CHAPTER II

LITERATURE REVIEWS
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Postulated hydrodenitrogenation mechanisms of
representative heterocyclic nitrogen compounds are shown
in Figure 2.1. Side reactions also occur (Cocchetto and
Satterfield, 1976; Satterfield and Cocchetto, 1981).

2.2 Hydrodenitrogenation of Quinoline
Hydrodenitrogenation of quinoline investigated by



O 20 ) ey o, 2 ey e,

‘ ;‘E-,?'t,ﬁ
L7575 7%
- e - Y f 0

ﬂ‘lJEI’WIU‘VIiWEI’]ﬂ‘i
’Q’N’]Nﬂ‘iﬁmﬁﬂﬂ 1N

Flgure 2.1 Postulated hydrodenitrogenation Mechanisms
of Representative Heterocyclic Nitrogen

Compounds (From Cocchetto and Satterfield,
1976)

several authors can be summarized as follows:
Satterfield et al. (1978) reported on the
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intermediate reactions in quinoline hydrodenitrogenation,
as determined in a vapor-phase microreactor packed with
presulfided NiMo/Al,0; catalyst at 500 psig (3.55 MPa) and
1,000 psig (7.0 MPa), temperatures of 230 to 420°C, and
quinoline partial pressures of about 13 to 110 kPa.

Under all conditions studied, quinoline is rapidly
hydrogenated to an essentially equilibrium concentration

reaction pathway var.fxﬂrgu:h- ith temperature. At the
lower temperatures the =fatd®h of quinoline is much
less than that of 72 4-tetraliydreguinoline and the

equilibrium co ¢ f{f{,-~- 3,4-tetrahydroquinoline
is much diminis dt ivefo. quirnc e, and the

5,6,7,8-tetrahydroghi
decahydroquinoli
Under the more extxy SN 0T

quently to
8 become significant.
significant fraction
9 ¥arious high molecular
weight substaqg§§f=g k some en-containing

h; : Jt further. Shih
et al. (1977) invest - g} of quinoline
hydrodenitrOQEngllon in a batch liquid-phase (slurry)

reactor Edﬁ ﬁﬁ alyst and a
paraffinmﬁ T’i ﬁﬁ observed rapid

equilibrati&h between hyqrcdenltr Enatlnn

TR AR e
reactian rogenolysis reactlnna were

reported to be kinetically controlled. These reaction
rates were each modelled by first-order kinetics, and the
corresponding rate constants were determined by a
computer fitting technique. It was concluded from the
kinetic analysis that nitrogen removal occurred primarily
through the 5,6,7,8-tetrahydroquinoline and
decahydroquinoline intermediates.
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Cocchetto and Satterfield (1981) investigated
chemical equilibria among quinoline and its reaction
products in hydrodenitrogenation and proposed the steps
believed to be significant in its overall
hydrodenitrogenation reaction network were presented in
Figure 2.2,

Satterfield and Cocchetto (1981) reported a study
of the reaction network .an inetics of the vapor-phase
catalytic hydrodenit ogenat: inoline. Studies

- dRUOn &d-bed catalytic
reactor system at 2oMBa | ?ff—_—r- and 7.0 MPa
(1,015.5 psig), 3 'v*‘* \ane *r a range of contact
times, on a presu \:!31203

e predominant

hydrotreating ca
hydrocarbon produft Mrds) :  : e. All reactions
among quinoline a -‘ *" \ eterocyclic
derivatives were| ‘ 'rh:\le Quinoline
1,2,3,4-tetrahydrogq pline. ré in the presence of a
NiMo/Al,0, catalyst bu fj lger contact times the

reaches an equilibffi

ratio 1,2,3,4- 1o o ofine can decrease
below the equil P & fuch greater

adsorptivity uf.ﬁt ~ '-1qﬂﬁine which reduces
access of quinol¥ne to the catalyst.

ooy b ) B o

reactor and ompared wlth‘vapor ph se reactl over a
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1ntermediate reaction products. They found that the
reaction rate constants for the various
hydrodenitrogenation reactions in the presence of an
inert paraffin liquid are very similar to those for the
same reactions in the vapor phase, although the liquid
tends to equalize the adsorptivities of the various
nitrogen compounds present. Over a wide range, for a
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Figure 2.2 Qulnoline Hydrodenitrogenation Reaction Network (Frnm Cocchetto

and Satterfield, 1981)
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specified pressure and temperature, the percent
conversion as a function of contact time is remarkably
similar for liquid- and vapor-phase processing. In both
cases, the overall hydrodenitrogenation reaction is
essentially zero order under the conditions studied.
Equilibrium between quinoline and
1,2,3,4-tetrahydraquinoline}is rapidly attained in both

vapor-phase and 1iquid5:¢§gi' essing. A tentative
revised reaction netwo: "\5” % ine

_ ‘\}
hydrodenitrogenat ies

Has dfn s and new

information is sho;- 1- re *hey also reported
that the heavier pue# \(-1hr'fg the greatest
amount at the highg ”;/r-e f\igﬁ' :1nwest flow rates.
Table 2.1 shows#8idé e-n \&h Quinoline
hydrodenitrogenapfloj A\\

Glola and fe ﬁ§ ﬂ' =1L - he effect of

J‘ddiu "
hydrogen pressur ¥

quinoline. The exPe ﬁeﬂﬁ#’f
batch reactor at cofls

, .»we itrogenation of
ucted in a stirred
e (T = 350°C) and in
alyst (NiMo/Al,0,
catalyst) . =y ressu; 2ty constant during
each run, waa_iﬂv<;a:::f~- i | {§=r (152.3 psig)
to 151.6 bar (2,#99, imental results
showed that a ne "éssary condition forqghe elimination of

the nitrogen mﬁithe rings
cnnta:.m.ng m ﬁ The effect
of hydrogeuﬂﬁreasure on rgaction network forgguinoline

hydr“ﬂ“mﬂﬁ‘ﬂ‘ifﬂaﬂ"ﬁﬂ‘ﬂ i 12

2.3 Eydrodanitroganatinn Catalyst

The hydrotreating of petroleum fractions for the
removal of sulfur and nitrogen is considerable importance
in petroleum refining since many problems experienced in
catalytic processes can be traced directly to poisoning
of the catalysts by sulfur and nitrogen compounds.
Catalysts developed for desulfurization are currently

the presence of a pre w3
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Figure 2.3 Rev:.sad Reaction for Quinoline Hydrodenitrogenation (From Satterfield
and Yang, 1984)
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Table 2.1 Side Products from Quinoline
Hydrodenitrogenation Reaction Identified by

GC/MS (Numbers in Parentheses are Molecular
Weights) (From Satterfield and Yang, 1984)
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nitrogen compound. Generally, the dual functional .

catalysts are used, the most active being sulfided cobalt

or nickel molybdate, or nickel tungsten sulfide supported

-~ silica alumina. However, the high temperatures and
isures required for the denitrogenation of heavy
‘'oleum fractions, shale oil, and coal tar have

pted research to find more active catalysts.

#
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McCandless and Berg (1970) investigated the
hydrodenitrogenation of a heavy California gas oil using
a supported NiCl, catalyst while methylene chloride was
used to maintain a high HCl partial pressure in the
reactor and keep the metal in the chloride form. The
study was carried out in a continuous flow system and the
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process parameters were established for maximum
denitrogenation. Under identical operating conditions
the system was more active for nitrogen removal than
commercially available nickel tungsten sulfide and cobalt
molybdate hydrotreating catalysts but, contrary to

experience with the conventional catalyst, the sulfur
removal was at a relative;

level. Using this catalyst
at the cool reactor

catalyst system aggd

Zeolites
because of their gé
nature and their
(1984) investiga
zeolite-based catdly
exchanged with nick

Bgen compounds,

: ‘hﬁu*- ation in catalysis
\\ shape-selective

sman and Sanghvi
ation on

2ad catalysts ion

7 ed with molybdenum
were prepared. THe Kinefi:s o tofial nitrogen removal
were studied at 618ftdli661 ¥ (348 to 390°C) and 17 Mpa

(2,466 psig). They féﬁﬁ“ép}éﬁ JzZero-order model with no
intercept and & 3 Jap induction
period predict|¥i Cen ﬁ§ with sufficient

accuracy. EQ

Aboul-Gh lt (1987) studled effect of support
acidity on ﬁ;ﬁ enitrogenation
of minoliﬁm ﬁmﬂﬂmists containing
identical allic constituents byt differingsin their
BRI SR 0F) HAR4: o
COD-lU%q 203 was supported on gamma-alumina while
catalyst II (3% Co0-10% M003f5102-11203} had a
silica-alumina support. A stir batch autoclave was used
at an optimum stirring velocity of 1,500 r.p.m.. The
operating conditions employed were: temperature from 350
to 400°C, total hydrogen pressure of 2 x 107 Nm 2 (2,900

psig), reaction period up to 10 hours, and a feedstock to
catalyst ratio of 10:1. 1In each run, 20 g of fresh
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catalyst was used. The experiments indicated that
silica-alumina support gives more rate constant for the
overall hydrodenitrogenation than gamma-alumina support
and temperature has effected on rate constant for the
overall hydrodenitrogenation of quinoline
hydrodenitrogenation than indole hydrodenitrogenation.
This indicates that higher catalyst acidity enhances
quinoline hydrudenltroyf{i ore significantly than
indole hydrodenitrogshation : ermore, all rate
constants for intewmedia ‘ her quinoline or
indole, except for ¢ o

‘ indole hydrogenated
to indoline, are gieflifscanri; :T‘f*nnqver silica-alumina
support than over ina. » total acidity of
the silica-alum SUP PP 1 ': as large as that
present in the gd if § ﬁtf- -ia-re, 29% of the
acidity of the silfig E g-a Bronsted type,
while gamma alumfing ¥.545% of this type; in
addition, the Lewis & ‘:__“f ) ‘ -alumina is stronger
than that present ifl giomina. 1e kool used for those
acidity correlations ;_ - ial scanning
calorimetry. Si “hydrotreat e alysts are
characterized b i

by e I
hydrogenation

@metallic
components (oxidés or Sulfidesj of the€ catalyst, and a

cracking f tloﬁ‘ port, and
since the Eﬁhﬁludﬂg both

hydrogenati and crack1gg steps, it shculd possible

:;p::amqmmﬂﬂmﬂn

Lo accelerate the overall reaction of a given nitrogen
compound. So, two catalysts having the same
hydrogenation function but differing in their cracking
functions are studied in hydrodenitrogenation of these
nitrogen compounds, the catalyst possessing stronger
acidity is more active in enhancing the
hydrodenitrogenation of quinoline than the
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hydrodenitrogenation of indole, because the rate
determining step in quinoline hydrodenitrogenation is a
(hydro) cracking step. Aboul-Gheit (1985) also found
that catalysts possessing stronger hydrogenation
activities have been much more effective in enhancing
indole hydrodenitrogenation than quinoline
hydrodenitrogenation because the rate determining
step in indole hydrodenik¥ddefation is the hydrogenation
step. ' '\’

Hirschon eg 8% (1987 ~#fiempted to establish
whether a sulfided Cgommercial vala' *ating catalyst

(CoMo) , when dc:-pe i \\ ill exhibit enhanced

N i€ presence of added
addit®on of Ru,(CO),,, a
1ge C:N bonds in amine
arcial CoMo
enhanced the
activity of the c Jardigave -fold increase in
selectivity to aromé - pofl products.

Shaw (1988) s igded Hgfeodenitrogenation of

activity and sele
sulfur. Result
Precursor to cat
transalkylation rghaqf ib
hydrodenitrogens

aromatic nitroge m hydrogen

-
consumption uss w3 found that
rhenium on carboun ective for

hydradenitrageni[ian of aromatic nitrdgen compounds with

reduced hydrogen €emsumptio nly aromatic
rather tha.ﬂ u@qm ﬁg ﬁmeni trogenation

of 2-ethylafiiline gave a‘hydrncarhnn produc t,fonsisting

A AN T TR e =

1,2,3,4-tetrahydroquinoline, quinoline and indole.
Harvey and Pratt (1989) tested
hydrodenitrogenation activity using a series of
metal-containing Y-zeolites which mixed with an equal
amount of a standard Ni-Mo formulation and the resulting
mixed zeolite-alumina catalyst for and concluded that a
catalyst containing ruthenium is the only one to show
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higher activity than the reference Ni-Mo formulation.
Catalytic hydroprocessing is used to upgrade
fossil fuels ranging from light petroleum naphtha to
vacuum gas oils and residua. The catalysts are typically
sulfided CDD-Mco3fgamma~Alzo3 (Co-Mo) or NiO-MoO,/gamma-
Al,0; (Ni-Mo) which can undergo deactivation at widely
different rates depending on the feed and processing
conditions. A naphtha -3; gulfurization catalyst may

remain active for years Rr-'.. esiduum
hydroprocessing catabys r a few months.

Catalyst deactivatig gy, (1) chemical
poisoning, as feeg "':- catalytic
sites or react to
(2) physical bléCkafjc

a\-dsnrbed species,
_ urface, preventing
access of reactadts “he—edlt: i_%‘\5 es, or (3)

physical blockage g6 {er pore mouths),

preventing accesS of # ante) 1‘- interior pore

volume. Diez et nfluence of coke on

the hydroprocessingfadfigity 4 & Ni-Mo/gamma-Al,0,
catalyst. A ccmmerc;gﬁjﬂ‘E«‘" hydroprocessing
catalyst was des . : g 10 wt% coke in
operation wit  -y::——f7__““‘__* ,i"ycle oil (LCCO)
or a coal residgﬂm o)y curred during the
first 20 hr. F LCCO, the quantity and aromaticity of

the coke a 3‘ mszendent on the
reactor tem rbon and 40%
aromatic {EB& carbon) at §35°C to 4.0% carbomsand 70%

Qc]aﬁfr gd g hia a ion,
:;::dq'a lfur@zﬁlon [ %q ﬂglcgzgi‘;i{;z

(HDN) were approximately lﬂ% lower for the catalyst coked
with LCCO at 335°C and 20% lower for the catalyst coked
with LCCO at 395°C than for the coke-free catalyst. At
higher coke levels, however (10.6 wt% C with coal
residuum), about 75% of the hydrogenation and HDS
activity and 95% of the hydrodenitrogenation activity
were lost. From the N, pore size distribution, the coke



21

thickness was modelled and estimated to be 0.3 and 0.5 nm
for 1.5 and 3.0 wt% C, respectively. The coke thickness
increased to 1.1 nm at 10.5 wt% carbon. Surface analysis
by X-ray photoelectron spectroscopy (XPS) indicated that
the alumina support may accumulate coke more rapidly than
the molybdenum and nickel sulfides. It is proposed that
the loss in the catalyst act1v1ty resulted from blockage
of the MoS, crystallite v;'

dactive sites) by coke
formed on the alumln;kmx\b\ rt

catalyst properties and o; ingweonditions on
hydrodenitrogenati 6line in-c-ulta are reported
for the catalytic ik , S5 8ing o' ;inollne blended
into a heavy at 1 “by using seven
different commersg = ;. sF The sBudies were carried
out in a CSTR at : : ‘::\\ 0°C, pressures of
7-17.3 MPa (1,01 4. P8l -xx Space velocities of
11-23 em®/ (hr.g off c; : A JThe rogen
concentrations werefvaiied. 13 to 0.96 wtk and were
comparable to those H%EEEﬁt Rd in coal-derived
liquids. Limite ;{z were also done
for a coal-der}ya {Saarbe k€| Process 0il)
using both a Ni- ar =t e Ni-Mo
catalysts were tﬂn superior catalysts, with an optimum
Ni/Mo rati Mﬁ 5 4 ies showed
that 1rrevﬂ ‘imn -ﬂzj fﬁiﬁ:g correlates

the rate datk for hydrodenitrogenation of oline only
= qu

o RRTANAIRN N 16

inhibition effect due to the presence of nitrogen was
observed. Data on the effect of reactor pressure on
hydrodenitrogenation reaction, although limited, shows
that a first-order rate behavior with pressure is
applicable in the pressure range 7-17 MPa (1,015-2,466
psig) . The catalyst effectiveness factor based on the
first-order reaction rate model for hydrodenitrogenation
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reactions was found to be about 0.8-0.9 for Ni-Mo
catalysts.

Liquids derived from primary coal liquefaction
and bitumen extracted from oil sands have high contents
of asphaltenes and heteroatoms, which makes them
unacceptable for direct use (Stiegel et al., 1983).

Asphaltene is defined operationally as soluble in benzene
or toluene and insoluble 4@

ne or pentane and usually
consists of condense ] d N-, S-, and O-
containing heterocye : ‘ ‘g===::;h high molecular

L i - | —
weights. It is knows Hat asphea _-f; molecules are
mainly responsible #8the catalystudeactivation during
the catalytic hydraf 266 1ing land Hﬁxlng processes of

petroleum heavy+
and metals deposi

ontribute to coke
! ‘ face (Ohtsuka,
1977) . Therefore - 1L  Sein upgrading of coal
liquids and bitu i :
oils with low hetaf ‘ alytic conversion
of asphaltene is anfeggential éritical step in
hydroprocessing of coﬁiih,;ff gnids, bitumen

Sphaltene into lighter

extracted from-gil ‘ d re ‘jym petroleum.
Song et al. {1"f—_—_egggyggggggggggef:3:1yst pore
structure using #ou having different
ters (MPD, 120-730°A)“for hydrocracking
(425°C, 1 asphaltenes
derived fr %ﬂ?ﬁﬂ mgﬂmﬁﬁ;basca oil

sand bitumef (Aosb-Asp) . ¢ The asp ltene co rsmns

e T TN

has a much smaller molecular size but a higher

median pore dia

aromaticity than Aosb-Asp, whereas conversion of the
former appeared to be more sensitive to pore size.
Higher o0il yields were obtained with large-pore
catalysts, while the highest o0il yield from Aosb-Asp was
still remarkably lower than that from Aka-Asp. Maximum
hydrodeoxygenation activity appeared at an MPD of 150°Aa
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for runs of both asphaltenes while an MPD of 290°A
corresponded to the highest activity for
hydrodesulfurization of the sulfur-rich Aosb-Asp.
Diaz-Real et al. (1993) studied hydrotreatment of
Athabasca bitumen derived heavy gas oil containing 4.08%
§ and 0.49% N in a trickle bed reactor over Ni- W, Ni-Mo
and Co-Mo catalysts suppcrted on zeolite-alumina-silica
at 623-698 K (3su 425“- f“ i3 1-4, gas flow rate of
S8 .89 MPa (999.56 psig) .
Slupported catalysts are
cially available
Ni-Mo supported
active and could

remove as much ds @95 quF-j E_ 2sent in the oil at
698 K (425°C). '

catalysts on the

compared to those g
Ni-W, Ni-Mo, and g
on zeolite-alumi

oading of the
_ dbout one-fourth of
that required in tife faseiof@oimerdial catalysts.

Ho (1993)#fey@lu " Ogenation-selective
FeMo sulfide againdt & er desulfurization-
selective CoMo catalygk itn tand better the effects
of catalyst s-'____;_—:;__L;;;_____Egbi-moval on
aromatics hydriog Tation. T Sfils were done in an
upflow flxed-beggr-- crdtked gas oil. The
FeMo catalyst qe:pite its low desulfurization activity,
shows a hi ﬁm %" aromatics
reduction ﬁ:ﬂ ﬂﬂ Wﬁﬁﬂaﬁst of much
higher surf lce area. The bulk FeMo sulfide gs a goud

e IR RTHA I:
hydrnd ion s ivity and activity. However,

the dcwnslde to this property is that the active sites on
FeMo have such a strong affinity for nitrogen compounds
that significant hydrodearomatization does not occur
until the bulk of nitrogen compounds is removed. On the
other hand, the supported CoMo catalyst has
hydrodesulfurization as its primary reaction. Its active
sites appear to have less of an ability to discriminate
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the nitrogen and aromatic compounds.

2.4 Effects of Sulfur Compounds on the
Hydrodenitrogenation Reaction
Under industrial conditions organosul fur
compounds are invariably present together with the
organonitrogen compounds and the former are converted by
hydrodesulfurization r,:;, (HDS) . Furthermore, since
hydrodesulfurization « -fly. ; hydrodenitrogenation,

drodenitrogenation

S - | _-
conditions {mrey‘ ditieons. than for
hydrodesulfurizatig eI ~:§%;:hg substantial amount
of hydrogen sulfig =] \hu«- of

hydrodesul furizdtig 2Eals z“&‘ \;o~nitrGQEnation
reactions. Therdtaod a2e on studies among

these reactions hgh -’.' st\f\~ance Studies have
: : na

been performed d€tg ﬁ! she, ef ts of sulfur
compounds on the dfo g alg

\
described as follo ¥ [l
Goudriaan et ;}

reaction can be

vestigated the effect
of hydrogen subl the ‘hydrode rg§enation of
pyridine. Py fi as hydror :@’u a CoMo/Al,0,
catalyst at abou re (1,175 psig)

'es
and at temperatgnes of 250-400°C. Thig found that at

o oo UMW 3o

maximum a t of nitroggn removeﬂ‘was 35%, &he hydrogen

sl ominine ) ARR rea T
psiqg) . s1 hydrogenation activity

of the sulfldlc catalyst is greater than that of the

oxidic catalyst and the presence of hydrogen sulfide has
a beneficial effect on the hydrocracking activity of the
catalyst.

Satterfield et al. (1975) studied interactions
between catalytic hydrodesulfurization of thiophene and
hydrodenitrogenation of pyridine. They reported that
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pyridine hydrodenitrogenation is more difficult than
thiophene hydrodesulfurization, and there is a
thermodynamic limitation on the first step of the
hydrodenitrogenation reaction mechanism which occurs, for
example, at 5 to 11 bars (72 to 159 psig), at
temperatures above about 350°C. Pyridine inhibits the
hydrodesulfurization reaction as previously reported, but

sulfur compounds have a . fect on
hydrodenitrogenatio }.Q 1 sMperatures, thiophene
inhibits the reactd@i*“B¥ co wewith pyridine for
hydrogenation sites Gm-tl Lz ;‘-. This retards the

dine, reducing the

overall reaction gaftgf ‘t"“e!- \\atures the dominant
effect is inte

hydrodesul furizs

lde, an
: : with the catalyst
to improve its hy § ‘“;F?; I Ggracking) activity.
This increases ' : YE hydrcgeqnlysls
which is rate de 1ning atd e conditions and
enhances the overall g%
Bhinde (1979).%
constants for ghe =2

Odenitrogenation.
pseudo-first-order rate
ijy data for feeds

containing Elw-n;
and 0.7 wt% di“=
overall nitroge

0.5 wt% quinoline
’ constants for the

"removal and for thejﬂidividual reactions

in the qu line‘hﬂtwcrk T £_u ged by the
cacssion BN D INEITL TREI A ecormins

effect of tHe dlbenzuth%?phEne was a 25% enhancement in

oty 91) mmzmmma d

Satterfield et al. (1980) investigated
simultaneous catalytic hydrodenitrogenation of pyridine
and hydrodesulfurization of thiophene. Studies were made
with a commercial NiMo/Al,0, catalyst at thiophene and
pyridine partial pressures of 12.4 kPa (1.8 psig) each,
total pressure of 1.14 MPa (165.38 psig), 3.55 MPa
(515.01 psig), or 7.0 MPa (1,015.52 psig), and
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temperatures of 200 to 400°C. It was found that under
some reaction conditions thiophene enhances the overall
hydrodenitrogenation of pyridine and this is caused by
the H,S formed by the hydrodesulfurization of thiophene.
In the case of pyridine, the first intermediate product
formed is piperidine, and the presence of thiophene
caused inhibition of pyrldlne hydrogenation but

enhancement of the hydragée of piperidine, so the
net effect can be e -Wlﬁbizl' t#fhe overall nitrogen
removal rate.

Satterfield and G ki t2882) studied the
effect of hydrogep.s%ilfiae .wf; Asalytic
hydrodenitrogenati : 1 & 1 reported that the
presence of H,S {t 8 1 hig nl:»\\~ inhibiting effect

on the intermedigfe ogenation ‘steps) involved in the
overall hydrodeni gedat ionfof _‘\xukfne but a marked

"" X ate hydrogenolysis
steps. The net effegt i n. 4 i€’ in the overall
hydrodenitrogenatiod raf bc@lerating effect of
H,S on the hydrodenitf;nﬁf~ '

value under the')

e reached a plateau

SBudied when the H,S
— :y )

‘F corresponding

line fed. They

also proposed that on a ccmmerclal NiMo/Al,0, catalyst a

iiiiiiniil%ﬁéiﬁilﬂ FINBAND, oorpecon

onto the c lyst of secomdary amines formedgas reaction

e 5\ W N R %ﬂl“v‘lﬁ“}‘i’}’EIQ@lElm

in the geaction network in the presence of H,5 are shown
in Figure 2.5,

partial pressuk;ﬂ
to about a 1:1 mBle rati o

They studied the hydrogenation of propylbenzene
to propylcyclohexane in the presence of H,S, or of
propylamine (PA) as well and reported that H,S or
propylamine inhibit the hydrogenation of propylbenzene to
propylcyclohexane but the hydrodenitrogenation of
quinoline results in a higher ratio of propylcyclohexane
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to propylbenzene in the presence of H,S than in its
absence. It is suggested that dihydro o-propylaniline
may be formed as an intermediate in the sequence of
reactions proceeding from o-propylaniline to
final hydrocarbon products.

Yang and Satterfield (1984) studied the effect of
hydrogen sulfide on catalytic hydrodenitrogenation of
: Studies at 350, 375,

and 390°C and 6.9 Mpa (1,00 ) showed that the
presence of hydrogemssilfide ed in situ from CS,
added to the feed) i e Of Eedction network

somewhat inhibits WwOgenat ion I.dehydrogenation
reactions but marledld £ exates. ogenolysis
reactions, for # ng r‘gmi-;‘ } t) erall rate of
hydrodenitrogena#iof. f [ | efle ‘afe similar to those
observed previous -,; sphas
sulfide has 1lit | *7f3 b \ cBivation energies
for the hydrogena ;uﬁ'iro}K'--
it significantly ref
reactions.

sactions. Hydrogen

ion reactions but

r the hydrogenolysis

ems encountered upon

reacting 5,6, 77§ ydrogqui gfe, attributed to
# - 777_ - W

formation of al¥ : Sfijediate. They

also postulate gﬂ S . ?’ds of catalytic
sites to explain” their results: site is a sulfur

vacancy as m while site II
is a Bronsﬁﬁ {m qﬂi&d promcter

(e.qg., phos ate) or from-the dlS clatlon
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responsible for hydrogenolysis and ring isomerization.
Adsorption and dissociation of an H,S molecule can
convert a sulfur vacancy to a Bronsted acid site plus a
sulfhydryl (SH) group, as shown in Figure 2.6, but the
adsorption is readily reversible if st is removed from
the reaction system.

Satterfield et al. (1985) studied the effect of
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water and hydrogen -
hydrodenitrogenat:

?sﬂc and 6.9 MPa

(1,001.0 psig) . _ : =sence of water,
either added as safch :7 fw 5”_ siru from an
oxygenated compound, Sy ;gfui: - He te of
hydrodenitrogena#fio ) NiMoy Al O \catalyst. The effect

occurs in either absence of H,S (from

CS;) . The degree off rgie ») )f this activity when
water is removed varies itions. Any remaining
enhancement is -gem Oy a'star '%jb
resulfiding pr gure—that—red e

to the level it ‘ f@
Nagai et+al. {1986} investigat the selectivity

of a Ho!hl 0 catéﬂ

retarding a ect af sulfuf and axggfn campou

T e et (e

MPa (1,465.2 psig) total pressure. Sulfidation of the
reduced catalyst hindered the denitrogenation of
perhydroacridine to dicyclohexylmethane. The sulfur
compounds which used in experiments were carbon
disulfide, dibenzothiophene, benzothiophene, thiophene,
dimethyl sulfide, ethanethiol. The oxygen compound was
xanthene. The sulfur and oxygen compounds, except for a

ing and
talyst activity
ater,
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small amount of CS,, depressed the denitrogenation at
higher temperatures where the intermediate hydrogenations
of acridine to perhydroacridine attained equilibria. At
lower temperatures, all the additives affected the
hydrogenation of octahydroacridine to perhydroacridine
which was not at equilibrium and resulted in a decrease
of denitrogenation.

Gultekin et B L udied the combined
effects of hydrogen sulf :

L i and ammonia on
liquid-phase hydr--'f'*u-QEF.t 1 igun,noline in a batch
slurry reactor usinger ic mmercial NiMo/Al,0,
catalyst, at 7.0 016 15 -».*f:s.‘h' and 330, 350, and
370°C. j bvera
of quinoline we

rdrodenitrogenation

der with respect to
total nitrogen

were first order.

individual rates

5, (from CS,) alone
enhanced the overa v dR¥ogenation rate
significantly. H.,0, Jas & 4 ited the overall
hydrodenitrogenatiofd tigi‘some t7} however, the effect
of H,S was dominant whéen :' Z i,0 were together. NH,
(Erom diaminne;ML_________;;______::?;&ﬁ_y effect. No
effect on the HyATrot

guinoline was found
y 1,8 q eﬂ The combined
20, and NH3 have resulted in a decrease

A VS W T
h}rdrcgenolﬁﬂlﬂp m n increase in

the overall ydrad&nltroganatlnn
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in the presence
effects of H,S,
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