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Figure 1  External diffusion test of catalyst particles
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Table 1 Experimental kinetics-data of catalytic hydrodesulfurization of pyrolysis-gasoline over Co-Mo/Al, O, catalyst

No T/K pr /MPa A, piwi/Pa poa/Pa pig./Pa p,ow/Pa poo./Pa p,a. /Pa
1 513.7 3.0 3.5 597.9 143.6 267.4 586.4 133.8 249.7
2 523.7 3.0 2.5 768.7 184.6 343.8 767.8 164.2 328.0
3 533.8 3.0 2.5 768.7 184.6 343.8 728.3 152.4 268. 1
4 543.8 3.0 1.8 960. 8 134.5 165.0 933.3 100.2 136.7
5 554.0 3.0 2.0 896.8 125.6 154.0 878.6 91.6 115.5
6 564.3 3.0 3.0 672.6 94.2 115.5 654.1 61.2 78.2
7 574.2 3.0 2.0 896.8 197.0 223.8 843.6 121.9 130.7
8 583.8 3.0 2.0 896.8 197.0 223.8 822.9 104.5 111.5
9 594.1 3.0 3.5 597.9 131.4 149.2 518.0 55.6 59.9
10 605.7 3.0 3.5 597.9 234.6 248. 1 557.9 84.9 77.5
11 614.9 3.0 2.5 768.7 301.7 319.0 608.2 94.3 92.8
12 625.9 3.0 1.8 960. 8 377.1 398.8 756.8 122.7 118.6
13 594.5 3.0 3.5 597.9 414.9 386.6 548.6 99.0 89.8
14 634.4 3.0 1.8 960. 8 666. 8 621.4 413.9 163.0 223.5
15 625.6 3.0 3.0 672.6 466.7 435.0 392.5 79.0 69.8
16 655.0 3.0 3.0 672.6 466.7 435.0 242.4 54.3 45.7
17 584.2 2.5 3.0 560.5 134.6 250.7 524.4 85.9 160. 4
18 584.3 2.8 3.0 627.8 150.8 280.7 593.3 90.5 167.9
19 584.0 3.1 3.0 695.0 166.9 310.8 623.7 96.6 164.7
20 583.8 3.5 3.0 784.7 188.5 350.9 651.7 101.0 179.7
21 584.8 3.9 3.0 874.4 210.0 391.0 719.9 110.8 212.7
22 523.6 3.0 3.0 672.6 161.5 300.8 658. 1 157.4 297.8
23 544.0 3.0 3.0 672.6 161.5 300. 8 670.2 143.7 260.5
24 566.7 3.0 3.0 672.6 161.5 300.8 646.9 137.5 263.5
25 594.5 3.0 3.0 672.6 161.5 300.8 558.6 86.6 158.8
26 624.7 3.0 3.0 672.6 161.5 300.8 351.5 51.6 80.6
27 644.7 3.0 3.0 672.6 161.5 300.8 249.6 37.1 56.6
28 594.5 3.0 1.8 960. 8 230.8 429.7 706.3 110.0 200.2
29 594.0 3.0 2.0 896.8 215.4 401.1 710.6 110.0 185.3
30 594.4 3.0 2.5 768.7 184.6 343.8 647.6 101.3 180. 1
31 594.1 3.0 3.0 672.6 161.5 300.8 524.1 86.6 170.3
32 594.0 3.0 3.5 597.9 143.6 267.4 418.8 65.4 118.7
notes catalyst mass loading 15.5 ¢
2
Table 2 Axial temperature distribution of the reactor
No - /K AT, /K

LO Z20 Z40 ZéO ZSO Z100 Z110 Z120 ZISO Z

140 Z150 Z165

512 512 512 513 513 513 513 514 513 513 515 515 3
524 524 523 523 523 523 523 524 524 524 524 524 1
574 573 573 573 573 573 574 574 575 576 576 576 3
16 653 653 654 655 654 653 654 654 656 657 658 658 5

notes Z—axial coordinate in catalyst bed AT

max

—maximal axial temperature difference sample—the same label as in Table 1
dp;/dm = - P./n;- R =-P;/n;

k,.exp - E/R.T pipye 2
J 2
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Table 3 Statistical test of kinetic model 350
Model L M-L-1  p? F 10 x Fy o5 10 X Fy g 300 - . .
4 4 25 0.9880 516.6 27.6 64.9 250 - v
5 4 25 0.9860 440.6  27.6 64.9 £ 200 - >
6 4 25 0.9763 256.9  27.6 64.9 5 & .
150 - .
L—number of parameters M-—number of experiments Loo L . %
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Macrokinetics for catalytic hydrogenation of thiophenic sulfides in pyrolysis
gasoline over Co-Mo/Al, O, catalyst

LI Jian-wei' LI Ying-xia' CHEN Biao-hua' LI Cheng-yue' ZHANG Xiao-gong’
1. The Key Laboratory of Science and Technology of Controllable Chemical Reactions Ministry of Education Beijing
University of Chemical Technology Beijing 100029 China
2. Catalyst Division of Lanzhou Petrochemical Institute Petrochemical Company Limited Lanzhou 730060 China

Abstract The macro-kinetic investiqations for catalytic hydrodelsulfurization of pyrolysis gasoline over an
industrial Co-Mo/ Al, O, catalyst were carried out in an adiabatic tubular fixed-bed reactor under the conditions
2.5MPa~3.9 MPa 513 K ~655K H,/pyrolysis-gasoline molar ratio 1.8 ~3.5 and the mass concentration of
thiophene methylthiophene and dimethylthiophene in the feed pyrolysis-gasoline 838 x 10°° 137 x 10™° ~
723 x107° and 192 x10° ~723 x 10 ° respectively. By means of Powell optimal method and Merson integral
method the power-law type macro-kinetic models for the catalytic hydrodelsulfurization of pyrolysis gasoline
were developed. The reaction orders of thiophene methylthiophene and dimethylthiophene are 0. 721 0. 735
and 0.870 respectively and the activation energies are 70. 0 k} mol ' 67.9 kJ} mol ' and 59.9 kJ} mol '
respectively. The conversion of thiophenic sulfides increases with the reaction pressure but this increase is
obviously slowed down at the reaction pressure above 3.5 MPa. The increase of reaction temperature is beneficial
to the conversion enhancement of thiophenic sulfides especially above 563 K. When the reaction temperature
increases above 593 K the correlation between the conversion of thiophenic sulfides and temperature is almost
linear. Therefore for the Co-Mo/Al,O, catalyst used the favorable operating pressure is about 3.5 MPa and
the reaction temperature should be higher than 593 K.
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