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Macrokinetics of olefin hydrogenation in pyrolysis gasoline
over Co-Mo/Al O, catalyst
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Abstract The macrokinetic experiments of olefin hydrogenation in pyrolysis gasoline over an industrial Co-Mo/
Al, O, catalyst were carried out in an integral tubular fixed-bed reactor under the following conditions 2.0 MPa
~4.0 MPa 524 K ~644 K H,/pyrolysis-gasoline molar ratio 1.5 ~3.5 and the partial pressure at reactor inlet
for cyclopentene 3-ethyl-1-pentene styrene and 1-hexene 0. 87 kPa ~5.60 kPa 1.09 kPa ~7.01 kPa 1.14 kPa
~7.35 kPa and 0. 25 kPa ~ 0. 97 kPa respectively. By means of Powell optimal method and Merson integral
method the power-law type macrokinetic models of catalytic hydrogenation of olefin in pyrolysis gasoline were
developed and a good agreement with experimental data and those calculated by the kinetic models estimated
was obtained. The reaction orders of cyclopentene 1-hexene styrene and 3-ethyl-1-pentene were 1. 725
0.685 0.7 and 0. 655 respectively. And the activation energies of hydrogenation reaction of theirs were
63455 F mol™" 61781 F mol™' 52105F mol ' and 54 181 F mol ' respectively. The Co-Mo/Al,O, catalyst
here shows a good catalytic activity for 1-hexene hydrogenation a better activity for the hydrogenation of cyclo-
pentene 3-ethyl-1-pentene and styrene but a poor activity for 1-heptene hydrogenation. The favorable operating
pressure is about 3.5 MPa for this catalyst.
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Figure 1  Effect of reaction temperature on the olefin mass
percent in pyrolysis gasoline at reactor outlet
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Figure 2 Effect of reaction temperature on the
olefin conversion
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Figure 3 Effect of pressure on the olefin mass percent Figure 4 Effect of pressure on the olefin conversion
in pyrolysis gasoline at reactor outlet legends see Figure 1
legends see Figure 1 1.4
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Table 1  Experimental kinetics-data of catalytic hydrogenation of olefin in pyrolysis-gasoline over Co-Mo/Al, O, catalyst
No T/K p/MPa A, Pio./Pa piy./Pa p./Pa p/Pa p .. /Pa p,. /Pap, ../ Pa p,,/Pa
1 573.1 2.0 3.0 870.3 250.7 1090.2 1144.0 492.4 166. 6 281.5 363.0
2 574.1 3.5 3.0 1523.0 263.7 1907.8 2002.0 426.0 270.8 495.4 230.1
3 573.1 4.0 3.0 1740.5 301.4 2180.3 2288.0 468.6 296.9 274.4 125.2
4 573.8 3.0 1.5 2088.6 361.7 2616.4 2745.6 570.4 369.0 690.9 444 4
5 573.4 2.8 3.0 1218.4 211.0 1526.2 1601.6 413.1 193.5 323.0 575.5
6 523.7 3.0 2.5 4475.6  775.1 5606.6 5883.4 1985.9 705.0 1271.2  2868.4
7 542.9 3.0 1.8 5594.6  968.9 7008.3 7354.3 1424.4 544.2 1599.6 2505.3
8 593.3 3.0 3.5 3481.1 602.9 4360.7 4576.0 392.5 581.5 919.4  1192.5
9 605.1 3.0 3.5 3481.1 602.9 4360.7 4576.0 392.5 493.7 1048.7 395.4
10 644.6 3.0 3.0 3916.2  678.2 4905.8 5148.0 215.9 230.2  1387.0 317.7
11 584.2 3.1 3.0 4046.7 700.8 5069.3 5319.6 1331.5 529.3 1178.1 786.8
12 543.7 3.0 3.0 3916.2 678.2 4905.8 5148.0 965.2 606.8 1064.7 2048.7
13 561.9 3.0 3.0 3916.2  678.2  4905.8 5148.0 678.9 479.8 1064.1 2088.4
14 598.5 3.0 1.8 5594.6  968.9  7008.3 7354.3  629.5 796.2  1668.5 1168.5
15 597.8 3.0 2.5 4475.6  775.1 5606.6 5883.4  521.5 518.7 1355.3  766.9
16 597.2 3.0 3.5 3481.1 602.9 4360.7 4576.0 594.7 372.0 1011.8  782.5
notes catalyst mass loading 15.5 ¢
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Table 2 Axial temperature distribution of the reactor
No e R AT K
Z, Zy Zy Zg Zyy Zygo Zyyp Ziy Z3 Zyy Zyso Zigs
2 573 573 573 573 573 573 574 574 575 576 576 576 3
6 523 523 523 523 524 524 524 524 524 524 524 524 1
9 604 604 604 604 604 605 605 605 606 606 607 607 3
10 644 643 643 643 643 643 645 646 646 646 646 647 4

notes Z—axial coordinate in catalyst bed A T

max

M 4
2
FUbj:IZ:l 21 Poj =P
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R, =2.786 x107exp —63455/R,T p.=p}*
1-
R, =8.405 x 10 exp —61781/R,T p)*py’
R, =1.802 x 10" "exp -52105/R,T pi py*
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—maximal axial temperature difference No—the same label as in Table 1

3
Table 3 Statistical test of kinetic model estimated
Model L M-L-1 0’ F 10 xFy 5 10 xFy
4 4 11 0.9689 267.5 33.6 56.7
5 4 9 0.9408 198.7 36.3 64.2
6 4 15 0.9647 243.7 30.6 48.9
7 4 12 0.9502 201.6 32.6 54.1

L—number of parameters

M—number of experiments

p’ —complex correlative index F—fisher’s valve
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