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Abstract Both the influence of quinoline on hydrodesulfurization HDS of dibenzothiophene DBT and the ef-
fect of DBT on hydrodenitrogenation HDN of quinoline were studied over a presulfided NiMoS 7-Al,O; cata-
lyst in a fixed-bed high pressure microreactor. The results suggested that quinoline could strongly inhibit the
HDS reaction of DBT where the inhibitory effect on the hydrogenation route HYD was stronger than that on
the direct desulfurization route DDS  which resulted from the competitive adsorption of quinoline and interme-
diate products of HDN reaction on active sites. The different inhibitory extent of quinoline on the DDS route at
300 and 340 C was closely related to the relative amount of HDN intermediate products. DBT had a positive in-
fluence on hydrodenitrogenation ability which was due to H,S released in the HDS reaction. H,S promoted the
conversion of coordinatively unsaturated sites to Brensted acid sites on the catalyst surface which in turn facili-
tated C sp” =N bond cleavage of the HDN intermediate molecules. Although the formation of active sites for
HDN must be in the presence of S the maintenance of active sites does not need too much S.

Key words nickel molybdenum sulfur alumina dibenzothiophene hydrodesulfurization quinoline hydro-
denitrogenation mutual influence
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Scheme 1  Hydrodesulfurization HDS  reaction of dibenzo-
thiophene over NiMoS 7v-Al,O5 catalyst
DBT — Dibenzothiophene 4H-DBT — Tetrahydrodibenzothioph- Q HDN
ene 6H-DBT — Hexahydrodibenzothiophene BP — Biphenyl CHB
— Cyclohexylbenzene BCH — Bicyclohexane DDS — Direct desul- 1 2 34 THQ1 5 6 78-
furization route HYD — Hydrogenation route THQ5
1 4000  DHQ DHQ
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Table 1 Effect of the quinoline content on HDS of DBT
A pmol kg s S %
0 C c pg g X %
Total DDS HYD BP CHB
300 0 92.0 331 1.00 258 1.00 70.0 1.00 77.8 21.0
500 86.5 311 0.94 306 1.19 3.5 0.05 98.3 1.1
1000 75.5 272 0.82 270 1.05 1.2 0.02 99.1 0.4
1500 60.9 219 0.66 214 0.83 0.7 0.01 97.6 0.3
2000 51.1 184 0.56 177 0.69 0.5 0.01 96.5 0.2
340 0 99.9 360 1.00 266 1.00 88 1.00 73.8 24.5
500 99.7 359 1.00 346 1.30 12 0.14 96.3 3.4
1000 87.9 317 0.88 310 1.16 5 0.05 97.9 1.5
1500 76.6 276 0.77 271 1.02 3 0.03 98.1 1.0
2000 70.8 255 0.71 252 0.95 2 0.03 99.1 0.9
Reaction condition the initial concentration of S is 4000 pg g.
¢ — The content of quinoline in the feed calculated in the weight of nitrogen element X — Conversion A — Activity S — Selectivity.
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Table 2 Product selectivity after HDN reaction of quinoline
) S %
0 C c pgg X % HDN ratio %
PCH PCHE PB DHQ THQS OPA THQI1
300 500 4.14 9.06 0.33 13.20 8.76 12.06 52.45 92.43 12.41
1000 1.04 3.51 0.20 9.17 8.04 7.58 70.47 91.93 4.34
1500 0.37 1.49 0.11 5.33 6.81 5.14 80.76 89.70 1.77
2000 0.17 0.78 0.07 4.82 5.26 3.26 85.64 89.37 0.91
340 500 49.22 14.26 7.35 0.66 7.91 17.07 3.53 98.16 69.44
1000 7.14 9.98 1.22 3.24 39.91 15.35 23.16 85.84 15.73
1500 2.43 5.28 0.64 4.10 41.07 11.36 35.11 77.88 6.51
2000 2.09 5.18 0.59 5.45 36.58 3.88 46.22 78.20 6.14
HDN ratio — Yield of denitrogenation products including PCH PCHE and PB.
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Fig 2 Effect of the CS, content on HDN of quinoline
a Conversion of quinoline and HDN ratio
b Selectivity of product
Reaction condition the initial concentration of N is 500 pg g.
¢>» — The content of CS, in the feed calculated in the

weight of sulfur element.
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