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The presence of nitrogen compounds greatly improved the
selectivity of a sulfided NiW/A1203 catalyst for the direct desul-
furization of dibenzothiophene to biphenyl. Elemental sulfur

precipitated after the reaction.

Nitrogen compounds are said to be poisons to catalysts for hydrodesulfuriza-
tion. Several researchers have reported that the presence of nitrogen compounds

greatly decreased the catalytic activity and did not improve the selectivity of a

1.2 and single sulfide catalysts which did not

3)

sulfided molybdena-alumina catalyst
contain a promoting metal such as MoSz, Nis, WSZ’ and CoS. However, the presence
of acridine greatly enhanced the selectivity of a nickel-promoted molybdenum cata-

4)

We also found a sulfided

lyst for desulfurization by increasing catalytic activity, yet provided little or

no enhancement of activity of CoMo/A1203 catalyst.5'6)
NiW/A1203 catalyst "poisoned" by adding nitrogen compounds to have high selectivity
for desulfurization at low temperature during hydrodesulfurization.

The experiment was carried out in a continuous-flow microreactor at 260 to 360
C and 10.1 MPa total pressure. Two grams of the NiW/A1203 catalyst (6.5% NiO and
21% WO3 supported on alumina, Ketjenfine, 14-20 mesh) were first preheated in air
at 450 °C for 24 h. The catalyst was reduced in situ with hydrogen at 400 °c and
10.17 MPa for 4 h and then sulfided with 10% HZS/H2 at atmospheric pressure and 400

Oc for 3 h. A solution containing 5 wt% dibenzothiophene in xylene was then allowed

(@]

to flow into the reactor. A solution containing 5 wt% dibenzothiophene and 0.25 wt%
acridine was then introduced instead of the former solution after the reaction
reached steady state.

In the hydrodesulfurization of dibenzothiophene on the sulfided NiW/A1203
catalyst, the major product was biphenyl which was produced by fission of the C-S
bond in dibenzothiophene. Also produced in the reaction were cyclohexylbenzene,
small amounts of a number of hydrogenated and decomposed compounds as mentioned by
Gates et al.,7) and methyl- and dimethyldibenzothiophene. The alkyldibenzothio-
phenes were produced by alkylation after cleavage of the saturated ring of hydro-
genated compounds. These compounds were not formed in the reactions with the
sulfided Mo/Al,0,,') CoMo/Al,0,,%) and NiMo/a1,0,%)
xylene, but with the HY 9) and Co/HY1O)
sites, 1in the absence of the solvent. Therefore, the sulfided Niw/A1203 catalyst

2O3 catalysts in the presence of
zeolite catalysts, which had strong acid

appears to have stronger acid sites than the sulfided CoMo/A1203 and NiMo/A1203
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catalysts. 5.0 5
Addition of acridine to the solution, \\\\
N
however, markedly increased the concen- Q\
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tration of biphenyl at all temperatures, \ ’/,,—’——
while it decreased the concentrations of \O \ .////‘
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unconverted dibenzothiophene, cyclohexyl-
benzene, and small amounts of other pro-
ducts. This result shows that the '"poi-
soned" sulfided Niw/A1203 catalyst highly
increased the selectivity for desulfuri-
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zation while decreasing the concentration
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of decomposed and hydrogenated compounds.
No alkyldibenzothiophenes were formed at

any reaction temperature; therefore, the o |
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strong acid sites on the catalyst surface
were diminished after the addition of Temperature / °C

acridine. Moreover, the addition Fig. 1. Product distribution as a fun-
improved the material balance remarkably ction of temperature over the sulfided
even at high temperature due to a NiW/A1203 catalyst with (=——) and with-
decrease 1in the formation of compounds out (~—=-) acridine. ()Dibenzothiophene,
more volatile than the xylene used as a @biphenyl, A cyclohexylbenzene,methyl
solvent. and dimethyl dibenzothiophenes, hydro-

The conversion of dibenzothiophene genated dibenzothiophenes, bicyclohexyl
did not increase below 0.1 wt% addition and hydrocarbons which have higher
of acridine, but a 0.25 wt% addition led boiling point than bicyclohexyl.
to a great increase in the conversion of
dibenzothiophene. Therefore, addition of a large amount of acridine improves the
catalytic activity of the sulfided Niw/A1203 catalyst for hydrodesulfurization of
dibenzothiophene with the selective formation of biphenyl.

Sulfur precipitated from the solution after the reaction. This observation
indicated that not all amounts of sulfur removed in the reaction desorbed as
hydrogen sulfide from the catalyst surface but some desorbed as elemental sulfur.
Amines such as hydrogenated acridines appeared to help the desorption of sulfur by
forming an amine-sulfur complex.11) The addition of other nitrogen compounds such
as pyridine, piperidine, and quinoline exhibited similar observations.
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