CHAPTER I
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R-5-H, in which R is an aliphatic group or a saturated
cyclic ring), and thiophenes. 1In higher-boiling
fractions sulfur is present largely in the form of
thiophene derivatives such as benzo- and
dibenzothiophenes.

Nitrogen is present in most crude oils. Its



concentration is usually less than 0.2%, though it may be
as high as 1.6% in some crudes. The nitrogen content
increases with molecular weight of the crude oil
fraction. Structures of various nitrogen compounds have
not been as well characterized as those of sulfur
compounds. Those compounds identified appear to be
mostly heterocyclic and they are incorporated in five- or

six-membered rings, mos o {fhem are unsaturated. Some
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bonds first to open the heteroring and then to convert
the resulting aliphatic or aromatic amine intermediates
to hydrocarbons and ammonia (Satterfield et al., 1981).
Under HDN reaction conditions, hydrogenolysis of C-N
bonds is essentially irreversible, but saturation of
heterocyclic rings is potentially reversible depending on
the temperature and hydrogen partial pressure (Cocchetto
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Table 1.1 Representative Heterocyclic Nitrogen Compounds
(From Cocchetto and Satterfield, 1976)
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and Satterfield, 1976).

Catalysts used in hydrodenitrogenation reaction
consist of transition metal group VIII, Ni or Co, as
promoter metals and group VIB, Mo or W, as active
denitrogenation component. These metals are impregnated
on the support such as alumina, active carbon or silica.
They are usually a bifuntional catalysts having the
proper balance of both hiydr

Jgépation and hydrogenolysis

functions. The HDN Q;E\}\” be converted to proper
sulfided state befare uee d“.n &to achieve the
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catalyst is Ni-Mo al r/ \ Yoy
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adsorptlon of a sulfur compound, but desorption may be
enhanced by its conversion to H,S by reaction with H, .
If a reaction product is strongly adsorbed, the reaction
may be termed self-poisoned or self-inhibited.

Fouling is a process of catalyst deactivation
that may be either physical or chemical in nature. 1In
general, much larger quantities of material are

may be improveg .
adsorbs on active s Y



responsible for deactivation in fouling processes than in
poisoning. The most typical of fouling processes is that
of the carbonaceous deposit or "coke" that forms on most
catalysts used in the processing of petroleum fractions
or other organic chemical feedstocks. Activity can
usually be restored by removal of the coke by burning.
Sintering is an 1rreverslhle physical process

when the catalyst ls'f&; ated/ s 2 the normal range of
temperature.
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Solid-state reactions are the loss of activity
caused by changes in the chemical nature and/or
composition of the constituents of the catalyst (Forzatti
et al., 1984; Hughes, 1984; Satterfield, 1980)

In this research, effects of sulfur compounds on
hydrodenitrogenation of quinoline are studied over



commercial nickel-molybdenum/alumina catalyst. Sulfur
compounds used in this study are carbon disulfide (Cs,),
methyl disulfide (C,H.S,), methyl sulfide (C,H.S), ethyl
sulfide (C4H,,S) and thiophene (C4H,S) . Sulfur compounds
are chosen to compare the effects of type and structure
on hydrodenitrogenation of quinoline as follows:

1. The effect of structure is campared between

compared between methyl -uafi ulfur atom) and
methyl disulfide (
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carbon disulfidg
between methyl s
(4 carbon atoms) .

so compared
and ethyl sulfide

Quinolirne
this study becaus
compound present ir erials, and a
hydrodenitrogenation - work has been proposed
for this compound: | hetto and e¥field, 1981;
Satterfield a’;ﬁ att -5JL d Gultekin,
1981) . OQuinolige i 2 und representative
of the six-memb ed rlng nltrngen heterocyclic compounds

found in s middle
distillate ﬁm ’T organonitrogen

content mu:‘ll as those de?ived Er oil shal coal, and

N I I e

hydrodenitrogenation reaction networks of model compounds
on representative catalysts assumes some importance to
guide studies of the hydrodenitrogenation of
representative feedstocks since heterocyclic compounds
are the most difficult to convert to hydrocarbons and
ammonia in processing by hydrodenitrogenation. Quinoline
has received considerable study since it contains both a

model compound for

/pe of nitrogen




heterocyclic ring and a benzene ring, so its reaction
pattern is representative of the benzenoid derivatives of
pyridine (Cocchetto and Satterfield, 1981; Satterfield et
al., 1981).
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