HYDRODESULFURIZATION OF CRUDE OIL
FRACTIONS USING Co- Mo/Al; O; CATALYST *)

ABSTRACT

By
A 5. Nasufion

Kinetle of hydrodesmifurizarion reaction 5 studied for crude oil fractiony: Vacuum distillare, deasphaled

onil, reduced crude oil and vacutmn residue.

I INTRODUCTION

Sulfur cuompounds of petrolewm  products
must be removed (o eleminate the alr pollutiom.
Hydrodesulfurization i3 the most modern and the
maost effective cotalytic process for removing sulfur
from oil products. Depending on the feedstock
quality; desulfurization between 80 and 99 percent
can be obtained, This progcess convens sulfur into
hydrogen sulfide by reaction with hydrogen in
the presence of catalyst,

Cobali und molybdenuim oxides on alumina
vatalysts are in mwost gemerul use todsy because
they have proven 1o be higly sclective. easy o
regenerate, and resistant fo poison, Hydrodesul
furization catalysts which have a pood performance,
active Tor indostrial bse for hydrodesufurizption
of crude oil fractions contwining large amuounts
of catalyst poisoning malerial such as asphalthene
and organic metallic compunds (2),

The ease of hydrodesolfurization is depended
upon the type of compound. Lowerboaillng coms
pounds are more easily than higher-baoiling ones.
The difficulty of sulfar removal inoreases in order
paraffing, nuphthenes, aromatics (2],

In order to obigin moreé data about hydrode-
sulfurization process, and experiment has besn
curtied  oul to study the hidrowdesulfurization
eaction rate of crude il fractions using Co-Mo/
Alz03 catslyst, The operating conditions are;
temperature  from 3607 to 3959 and pressure

100 kw'em®. An sutoclwve apparatus unit with
ocillation 200 rpm, has been nsed n these experi-
ments.

. EXPERIMENTAL

Crude ofl foctions (e vacuum distillate,
deasphalted odl, reduced crude oil and vacuum
resjdue as feedstock, purified hydrogene with a
purity 9% 5% by volume mmd tvpical hydrodesul-
furzation Co-Mo/Al; O catalve has been used in
these experinents,

The experimenl has been cmried out wsing
an auion;lave apparaius unit with oscilistion: 200
tpint, the meactor wolume: 500 o and the inskde
dizmeter of reactor: 10 cm. The reactor temperatore
wad  regulated automatically, Ligguid product
samples at differenmt 6 comlucl time have besn
taken for each feedstock, And sulfur content of
these [liguid products is analysed qv ASTM [
1551,

m. RESULTS

Hydrodesulfurizotion.  resction  of  wiouum
distillate, deasphalted o, reduced crude oil and
vacuum residue af  the  opersting temperaburc
375°C, i ploned as first order, ic. 8. l-l}:fﬁc =
I wniry om the Figure |, and as second order ie:
(1/S 1/S0) = f {t, hour) on the Figure 2. Base on
the siraight line of (1/5— 180} = £{i, hour) vn this

*) Fresensed papes on XI Simposio [ beroamisicana de calabaix, Goonsfist,
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Ftoure 2. the kitetic of hydrodesulftnzation
reaction of these crude oil fractions is agree with
the second order of resetion,

Arrhenius plol of rete constant of hydrode-
sullurizition reaction, ie. log & = § {1/TK), of
vacumm distillate; deaphalted | oil, reduced  erode
cil gnd vacuum residue s plotted on the Figure
3, And the schivation enemy. (B} of hyd rodesulin-
rication reastion of veoiam destiflate, dessphalved
oil, reduced crude oil and vactum Tesitue are
obinined E = 19.3; 232, 270 and 294 kal{male
tespectively.

The seaction moie of hydrodesulfurization of
those erude il fractions are obiained as Tollows:

Vacawm distillate

(115 I..'Sn_ﬁ-.j_s.;;lmm p13a/RT
Deysphalied oil :

(1/8=1{5 )= 13210 2328 Ty
Reduced crid afl :
(1/S=1/5,)=138.10" ¢ TOIRT y

Vacoum restdus
(1/5= 115 )= 1.16.10" o IWAIET oy

Correlation  between wiscosity al S0°C and
conradson carbon number of feedstock, mmd the
scitvation energy of hydrodesulfurization is plotted
on the Figure 4, Observed activation coergies of
hydrodesulfurization reaction of those four types of
erude oil fractione fncregae with Both visocosiny
and conradson carbon mumber of  feedstocks.
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Figure 1. Influence of contact time (t) on the
reaction date of hyvdrodeulfurization,
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Figere 2, Influence of contact time {t) on the
reaction rate of hyvdrodesslfurization of
vacum distilate, degsphalted ofl, reduced
ecrude ofl and yacuum residue,
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Figure 3. Hydrodesulfurization reaction of vacuum
distillste, deasphalted oil reduced crude

ofl and vaeuum residue,
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IV, DISCUSSION

Resction rate of hydredesulfurizaton of sulfu
compounds degends on the s ructi e and complexity
of these sulfur molceules (3), The reaction order
of the pore sulfur compound is closed 1o one (3
Due tor the crude oil lractions, containing variesus
typical of sulfur compunds {4) 2) which have
difference in resction rate of hydrodesulfurizy tiom,
thus the total arder of the hydrodesulfurization
reaction mafe of these crude oll Tractions will be
second order,

High activation energy of hydmodesulfurization
reaction of heavy feedstock sugpest that thess
heavy feestock contsin more complex molecufar
structure {5) and high viscosity of sulfur compinds,
which lwve a low reaction rute of hydrodesulfu.
rzalion,

As asphalthene acts ss o catalyst podsun, the
heavy (eedstock containing high asphaliene conten,
i.e, reduced crude oil and vacuum residue has o low
reaction rate comstant of hydrodess [ furization,
And hydrodesulfurization resction rate of crude
ofl fractions which free In asphaithene COTpraaLn
ie. vacuum distillate and deaphalied ofl i high.

The nature of the metals of organo metallic
compounds containing in the crude ofl fractions is
very important determinat in the metals deposition
process, and the subsequent effec) on catalyst
activity, Small molecules of this organo metallic
compinds may have more secoes in entering ihe
cufalyst poves, but metals saturalion dug v pore
Flugging of high organo metallic muolecules may
Irmply less hydrodesulfurizstion aclivity (&),

Employing small pore catalysts on light feed
ot large pore catalysis on heavy feeds, it can ba
suggosted that metul deposited will be formed, a
lower levels sl catalyst surfaca, The combinaijon
of heavy molecules and small pore muy  Hmit
diffusion and decrease the depth of metals pene-
traliom into the pariicls,

The hydrodesuliurization reaction rate of
crude oil fractions was found to be depended on
the composition of Co-Mo/Al; 0y catalysis [7.8),
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Figure 4. Correlation between viscosity a1 50°C,
conmdsoncarbon number (CCR) of
lredstock and activation energy of
hydrodesulfurization reaction,

¥. CONCLUSIONS

Hydrodesulfurization  resctions  of  vacuum
disiillate deasphalted oil, redweed crude oil and
vacwum residue have second onder.

High ssphalihene content and high viscosity
of crude ofl fractions has & Tow lis el rodesulius-
ration repction rte.

The hydrodesulfurization procsss depends on
the chemical effects of form of the ongimally found
sulfur, the wdze of tha molecules,  physics] ind
chemical effects of the suppOT,

The optimum hydrodesulfurization reac jon
rate of crude oil fractions can be obigined by
varlation of olher operting conditions and
composition of Co.Mo/ Al O cutalyst
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