CHAPTER 1II

LITERATURE REVIEWS

2.1 Hvdrogenation
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Hydrngenation isfdinfluenced by a number of fac-
tura,Qnﬁlﬁiﬁﬁﬁﬁ'm um’g\ %&m ﬂ'i‘t}f and
uparat g conditions. Temperature, pressure, agitation
and catalyst loading can each influence both the rate and
the selectivity of hydrogenation. 1In general, as temper-
ature, pressure, agitation and catalyst loading increase,
the rate of hydrogenation increase until a limit is

reached.



2.2 Hvdrogenation Catalvst

Hydrogenation can be carried out in both the
liquid and the gas phases, but liquid phase reaction are
much more common. Hydrogenation catalysts are of two
types, heterogeneous and homogeneous. Heterogeneous
catalysts are solids that rm a distinct phase in the

solve in the liquid i a single phase.

HomogeneoWs Eatalys| @ infrequently in

industry. They are 17 te from the reac-
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Many me : ’ ve general hydro-

genation ac ﬁﬂ chromium,
zine, irnn@ ’3 m&@rﬂs‘jﬂ , palladium,
rhodium, ruthenium} are d@mong thesslements fréquently
touna AN FEUIBN IR S
tions ék these or other elements are sometimes used to
confer additional activity, selectivity, stability, or
life.
Palladium, platinum, rhodium, and rhutinium make

exceptionally active hydrogenation catalysts and are

frequently used when equipment or stability limitations



permit operating only under mild conditions. They can
effectively reduce most functional groups, usually under
more vigorous conditions than the platinum group. Copper
chromite is used mainly to reduce ester to alcohol.
Cobalt or iron, in the presence of ammonia, is effective

for the reduction of nitriles to primary amines.

2.3
%].ang been known as

one of the most talytie reactions in the
industry. used almost exclu-
sively as a prec -f-:-, production of cyclohexanol
and cyclohexanofiefthese chemicals in turn are predomi-
nantly used as pfeglir : }-?“_L ' 6 'and nylon 66.

Benzene, -   scribed as a clear,
colorless, volatile, QE;EE ple liquid, aromatic in na-
ture, passessing a qhgﬁﬁgbé'lf{j}_odur.

The c3§ E hydrogenation o1 benzene to cyclo-
hexane is a st¥bngly exotl é*. It is an irre-

versible reacti“
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hydrogen and apprnximatafy zero ofder o m}r nega-

tive Slal dbbydickarbld 4! “ans

CH, + 3H, =-=======> C,H, (2)

|l
at lower temperature’ and high hydrogen

tten as:

H = -51.2 Kcal/mole at 200°C
The reaction is therefore favored by a low
temperature and a higher pressure. The hydrogenation
proceeds cleanly to cyclohexane unless elevated

temperature are employed, then cracking and rearrangement



into a variety of products occurs (Emmett, 1957).
The various reactions that can occur in the
presence of benzene and hydrogenation under vigorous

conditions are as follows:
O + nH, ==-=-- --> cracking product (3)
(4)

(5)

mportance up to
N

temperatures of“ah produced either by
zed by metal of

= reaction catalyzed

a hydrogenolysis#t
group VIII, or by
by bifuntionsl catalys ‘ogenating metal depo-
sited on an acid SPP?%Ebﬁﬂ;\;;_: or silica-alumina).

This hydrocracking . be aveoid ed by y eHopsing a non-acid
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Reaction/(4) is tharmudynamic;gly favored by a
O - )1 U261 (2010 e i
catalyst o I ‘ . .

Reaction (5) occurs partiealarly in ﬁdiir phase.

support.

catalyaed by) mtal beldeh vtz ) del i keh GRsiiday

enhanné% by a rise in temperature and a reduction in
pressure.

The catalytic hydrogenation of benzene can be
carried out either in the mixed liquid-vapor phase or
completely in the vapor phase and the catalyst which can

be used for this reaction comprises the group VIII metal



such as platinum, palladium, ruthenium and nickel or ac-
tive metal supported on the high-area oxide support such
as Al,0,, Si0,. Commercially, Raney nickel is also used.
The temperature and pressure of the reaction depended on
the catalyst.

Amano and Parravano (1959) studied the vapor

phase hydrogenation of aver ruthenium, rhodium,
palladium and plati *~ﬁ€ mpported on aluminuum
at one atmosphere : wd temperature from
25 to 225°C, they react. on_to be essentially

Bizhanov, et al 594 ) which #as conducted at 100-200°C
and using the same a if;,' __ oy, also found the order

of catalytic actiy Lo, rbe: > Bu 3 Pt > Pd.

-state flow reaétor wi Pd-Al. ; }st and found
that the reactifn was zer 7 he“benzene concen-

tration.

eporeen ﬁ:ﬁﬁﬁ T .

kinetics of this reactiod in the presence ofaNi/Al,0,
cavarel] oy $iha U BB VhEL AR fher 1n cun
and 2?5 order in H, and the activity energy was ~ 4.12
kcal/mol at 150-200°C.

Kamarewsky and Hi&ler (1959) found that cyclo-
hexane could be produced from benzene and hydrogen at
475°C and 115 atm over vanadium oxide. The catalyst was

inactive for this reaction at 400°C and atmospheric



pressure. They were unsuccesful in attemps to hydrogen-
ate benzene over chromium oxide both at atmospheric and
super atmospheric pressures.

Phillips Petroleum Co. (1962) also prepared pure
cyclohexane by this reaction in which n-hexane is used as

a heat absorbant and azeo e component. A mixture of 1

part benzene, 5.7 part nd 7 parts H was fed

into a catalyst begd ssure of 432 psi. The
crude product strea usted to a ratio 70:1
n-hexane to benz in a column oper-
ating at 121°C a zene was remove for
recycle from the

the bottom.

e cyclohexane from

ion of high purity
‘et al. (1964). They

A new

prepared cyclohexa =} TV ;Lf" 100 ppm of benzene by
the liguid phase hyd:ﬁgﬂﬁétlgfff‘;-enzene over Raney
nickel in suspehfion = s aEMm partial pressure
of H (about 40 .f Under these condi-

tions the equll"-rium conversion is >"99.99 % and 51.2

211 (1311011101 e
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catalyst bed with additional H. The final product is
normally 99.97 % pure by weight.

Benzene and conjugated alkadienes were hydrogen-
ated to cyclohexane and alkanes over Sn oxides -Pt-Co-Cl
catalysts which were also employed in the hydrocracking

of heavy hydrocarbons to C, , alkanes by Pollitzer and



10

Hayes (1977), the reaction condition were < 500°F, 400-
5000 psig and LSHV 0.1-10.0.

The effect of temperature on vapor phase hydro-
genation of benzene to cyclohexane over a Ni-Cr catalyst
at 20 atm has been investigated by Proskunin, et al. '

(1972) , they found that t degree of conversion was max-

imum at 200°C with a of 1.8 hr'. They
also found that abo
adsorbed on the c
activity.

Later, =

nsition product were

genation have been
made with iron c

found that hy

et al. (1977)
r a singly iron

catalyst at 130 axane and cracking
product were als concentration at

temperature above ";, ,wfﬂfi of adsorbed benzene

found that a c 1 euwiﬁ‘ﬁﬁ" f'urs at above

180°C.

ﬁ m red cycloole-
fins by paa;ﬁ Mﬂﬂn o ﬁj hydrocarbon in
the presence of Ru-canta hates.

Thus,’aq Wx mﬂl ﬁﬁgm,m «8H,0,

3g of H,0, 3g benzene and 10 Kg/cm’ H was autoclaved at

70°C for 4 hr to give 2.1% cyclohexane with 29.9% conver-

sion of benzene and 7.0% selectivity for cyclohexane.
Further work was studied by Franco and Phillips

(1980) . Gas phase hydrogenation of benzene over nickel-
kieselguhr catalyst was studied in the differential flow
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microreactor at 120 to 195°C benzene partial pressure from
22.66 to 280 Pa, H pressure from 72.39 to 122.79 kPa and
cyclohexane partial pressure from 5.33 to 40 Pa. They
found that cyclohexane was the only product of the
reaction. They observed the maximum in the hydrogenation

rate at 185°C.

Reaction netw pgenation of benzene

proposed by Sapre as carried out in a
batch reactor aty n the presence of
sulfided Co0O-MoO : Ji' s the primary pro-

and the reaction is e ‘qr as first order in the

organic reactant.

o ———
Bcgza, et al,{E@iﬁ%y

ated benzene qver Ni at 165-260°C at 8410 atm. The H-C.H,

\l

Etudles 4f henzene hydragenat n have been made
with prmnm ﬂﬂ jnisn found that
molybdenum for nickel

m,w,,mmzﬁ:u AR o

afficiency of copper catalysts in benzene reduction.

o.successfully hydrogen-

molar ratio wa,"

Orito and Kowachi (Emmett, 1957) investigated the
reaction of hydrogen with benzene in ethanol at 160°C
over a nickel-chromium-kieselguhr (1:0.1:1) catalyst.
They found that the chromium exerted a promotive action

only when it was added into nickel by coprecipitation .
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Catalyst prepared by mechanical mixing gave no evidence
of promotion. )
Zhanabaev, et al. (1982) found that a conversion
of C,H, and yield of cyclohexane was achieved in the
liquid-phase catalytic hydrogenation at H pressure 7-8

MPa, 150-160°C and C,H, spac velocity 0.6-0.9 hr*. These

lyst containing 2% Fe
and 3% Nb as promote s wa ted twice as active
and stable as a

ﬁEE:EEF‘
similar conditigaﬁp"ﬂff

Sokol'sk ~—4198: idied the hydrogena-

..containing 2% Fe under

tion of benzene ';”7"’ k \\4\t promoted with Mo

or W at 160°C a gave high-purity

cyclohexane wi apparent activation

energy 6.5-7 kcal
lerie may occure in the
presence of a bifunt ‘@lyst, Nasution (1984) suc-
cesfully hydrn;‘ ' ene vmnn;p‘ane over Ni-W/
A1,0, and Hi—Hn‘ 3 BB /cn’ ana 4-14:1

(molar) Hrhydro~ rbon and also succesftilly used Co-Mo/

“mmﬁﬁﬁﬁmmm
o TR Tt Lo L o

catalysts in the hydrnqenation of benzene.
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Table 2.1 The ability of benzene hydrogenation catalysts

e e e

S D S S S . S s S S S . S S

film W>Pt>Ni>Fe>Pd

Al.0, supported at 47 Rh>Ru>Pt

///

Pt>Rh>Ru>Pd>Co>Ni>Fe
Pt>Ni>Pd

5i0, sopported at

cial operations“emplgy atalyst (gas phase hy-
drogenation) and | el (liquid phase
hydrogenation) be table, as it is
superior cheaper. 5 an be from 100-1000
psig, an average of Z@gﬂT keing typical. The
temperature is any uid epace velocity is
approximately 1 is approximately

20 % benzene an Jg0 % cyclohexane. The heat being dissi-

pated both '1:21 f y specific
heat of th@ %zjﬁc mlﬁ]mhuils off is
then recyclied in art a:f a ream, and
the ra ﬁd ﬁiﬁ}b}j ﬁﬁaction

can be carried out both in fixed bed or as a slurry-type

operation.

2.4

Most catalysts used in heterogeneous catalytic

processes are subject to decrease in the initial activity
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over a period of time. The time required for the activi-
ty of a catalyst to fall to an undesirable level varies
with the severity of the process conditions and with the
type of the reaction being catalysted. The reason why
this happens is often very complicated but usually due to

four basic mechanisms: (1)
tion (2) fouling or coking Aﬁ’ isoning and (4) loss of
catalyst material through f éand escape of vapors.

@st may occur singly

ove result is to remove

ntering or thermal degrada-

active site from _ghedcat
o‘-l ‘.L'_l'-_'/ [

process associate th /b Aos  ‘eatalyst area due to

ion is a physical
crystal growth in l alyst phase, or with the loss of

temperature rahfe Su 1 g - 'Ses may occur

through out the latalyst or may be loealized at individ-

el DAL ST e e
e A SN ST A

will cause a loss of specific surface area with associ-

ated changes in the pore structure. The second type of
catalyst is an active metal supported on a high area
oxide support. Here sintering can occur not only by re-
duction of the support area but by a “coalescence' or

loss of dispersion of metal crystallites. These loss of
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area cause a sharp drop in activity. Sintering can be
avioded by working at an operating temperature below the

normal range of temperature.

2.4.2 Deactivation bv Fouling

Fouling is a process of catalyst deactivation

that may be either physice Aﬁ' emical in nature. In
general, much large -ﬂf‘ ' rial are responsible
l~process than in poison-

ing. Fouling is of species from
face. This result
with consequent
loss of active Catéily “.f;g:‘kz‘i in extreme case, it
may even lead t =¥particle void
spaces and comple! ie’' reactor. The most
fouling process is _ttjﬁr-ﬁ Gheceous deposits or
“coke' that forms on fost catal

ing of petroleus

its used in the process-
“organic chemical
feedstocks. arboneceous or coke

deposits (conta ing, in addition of ‘:rhnn, significant

e UYL 2
e A AR AL .

trinsic association with the main chemical reactions,

fouling by coke cannot be eliminated by purification of
the feed or use of a guard catalyst; if reaction occurs,
coke deposition must also neccessarily occurs according
to the overall chemistry of the process. However, coke

formation can be minimized by appropriate choice of

019291
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reactor and operating conditions, and in some case by
modification of catalyst.

In general, coke can originate from the reactant
or product by reaction (7) or (8). Reaction (7) is
called parallel fouling while (8) is called series foul-

ing or consecutive fouling Fouling may also occur by a

combination of reaction i  2¢‘ (8) The extent of coke
formation will depenc on th 4:& the reaction with

respect to the fW' wd product R and the

coke, and on the & temperature coeffi-

cients for each tion will increase

when the reaction

Sy | main reaction)
P 2 2k (7)
Coke (side reaction)

metal sulfide deposition rising from the organometallic

constituent ﬁﬁoﬁ ﬁ{ﬂﬁ}l}jﬁsulfur con-
taining mn 3£L res of cata-
lyst during hydrutreating'oparatinns. case, the

recat QY UV S CHI A DR D18 e e

snrbedqun the catalyst surface and the other site, organ-

ic site, will be polymerized. Then fouling will occur.

2.4.3

The term poisoning will be used solely to des-

cribe catalyst deactivation due to small amounts of
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material, specifically to a specific catalyst and
associated with the adsorption of the poison on the
active sites of the catalyst. Poison is often associated
with contaminants such as sulfur, nitrogen, oxygen
compounds in the feed stream of petroleum fraction which

is then termed impurity pg

isoning. Though this is the
7 identified of poisoning

processes, it is ippextar ize that other forms

of poisoning ma? Thes: lude poisoning by

be preferential ' - ‘-a‘L ve sites of the

-e*iw\Dn of reactant.

the catalyst surfa ss of catalytic acti-

vity. The depositiow @f metal impurities is considered

Y e
=

to have a long = eacti

n _riad in wvarious
degree of affinity £oi

e AV D T
o AT AN

face, and inhibitors of reaction rate which are either

the surface, a

reactants or products of the main reaction being carried
out. The description of a poison as selective or non-

selective is related to the nature of the surface and the
degree of the interaction of the poison with the surface.

A nonselective case is the chemisorption of poison on the
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surface which removes active sites in an uniform manner,
such net activity of the surface is the direct function
of the amount of the poison chemisorped. In essence,
every active sites looks like every other active sites to
the poison molecule. Conversely, in selective poisoning

there will be some distri ion of properties of the ac-

h, which can be the re-

tive sites, such as ac \L

R ” or ﬁpich results in non-
the s% Often these will

appear as exponen | nypobolic relationships between

sult of any member ¢
uniform deactivat
the net activity and the amount of poison
chemisorped.
Most p 19/ ¢ ;Q es are effectively irrever-
sible, so the ca 3 be discarded ultimately,
but there is an 13---' l isons that are re-

versible in action Clude the poisoning of the

reforming catalyst hxﬂgﬁiﬁﬁ? ‘/the
hydrogenation @ 7 talys '

poisoning of

is always pussil\‘
feed strea ﬁzﬁ 1{ cess. by hydrotreat-
ing reactiH mmg Mﬁnﬁ, hydrodenitro-
genation, h;grndeoxyganaﬂinn is used for remo¥ing sulfur,

nitrodun| loxygeh| inpuk () $#a# the) phEcd1ekb| tabdstocks,

respecékvely.

e to remove impurity-poisons from the

2.4.4
The loss of catalytic metal through the formation

of compounds such as metal carbonyls, oxides, sulfides

and halides in environments containing co, NO, 0,, H,S and
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halogens is the fourth mechanism of catalyst decay. In
each case the catalyst life will depend on operating

variables.

2.4.5 The Theorv of Catalvst Poisoning

Earlier work on the poisoning of metallic cata-

e

k xted (1951). In this he
on the electron

lysts was brought toge
proposed a theory of ¢

structural proper¥ a-n* the p ning in the gas phase
and the solid metsz 447' 3\ cept employed is
that essentially ;—g- /:- ~q-; d on the active

~-lex. Limitation to

metal sites to forh \

chemically boun@ed pecificity and also

that a low concefit have a very marked

,\

deactivating effe -‘ca'w sts susceptible to

poisoning are confi ‘:i,,hlae;. meétals of group VIII of

the periodic table qgﬁﬁﬁﬁé?if '
IB (Cu, Ag, AW\ These ar

¥ related metal of group
fable 2.2 ;most of
them are ampl-‘ﬁ and” reforming reac-

tion, and much &f the earlier work on -nisaning were per-

fomes e ﬁ’ﬁ*ﬁ B NYINg

Table 2.2 Catalytic metdls most GuscanlbléUtn poisoning

9 mmmmmmn g

Cu
Ru Rh Pd Ag
Os Ir Pt Au

The principle poisons that are effective in

deactivating these metal catalysts belong to the
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following groups:

(a) Molecules containing elements of the periodic
table Group VB and VIB i.e. N, P, As, Sb, and O, S, Se,
Te.

(b) Compounds of a large number of catalytically

toxics metal.

(c) Molecules  multiple bonds, such as

. y adsorbed organic
—

The toxlc vnu-r' af - oup VB and VIB was

CO, cyanogen compo

molecules. *

attributed by Ma 4//I of unshared electron
pairs which facilifage she jﬁk -~ tion process. Thus

compounds such a5 H,S PH, (@ Q'«m a sulfided function
-f'f § "
are poison whereds go -n ;-FJ vith ne lone electron pair
u R ;
are non-toxic. v~n:
= “ ox JI.I'A:I = '7‘

2.5 Deactivati Cat Hydrogenation ¢

Death  ;;y!-' J,-._._vy_;; hydrogenation

#s

benzene is due“ti ticully, sulfur
|

M1
i

Is usually present as“dmpurities in the

oo e T AR Ry e o
ty of hydr% n : ‘ t of poisoning
depends on (1) the kind oJf sulfurse ﬁuundsgijéLthe na-

e R WAANE IUNBIIN Y of the

experiment and (4) the organic compounds undergoing

compounds which

hydrogenation.

Emmett (1957) studied the poisoning action of
several compounds for the hydrogenation of benzene over
nickel at room temperature and reported that with 3 g. of

nickel the rate of hydrogenate was decreased 50 % by the
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indicated amounts of each of the following materials:

thiophene 0.6 mg.
ethyl bromide 1 mg .
chrolobenzene 3 mng.
bromobenzene 15 mg.
water 100 mg.

Gonzalez-Tejuga, e ; 977) determined the
stoichiometry of adserpt us poisons on Pt/
Al,0, and Pt/sio, g {#%s for hy pation of olefins
and benzene at radftivels 1dw -emperatures. H,S and COS
were found to de s one pla L T te per molecule
stivated two platinum
sites per adsorbed/mgls Z,:f ¥‘-31 / was CS, found to
t the other poi-
origlly adsorbed at 273-293 K.

deactivate more =

sons, it was also

“reversibility was H,S =

=

CS, < COS < thi “f £ conditions

_ 'Glthat it was not
an effective pci'.n fo ~:Ef to the result of
Ni catalyst.

tion of :mﬁﬁj%ﬂ ﬁ’S;Wﬂﬂ’[ﬁ ‘?m deactiva-

ica-alumina catalyst containing 21 %

e AT

to a reduction in the number of active sites. The acti-
vity of catalyst decreases linearly with increases in the
amount of poison until greater part of the catalyst has
been deactivated. The rate of catalyst deactivation can
be represented by first order kinetics, and activated

energy for deactivation was 5.32 kJ/mol.
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It was also found by the same authors that rate
of catalyst deactivation decreases with increasing ben-
zene and hydrogen partial pressure which suggests compe-
tition between reactants and poison for the same cataly-
tic active centers. This means that benzene and hydrogen

are adsorbed on the catalyg face and that the dual-

site adsorption model elwood for benzene

hydrogenation is sui this reaction.

Markos and ied the poisoning

of 58 % Ni/Al,0, ing benzene

hydrogenation. -*~nning was irre-
versible under theg¥re v %  § the time for
total deactivation I rature , space
velocity, initial O] ?a:f- : ation and Ni particle
size. |

Zrncevic and Ru--, ound that the deacti-
vation of Hl—EiEEEELéa'Eéggafak_ e in the
hydrogenation at]i 2ae=i30c=a 'iinimized by

' at 253°C.

Later, Hasagutav, et al. (1988) investigated the

rieeion e8] SPN T HAPYG o =

gested that the daactivation of this cntalyst was due to

AU TAL. ..

(1989) , hydrogenation of ethylbenzene was used as a model
reaction to study the effect of sulfur compounds to the
activity of Ni/mordinite catalyst. The reaction was
carried out in fixed-bed tubular reactor at 3 MPa, molar
H,/ETB =10 , 100-200°C and liquid space velocity between
1.5 and 20 hr™'. From this study, they found that the
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addition of 100 ppm thiophene into the feed caused a
sharp continuous drop of activity and affected the selec-
tivity of the reaction, due to the presence of thiophene
modified the yield of cracking products.

Marecot, et al.(1992) also investigated the deac-

tivation by sulfur compo nickel catalysts in the

course of benzene hydroc lnw temperature (50-
150°C) and atmosph unvent1nna1 flow
reactor. Variou by pulse and were
' T, which was de-

atoms deactivated

characterized
fined as the n

through adsorpti of poison. The

results show that Gity of thiophene de-
pends strongly on wre italyst since it varies
from 0.4 to 7.0 nick _;ﬁyf tivated by one molecule
of poison when varicu§g§é§94 alyst are used

(described in fﬁf -18)" o initial toxicity

of thiophene décireases

of reaction
crETnca with the
lower toxicity of ‘thiophene whan it is hydrogenolyzed

rinee eI BTN HAR Friveeea o

the temperature craases.

e AN S R P

sulfur compounds examined in this work were thiophene,

increases. Thiah v

thiolane, hexane-thiol, propane-thiol and hydrogen sul-
fidE. They fnund that Ti thiophene - Ti thiolane > T.‘. propane-thiol b
Ty hexane-tnior> T we- The lowest toxicity of linear thiols

compared to cyclic sulfur compounds can be explained by

their higher dissociation accompanied by evolution of
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alkanes. On the other hand, this decomposition is ac-
counted for the comparable toxicity of the linear thiols
whatever their chain length is. This results is differ-
ent to that of Maxted and Evans (1937) , whose investi-
gation of the liquid phase hydrogenation of crotonic acid

on nickel at 50°C, who fa relative toxicity of

sulfer compounds to increase yzae following order: H,S,
CS,, thiophene and te g ificreasing molecular

size. The lowe pared to the other
the adsorption of

Al nickel atoms

sulfur compoun
the sulfur ato

while, for insta ohene which dees not decompose

by nitrogen compounds ‘has & cen investigated by a
LTINS =

number 1nvesti§§tnrl:‘ﬁiufﬂﬁp,

b

os CUlpou v OL Pl =] 0il on the
aan Raney nickel.
They found that n}troqen cnmpcunds irreversibly deacti-

vated the 5 GaER1YEEY | B FAIGASER Fpcoeson co-

effients of 9C,H, and of N—suntalning ccmpuunds and the

eI T e Y

block mainly the active center of C,H, adsorption-donor-
acceptor compounds which were formed on the catalyst

surface. The poisoning of catalyst decreased with in-
crease of N atom shieiding in the molecule of nitrogen

compounds.
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Gultekin and satterfield (1984) also reported the
inhibition of aromatic hydrogenation by sulfur and nitro-
gen compounds. The reaction condition was 375°C and 69
atm, they found that the pseudo-first-order rate constant

for propylbenzene hydrogenation decreased by a factor of

, opylbenzene in the
feed. Ammonia was g Jreu&nﬁibitor of hydro-

genation than hyq;gguﬂ"' ffd: latter reduced the

7 when the ammonia parti sure increased from 0 to

0.13 atm,which was

pseudo-first-ord 1tk e factor of only
2.3. \

Barbier ; .vﬂH:~u-atad the struc-
tural sensitivity @f ;‘_gi Jiing of \several reactions
on Pt/Al,0, catalys 2 ‘f;éﬁ'.fa centage exposed rang-

poisoning of benzene
hydrogenation are sho ’., . While this reac-

le of structure-

insensitive trﬁ‘ f7,¢e_;"T—“' ------ ' fainmes structure-
sensitive upon p‘-‘ ressiy i nﬂ the Pt by ammo-
nia, since the am%}ler metal particles deactivate more

ity gl TR PGB i e

tation of sugh results on the hasis of a heterogeneous

/s
surfa i
AN TR T A

tion requires an ensemble of sites so that a single NH,

molecule would be more effective poison on smaller cry-

stallizes.
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2.6 Nitrogen compounds

Nitrogen compounds are present in most crude oil
in smaller concentrations than sulfur compounds. The
weight ratio N/S varies from about 1:2 in some high-
nitrogen crudes to 1:5 to 1:10 in other crudes. Its con-

centration is usually less 0.2 %, though it may be

as high as 1.6 % in some « 2 itrogen compounds are
concentrated in the ah ction and in the
residuum; very 1li e fraction that
boils below ca. . -:rgaly in the form
of heterocyclic six-membered
:rocyclic compounds

ad-nltrlles, The

HNINYINT

1. Hyurnganatiuh of benzene can be carried out

SCA LRGN RIV PR (190101

prise the group VIII metal such as Pt, Pd, Ru, and Ni or
active metal supported on the high area oxide support
such as Al,0,, Si0,. A commercial Raney nickel is also
used.

2. The operating condition for hydrogenation of

benzene depends on the catalyst used. In general, the
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pressure range from 100-1000 psig., and the teémperature
interval 200 30°C.

3. The reaction order of benzene hydrogenation
was zero-order with respect to benzene and first order
with respect to hydrogen.

4. Catalyst used
vated by impurity po

ogenation can be deacti-

s sulfur, nitrogen,

épc}:s . These com-

ch facilitates the

oxygen compounds)
pounds have unshare
chemisorption proge€s#fnd can adse B the active sites
: 2actant to adsorb
on the active sitgf ahg ’..if-‘fa activity of catalyst.

' Sed in hydrogenation
of benzene was occuged due: to sulf -nisoning and the
extent of poisoni Q e -?i{:ﬁif 1) the kind of sulfur
compounds, (2) the & £ compounds, (3) the

nature of catalyst, and {: mental conditions

6. Nitrogem ¢ alst suspected to deac-

tivate catalyst

T U Y
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ad in benzene hydrnqenatinn. However,
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