270
JEEIR 4341 CO, 0.0000 1.0000 0.183 9 0.1532 0.168 7 0.0101 0.168 7 0.1687 0.6749 0.0096 0.168 7
JEE IR 43 $H,0 0.0000 0.0000 0.000 5 0.048 9 0.000 6 0.4959 0.000 6 0.0006 0.0023 0.4962 0.000 6
JEE /R 4345 CH,OH 0.0000  0.0000 0.002 5 0.050 9 0.003 0 0.493 8 0.003 0 0.0030 0.0124 0.4942 0.0030
Pt iite/(kg'h ™) 7500.00 54 975.00 282 011.80 282011.80 221 129.40 60 882.34 219470.90 219 536.75 56.27 60 826.08 1 658.47
H, 7 500.00 0.00 43276.57 36049.51 3604834 1.16 3577798 35776.57 1.07 0.10 270.36
CO 0.00 0.00 16 783.07 16908.86 16 907.86 1.01 16 781.05 16783.07 0.86 0.15 126.81
CO, 0.00 54975.00 219 587.60 166 863.20 165791.70 1071.53 164 548.30 164 612.64 53.55 101798 1243.44
H,O 0.00 0.00 221.85 21 804.43 22345 2158098  221.77 221.85 0.08 2158091 1.68
CH,OH 0.00 0.00 2142.62 40385.73 2158.07 38227.66 2141.89 2142.62 0.72 3822694 16.19
Jo 53 A H, 1.0000  0.000 0 0.153 5 0.127 8 0.163 0 0.000 0 0.163 0 0.1630 0.0190 0.0000 0.1630
Jit 53 4CO 0.0000  0.000 0 0.059 5 0.060 0 0.076 5 0.000 0 0.076 5 0.0764 0.0153 0.0000 0.076 5
Jiit5341CO, 0.0000 1.0000 0.778 6 0.5917 0.749 8 0.017 6 0.749 8 0.7498 09517 0.0167 0.7498
Fit /3 8H,0 0.0000 0.0000 0.000 8 0.0773 0.001 0 0.3545 0.001 0 0.0010 0.0013 0.3548 0.0010
J 5 $(CH,OH 0.0000  0.0000 0.007 6 0.143 2 0.009 8 0.627 9 0.009 8 0.0098 0.0127 0.6285 0.009 8
22 RBIEBRFMHITERIIFM it B2 728 A Y R A RS R 8] 2 firas o AT DL i,

Ji 2 62.73%,
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Fig. 2 Effect of temperature on methanol yield
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Fig. 3 Effect of pressure on methanol yield
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Tab. 4 Methanol yield under different H,/CO, feed ratios

Hy/(kg-h™) CO/(kg'h™) kL =it/ (kgh )
7500 45 000 6.0 32525.78
7 500 47250 6.3 34130.90
7500 49 500 6.6 35 686.52
7 500 51750 6.9 37078.29
7 500 54000 7.2 38025.43
7500 54975 7.33 38 226.94
7 500 56250 7.5 38399.76
7 500 58 500 7.8 38453.77
7500 60 750 8.1 38 364.57
7 500 63 000 8.4 38236.43
7500 65250 8.7 38 094.35
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Tab. 5 Methanol purity and yield under different water contents

Hz/i1 coz{1 HZO{] R Eﬁ@?iﬁ/
(kgh’)  (kgh)  (kgh) (kg'h)
7 500 54975 600 0.622 402 38212.37
7 500 54975 500 0.623 413 38213.63
7 500 54975 400 0.624 419 38216.62
7 500 54975 300 0.625 419 38218.61
7 500 54975 200 0.626 404 3821791
7 500 54975 100 0.627 411 38221.97
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