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Performance and Macro Kinetics of C307-M
Methanol Synthesis Catalyst
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(Sinopec Nanjing Chemical Industry Research Institute Co., Ltd., Nanjing 210048, China)

Abstract: The development of methanol synthesis catalyst and corresponding reactor for large methanol
production plants is of great significance to the progress of modern coal chemical industry. The C307-M
methanol synthesis catalyst is compared with domestic and foreign industrial catalysts based on catalytic
performance and structure-activity relationship. The apparent kinetic is studied in a gradientless reactor
with the temperature range from 200 to 280 °C, the pressure from 4 to 8 MPa and gas hourly space
velocity from 8000 to 20000 h™'. The composition of feed gas varied in the range from 0.04 to 0.25 of
CO, from 0.03 to 0.12 of CO,, from 0.66 to 0.75 of H, and from 0.05 to 0.13 of N,. The C307-M
catalyst showed a higher activity and selectivity than other three industrial catalysts in the synthesis of
methanol from syngas, C307-M catalyst has lower reduction temperature, more active sites and higher
Cu2p electron binding energy, which are beneficial to adsorption and activation of CO molecules. The
parameters of the apparent kinetic model are estimated by genetic algorithm combined with Levenberg-
marquardt method, which is based on the Langmuir-hinshelwood kinetic model of methanol synthesis by
competitive hydrogenation of CO and CO,. The mathematical statistics test showed that the apparent
kinetic model is reliable.
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Figure 1 Apparent kinetics experimental device flow
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Table 1 Catalytic performance of different catalysts in methanol synthesis reaction

A A 25 IOR/ (grmL " h ') FLEE A UL/ %
W (T2 ERGRES FH B it LI FH % Y 4
C307-M 1.39 1.22 97.7800 0.1225 0.4271
MS1 1.35 1.09 97.4300 0.1301 0.4573
MS2 1.30 1.08 97.0600 0.1250 0.4314
MS3 131 1.05 96.2500 0.1221 0.4366
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Table 2 Apparent kinetics experimental data
JF% T/C pMPa Ny*(mol-h™) Vi’ H/C ratio® Yisou” MeOHAC/%
H, CO CO, H, CcO CO, CH;0H

1 2002 8.06 0.515 0.6593 0.2556 0.0294 2.21 0.6217 0.2345 0.0289 0.0503 16.03
2 2206 7.04 0.289 0.6593 0.2556 0.0294 2.21 0.6217 0.2363 0.0278 0.0487 15.57
32407 5.99 0.597 0.6593 0.2556 0.0294 2.21 0.6207 0.2344 0.0287 0.0512 16.29
4 2606 5.04 0.415 0.6593 0.2556 0.0294 2.21 0.6190 0.2342 0.0281 0.0528 16.76
5 280.7 4.02 0.745 0.6593 0.2556 0.0294 2.21 0.6252 0.2318 0.0319 0.0496 15.83
6 2405 7.04 0.388 0.6898 0.2161 0.0525 2.37 0.6192 0.1602 0.0591 0.1065 32.69
7 2604 6.06 0.686 0.6898 0.2161 0.0525 2.37 0.6399 0.1782 0.0561 0.0739 23.98
8 280.2 5.04 0.507 0.6898 0.2161 0.0525 2.37 0.6428 0.1744 0.0596 0.0747 24.20
9 200.0 4.03 0312 0.6898 0.2161 0.0525 2.37 0.6506 0.1892 0.0536 0.0557 18.66
10 200.2 7.04 0.687 0.6603 0.1649 0.0713 2.49 0.6069 0.1146 0.0811 0.0768 28.18
11 260.8 4.01 0.608 0.6603 0.1649 0.0713 2.49 0.6214 0.1370 0.0731 0.0495 19.07
122002 7.05 0.640 0.7021 0.1152 0.0906 2.97 0.6488 0.0722 0.0921 0.0706 30.06
13 220.7 6.06 0.408 0.7021 0.1152 0.0906 2.97 0.6567 0.0717 0.0957 0.0651 28.00
14 2404 5.03 0.721 0.7021 0.1152 0.0906 2.97 0.6682 0.0738 0.0995 0.0551 24.12
15 260.8 4.01 0.502 0.7021 0.1152 0.0906 2.97 0.6597 0.0717 0.0970 0.0629 27.16
16 240.6 8.01 0.721 0.7497 0.0458 0.1196 3.81 0.6544 0.0286 0.0833 0.0799 41.66
17 260.3 6.93 0.518 0.7497 0.0458 0.1196 3.81 0.7088 0.0255 0.1107 0.0434 24.16
18 280.5 6.06 0.311 0.7497 0.0458 0.1196 3.81 0.7033 0.0407 0.1002 0.0366 20.62
19 201.1 5.03 0.605 0.7497 0.0458 0.1196 3.81 0.7312 0.0340 0.1170 0.0215 12.46
20 220.5 4.01 0.425 0.7497 0.0458 0.1196 3.81 0.7255 0.0337 0.1144 0.0258 14.84
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Table 3 Parameter simulation result
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Table 4 Kinetic reaction rate constant and adsorption
constant expression

12T S ik
ki 292.282xexp(—9.677x10%RT)
k; 0.061xexp(—7.028x10%*/RT)
Kco exp[ 1.182+9.991x10*(1/T-1/T") ]
Kco, exp[—19.580-2.133x10*(1/T=1/T") ]
Ky, exp[3.172+6.090x10°(1/T-1/T") ]
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Table 5 Statistic results of the kinetic models

Entry M My p* F Foos
1 20 8 0.9639  40.08 255
2 20 8 0.9879 12335 255
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Figure 5 Comparison of calculated and experimental values of CO(a) molar fraction at the reactor outlet and of CO,(b)
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