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1. Introduction

Abstract. The effect of two different crystal species of alumina on the hydrodesulfur-
ization activity of the corresponding CoMo catalysts was studied. Cylindrical extruded
alumina with two different crystal structures, i.e., 7-AloO3 and 6-Al;O3, was prepared
using boehmite and nitric acid as a peptizing agent by calcination at 550°C and 900°C,
respectively. AlyO3 supports were impregnated with 9 wt.% of Mo and 2 wt.% Co
by an incipient wetness impregnation method. CoMo/Al,O3 catalysts were used for
hydrodesulfurization (HDS) and hydrodenitrification (HDN) of Iranian Straight-Run Gas
Oil (ISRGO). The supports and catalysts were characterized by nitrogen adsorption-
desorption isotherm, XRD, UV-vis-DRS, TPD, TPR, CO chemisorption, and ICP-OES.
The HDS activity of CoMo/v-Al;O3 catalyst was higher than that of CoMo/6-Al;O3 and
was found to be 95.74%. This result was obtained from the formation of larger CoMoO4 and
MoOj crystals in CoMo/6-Al,Og catalyst, thus reducing the active metal phase dispersion
and the performance of the catalyst. The HDS activity of CoMo/v-Al;O3 catalyst was
remarkable as the metal content of the catalyst was low. The HDN activity of CoMo/~-
Al,O3 was also about 66%.

(© 2019 Sharif University of Technology. All rights reserved.

emission treatment catalyst will be poisonous, and the
corrosion of the internal combustion engines will be

Hydrodesulfurization is a significant process in the
refining industry. The quality of available crude oil has
been decreasing year by year with a severe increase in
sulfur and nitrogen contents [1-3]. Critical atmospheric
pollution results from the presence of sulfur-containing
compounds in transportation fuels. SO, originates
from the combustion of sulfur compounds, leading to
the formation of acid rain [4]. Moreover, the exhaust
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promoted in the presence of SO, [5-7]. In addition,
further conversion of heavy liquid hydrocarbons to
more valuable products in terms of feasibility and
economy depends on the quality and sulfur contents
of the feedstock, indeed. On the other hand, environ-
mental regulations necessitate limiting the amount of
the sulfur component present in the fuel [8-13]. As a
result, a decrease in sulfur content of refinery feedstock
and fuel products is of environmental and industrial
importance in the petroleum refining industry [14-18].

The conventional HDS catalysts can reduce a
significant fraction of the high sulfur of raw middle
distillate to 350-500 ppm. Ultra-low sulfur content can
be achieved by an improved HDS catalyst or a two-
stage process concept. The bulk of the sulfur content
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is removed in the first stage, and the HDS activity is
about 91%. It is important to note that the metal
content of these catalysts is about 25 wt.%, which is a
high metal load. The hydrotreated product is then fed
to the second reactor in order to perform ultra-deep
desulfurization [19-20].

Alumina is the most common support used for hy-
drotreating catalyst because of its acceptable mechan-
ical and intrinsic acid-base properties, low-cost prices,
and tunable surface physicochemical properties [21-26].
The influence of the nature of the alumina support
on the catalyst activity in HDS of straight-run gas oil
was scarcely reported. Li et al. studied the activity of
catalysts, prepared by incipient wetness impregnation
of Co and Mo supported on two kinds of alumina in
the HDS reaction of thiophene [27]. They found that
lower interaction between the support and the active
phase led to an increase in the activity. The comparison
between three different alumina supports and various
deposition methods with different Co precursors was
reported by Laurenti et al. [28]. Different prepared
catalytic systems were tested in HDS reactions of
thiophene and 4.6-dimethylbenzothiophene. The re-
sults reflect that d-alumina supported CoMoS catalyst
was the most active CoMoS catalyst for the HDS of
thiophene and 4,6-dimethylbenzothiophene. This was
mainly attributed to better dispersion of the active
phase on that support and lower interaction between
the active component and the support surface.

In the present paper, the cylindrical extruded
alumina support was calcined at two temperatures,
i.e., 550°C and 900°C, in order to survey the effect
of the nature of alumina support on metal-support
interaction and acidity of the catalyst. The activity
and performance of the catalysts were evaluated in the
hydrodesulfurization of ISRGO. Nitrogen adsorption-
desorption isotherm, XRD, UV-vis-DRS, TPD, and
TPR were employed for the characterization of these
catalysts.

2. Experimental

2.1. Materials

Ammonium heptamolybdate (NH4)6Mo7094.4H50),
cobalt acetate (Co(CH3COO).4H50), citric acid
(C¢HgO7.H50), and nitric acid were used in the experi-
ments. All materials were prepared by Merck Company
and used without any purification. Boehmite (surface
area: 275 m?/g, pore volume: 0.71 c¢cm?/g, and pore
diameter: 10.34 nm) was supplied by Iranian Institute
of Research and Development in Chemical Industries.

2.2. Catalyst preparation

The extruded alumina support was prepared by the
peptization of boehmite with nitric acid solution
(3 wt%). The paste was kneaded and extruded. The

resultant extruded alumina was dried at 110°C for 12 h.
Then, calcination of the extruded alumina at 550°C for
4 h and at 900°C for 2 h in air resulted in y-alumina
and é-alumina, respectively. The final support had a
cylindrical form with an average diameter of 2.5 mm
and a length of 4-6 mm. The bimetallic compound for
catalyst preparation was synthesized via dissolution of
citric acid of 0.234 mol and ammonium heptamolyb-
date of 0.328 mol in water. The solid cobalt acetate
was added to this solution in proportion equivalent to
the ratio of Mo/Co=2 atomic [29]. CoMo/v-Al,O3 or
CoMo/6-Al, 03 catalysts with the same loading of 2
wt.% CoO and 9 wt.% MoOg3 were prepared by the
incipient wetness impregnation of extruded alumina
with a rose-colored clear aqueous solution of bimetallic
complex. The wet impregnated extruded catalyst was
dried at room temperature and, then, at 110°C for 12 h.
Mo and Co contents of catalysts were kept constant at
9 wt.% of MoO3 and 2 wt.% of CoO.

2.3. Catalytic activity test for ISRGO
hydrodesulforization

The HDS activity tests were carried out in a continuous
trickle-bed reactor. Straight-run gas oil with the total
sulfur content of 0.94 wt% was used as the feedstock.
The feedstock properties are shown in Table 1. In a
typical run, 7 ml of the catalyst was loaded into the
reactor. Silicon carbide was also loaded into both ends
of the reactor as inert support of the catalyst bed.
The schematic of the activation process is presented
in Figure 1.

FEach hydrodesulfurization experiment was per-
formed for 3 days at 7 MPa, T = 370°C, LHSV =
2 h~!, and Hy/feed volume ratio of 174.

The total sulfur content of hydrodesulfurized
product oil samples was analyzed by X-Ray Fluores-
cence spectrometry (XRF).

The % HDS activity of the catalysts was obtained
by the following formula:

HDS activity (%) =
[1-sulfur content of product/sulfur content of feed]

% 100. (1)

2.4. Catalyst characterization

2.4.1. Elemental analysis

The elemental composition of the catalysts was deter-
mined by the inductively coupled plasma optical emis-

Table 1. Properties of feedstock (ISRGO).

Density (g/cm®) at 15°C 0.86
Sulfur content (mass %) 0.94
Nitrogen content (mass %) 0.03
Initial boiling point (°C) 171.4
Final boiling point (°C) 371.7
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Figure 1. Schematic of activation process of HDS catalyst.

sion spectroscopy (ICP-OES) Varian 730-ES (Amer-
ica).

2.4.2. Textural properties

The specific surface area, pore volume, and pore
size distribution of extruded alumina before and after
impregnation were obtained from nitrogen adsorption-
desorption isotherms, determined at —196°C with Bel-
sorp min IT apparatus. The alumina and impregnated
alumina were degassed at 300°C and 150°C for 5 h,
respectively. The specific surface area of the samples
was calculated according to Brunauer-Emmett-Teller
(BET) method, and the pore size distribution and
total pore volume were determined from the adsorption
branches of the corresponding nitrogen isotherm by the
Barrett-Joyner-Halenda (BJH) method.

2.4.8. Crushing strength

The crushing strength of the extruded alumina was
determined by measuring the breaking force for a
sample compressed between two parallel plates using
a Santam STM-20 (Iranian) machine according to
ASTM D 6175. The Side Crushing Strength (SCS)
was calculated through the following equation:

SCS =F/L, (2)

where F' is Force (N), and L is the length of the
extruded catalyst (mm). In the Lateral Crushing
Strength (LCS) measurements, the cross-sectional area
of the granule was taken to be S = DL, where D
is the granule diameter (cm) and L is the granular
length (cm):

LCS =F/S. (3)
2.4.4. Ultraviolet visible diffuse reflectance

spectroscopy (UV-vis DRS)
UV-vis DRS spectra were collected in air on an

Avaspec-2048-TEC in the wavelength range of 200-
1100 nm using BaSO, powder as a reference.

2.4.5. X-ray diffraction

X-Ray powder Diffraction (XRD) patterns were taken
at room temperature on a STEMENS D-5000 in the
range angle from 5 to 70 degree using Cu Ka radiation.

2.4.6. Temperature-programmed desorption of
ammonia (NHs-TPD)

The acidity of the oxide catalysts was analyzed by
Temperature-Programmed Desorption (TPD) of am-
monia with a Micrometrics 2900 apparatus provided
with a Thermal Conductivity Detector (TCD) and
interfaced to a data station. A sample of 20 mg was
outgassed in a He flow at 573 K for 1.5 h. In the next
step, the catalyst was saturated with ammonia at 353 K
for 30 min. After equilibrium, ammonia desorption was
done by heating the catalysts at a linear temperature
ramp of 10°C /min from 25°C up to 750°C.

2.4.7. Temperature-programmed reduction (Hy-TPR)
The reduction behavior of the oxide catalysts was
studied by TPR on a Micrometrics 2900 apparatus
provided with a TCD and interfaced to a data station.
In this respect, 50 mg of the calcined catalyst was
heated at a linear temperature ramp of 10°C /min from
25°C to 300°C and kept for 90 min under a He flow to
remove water and other contaminations. The catalysts
were cooled to ambient temperature in the same He
flow. The reduction was carried out in a 5% Hs in
argon and heated at a rate of 10°C/min to the final
temperature of 750°C.

2.4.8. CO chemisorptions
Pulse CO chemisorption was
NanoSORD NS91 (Sensiran, Iran).

measured with
A sample was
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pretreated under Hy flow at 350°C in the presence of
H, for 6 h. The sample was cooled down to 35°C;
then, CO chemisorption analysis was performed by
introducing a successive pulse of 10% CO in He.

3. Results and discussion

Cobalt and molybdenum contents of the calcined cat-
alysts, determined by the inductively coupled plasma
optical emission spectroscopy, are given in Table 2.
The textural properties, such as specific sur-
face area, pore size distribution, pore volume of the
supports, and corresponding CoMo catalysts, were
evaluated by nitrogen adsorption-desorption isotherms,
and these physical characteristics are presented in
Table 3. The Ny adsorption-desorption isotherm of
the ~-alumina support and its catalyst are attributed
to IV type (Figure 2). The nitrogen isotherm of the

Table 2. Composition of fresh catalyst oxide.

Composition (wt.%)*

Catalyst
COO MOO3
CoMo/~-Al,03 2 9
CoMo/6-Al2 03 2 9

® These nominal values have been confirmed by

ICP-OES and found to be in close agreement.

v-Al203

————— CoMo/~-Al2 03

V,/em?® (STP)g™?!

T
0 0.5 1
P/Py

Figure 2. N, adsorption-desorption isotherms of 7-Al»Og
and CoMo/~-Al;O3 catalysts.

samples reveals a hysteresis loop of H1-type, confirming
the presence of cylindrical pores in the support and
catalysts [30]. The form of pores for the support and
catalyst is similar, because the hysteresis loop does not
change after impregnation.

The effect of metal impregnation on the textural
properties of v-AlyO3 can be obtained by comparing
their Ny adsorption-desorption isotherms with that of
pure support. In Figure 2, a decrease in the amount of
adsorbed nitrogen is observed after the impregnation
of Co and Mo on the support, resulting from the metal
oxides species formed within the inner porous structure
and on the support surface. The preservation of hys-
teresis loop shape for CoMo/~-Al, O3 catalyst confirms
that there is no plugging of mesopores and, also, no
changes in the support structure after impregnation.

N, adsorption-desorption isotherms of 6-AlyO3
and CoMo/6-Al,O3 are presented in Figure 3 that
exhibit the characteristics of type-IV isotherm. The
hysteresis loop of v-AlyO3 shifts from the uptake of
nitrogen at a relative pressure P/P0 of 0.5 to 0.7 in é-
Aly03, indicating the presence of larger pore diameters
in 8-Al;03. The amount of adsorbed nitrogen is
increased upon incorporation of metal into 6-Al;Os3,
implying that the impregnation of 6-Al,Oj3 increases
the specific surface area and pore volume significantly

(Table 3). This phenomenon may result from the
1200
v-Al203
_____ CoMo/é-Al 03
1000 ,/"
’r
71
~ 800 /711
o /
o (]
5 600 - I' /
“ ()
5 1/
; 400 - l,l
”l’
-
200 - —
— "
0 1
0 0.5 1

P/P,

Figure 3. Ny adsorption-desorption isotherms of 6-AlyO3
and CoMo/6-Al;, O3 catalysts.

Table 3. Textural properties of supports and fresh catalysts.

Sample BET surface Total pore Average pore BJH pore
area (m?/g) volume (cm?®/g) diameter (nm) diameter (nm)

v-Al>O3 240.49 0.5062 8.94 5.42

CoMo/~-Al;03 204.24 0.4059 7.94 6.18

6-Al> O3 153 0.46 12 8

CoMo/6-Al2 03 556 1.6 11.5 8
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formation of metal oxides particles in the pores that
led to an increase in surface area and pore volume.

The addition of Co and Mo to v-Al;O3 leads to a
decrease in surface area and pore volume. The pore size
calculated by BJH method reflects an increase in the
pore diameter. Impregnation may initially block small
pores and produce an increase in an apparent average
size of unblocked pores. This phenomenon shows a
decrease in average pore size with impregnation, as
presented in Table 3. On the other hand, CoMo/é -
Al, O3 demonstrates significant textural changes during
the catalyst preparation. A 3.6-fold increase in specific
surface area is observed, which can be explained by the
contribution of the active phase to the total specific
surface area.

The pore volume in different pores is presented in
Table 4. The pore volumes of v-Al,O3 and 6-Al, O3
derived from pores larger than 10 nm were about 36%
and 64 %, respectively. These results showed that
calcination at high temperatures increased the pore size
of alumina. The volume of pores between 10-20 nm in
6-Al, O3 is seven times greater than that of y-AlyOj3.
The pore volume of all pore ranges increases after
impregnation of 6-Al; O3, which indicates the formation
of a new porosity phase.

Figure 4 shows the pore size distribution of
alumina supports and catalysts. It is observed that
the pore size distribution of 6-Al; O3 is tri-modal at
5, 8, and 12 nm; however, v-Al,O3 shows bi-modal

0.06

~v-Al2 03
0.054d »  |----- CoMo/~-Al2 03

1559

behavior at 5 and 8 nm. Calcination at 900°C increased
the pore diameter of the support. The impregnation
of 7-Aly03 reduced the intensity of the pore size
distribution curves due to a decrease in the number of
pores less than 5 nm in diameters (Figure 4(a)). The
intensity of pore size distribution of CoMo/é-AlyO3 is
higher than that of §-Al;0j3, indicating an increase in
the surface area and pore volume after impregnation,
as summarized in Table 3. The main reason for this
phenomenon is not obvious; however, it is assumed that
the metal component increases surface roughness and
forms particles of metal oxides in larger pores without
plugging and introducing new pores. Lower activity of
CoMo/6-Al;03 catalyst may be due to the enhanced
formation of large CoMoO, crystals, as noticed from
XRD, causing loss of Mo dispersion and, on the other
hand, requiring higher temperature for sulfiding.

The side and lateral crushing strengths of the
extruded 7-Al,O3 were 9.3 N/mm and 435 N/cm?, re-
spectively, which is much higher than 329 N/cm? of the
sample reported by Parkhomchuk et al. [31], 360 N /cm?
reported by Laurer [32], and 97 N/cm? reported by
Wassermann and Meyer [33]. This difference is possibly
due to various preparation details and characteristics
of starting materials.

The diffuse UV-visible reflectance spectra of cat-
alysts are depicted in Figure 5. The intense adsorption
band at about 200-400 nm could be commonly assigned
to the Charge Transfer (CT) transitions, i.e., oxygen

§-Al203
COMO/ §-Al203

dV, /dr,

Figure 4. Pore size distribution of alumina supports and catalysts.

Table 4. Distribution of pore volume in different pore diameters.

Sample Pore volume distribution in different pore diameters (ml/g) Total pore
0-3nm 3-5nm 5-10 nm 10-20 nm 20-30 nm +30 nm volume (ml/g)
v-Al>03 0.0229 0.0819 0.2204 0.1135 0.0246 0.0476 0.5109
CoMo/v-Al;03  0.0176 0.062 0.1715 0.0881 0.0217 0.03873 0.3996
6—Al>03 0.0018 0.0243 0.14 0.2094 0.0369 0.047 0.4595
CoMo/6-AlO3  0.0068 0.0571 0.4523 0.7092 0.2101 0.1429 1.5784
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Figure 5. DRS UV-vis of CoMo/v-Al;O3 and CoMo/6-Al;Os3.

ligand to molybdenium ions (Mo®*) of both tetrahedral
and octahedral species [34-36]. In addition to MoS*
CT that appeared in the UV region, the visible spectra
of the catalysts exhibited band in the range of 450-
700 nm associated with Co species. Both CoMo/y-
Al,03 and CoMo/6-Al; 03 showed a triplet broadband
in the range of 450-750 nm (545, 580-595, and 630 nm),
which can be attributed to d-d transitions of inactivate
tetrahedral cobalt (IT) ions in CoAlO,4. The intensity of
the peak at 630 in CoMo/~-Al,O3 was lower than that
of CoMo/$-Al, O3, indicating an increase in the amount
of catalytically active cobalt species in CoMo/7y-Al,O3
catalyst. The maximum peak at 750 nm is ascribed to
octahedral Co?* species, which was in both forms of
the catalysts [37]. CoMo/6-Al,O3 exhibited a band
at 520 nm and a shoulder at 680 nm. The band
at 520 nm belongs to the characteristic peak of d-d
transition of high spin octahedral Co?* complexes in 3-
CoMoOQy. The shoulder at 680 nm can be attributed to
d-d transitions of Co?* ions in tetrahedral coordination
in 00304 [38]

Figure 6 shows the wide-angle X-ray diffraction of
~v-Al, O3 and CoMo/7v-Al,O3. The XRD pattern of the

4 ALO,
—— CoMo/~-Al2 03

3
&

2

‘B

a

2

g

= [ )

[ )
0 10 20 30 40 50 60 70

26 (degree)

Figure 6. X-ray diffraction patterns of y-AloOs and
CoMo/~-Al;Os.

support is similar to v phase. No obvious peaks in the
crystalline form of CoMoO,4 were observed in the XRD
pattern of CoMo/v-Al503, indicating that Co and Mo
species were highly dispersed over v-Al,O3 [5].

The diffraction peaks of §-Al;O3 (Figure 7) are
more intense and narrower than those of v-Al,Os,
demonstrating better crystallinity. The observed pat-
terns could be attributed to the presence of §-phase due
to the separation of reflexes 220 and 400 [31]. Following
the loading of cobalt and molybdenum, the peaks at
23.4, 26.2, and 27.4° are observed in the XRD pattern.
The diffraction peaks at 23.4 and 26.2 are assigned to
the crystalline CoMoO,4 phase. The peak at 20=27.4
can be attributed to the presence of MoOj3 phase [37,39-
40]. Tt can be concluded that the catalyst supported on
~v-Al, 03 had a higher dispersion of CoMoO,4 phase than
that of 6-AlxOg, thus preventing the formation of large
crystalline MoO3 and CoMoO, phases. The absence of
any metal oxide diffraction peak ensured that CoMo/~-
Al;O3 catalyst tended to contain small metal particles
of crystal sizes below the detection limit of the XRD.
The XRD results are in good agreement with the DRS
results.

§—A1203 %
_____ CoMo/§-Al; O3 § N
= l
=
—_ — l
~ . NN
3 = R
s B
= 0
Z
g
a
(9]
: 0
0
00 '
o o
0 10 20 30 40 50 60 70

20 (degree)

Figure 7. X-ray diffraction patterns of 5-AlsO3 and
COMO/(S—AIQOg.
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Figure 8. TPD-NH; profiles of the calcined catalysts.

The TPD of ammonia, profiles provides necessary
information about the acidity of the catalysts. The
low desorption temperature peak is attributed to the
desorption of ammonia over weak acidic sites, and
the high desorption temperature peak corresponds to
the desorption of ammonia from strong acid sites
[41]. NH;-TPD profiles of catalysts are presented
in Figure 8. The total acidity and the acid sites
distribution of calcined samples, expressed as mmol
of desorption NHj3 per g of catalyst, are reported in
Table 5.

In Table 5, the weak, strong, and total acid sites
follow the trend: CoMo/vy-Aly03>CoMo/d-AlyOs.
The strong acid sites have been significantly dropped
by increasing the calcination temperature of the sup-
port, which is in good agreement with literature re-
sults [42-44]. This correlates with the ratios of the
support surface area and their dehydroxylation during
the calcination.

The metal-support interaction and redox behavior
of the oxide catalysts can be obtained by TPR tech-
niques. The TPR profiles of the calcined catalysts are
displayed in Figure 9. The CoMo/v-Al,O3 catalyst
showed the reduction peak at around 539°C, which
was due to a reduction in CoMoOy, [37,40,45-46]. This

CoMo/~v-Al2 O3
COMO/(S-Alg 03
5
&
Ei
3
‘®
=
(sl
=
T L] L} 1
0 200 400 600 800

Temperature (°C)

Figure 9. TPR profiles of the oxide catalysts.

peak shifted to higher temperatures around 570°C
for CoMo/6-Al, O3, indicating that the metal-support
interaction increased and the dispersity of Mo and Co
oxide species reduced [5,47]. The higher dispersion
of metal component promoted the reduction of Mo
species, thus decreasing the reduction temperature in
CoMo/y-Al,O03. The Hy uptake values were calcu-
lated (Table 6) in order to evaluate the corresponding
hydrogen consumption. The CoMo/é-Al, O3 catalyst
consumed 1.5-fold Hy regarding CoMo/~-Al; O3, which
indicated the larger amount of CoMoO, phase forma-
tion on the surface of 6-Al,O3. The wide peak from 500
to 700°C can be attributed to the first step of MoQO3
reduction to MoOy (MoS* to Mo**), whereas the hy-
drogen consumption at temperatures above 700°C can
be ascribed to the reduction of MoOs to MoO [48-49].
The peak at about 460°C for CoMo/6-Al; O3 has been
attributed to the bulk cobalt oxide reduction, while the
absence of that in CoMo/~v-Al,O3 demonstrated better
dispersion of Co and Mo species [5].

Table 5. Acidity of the CoMo oxide catalysts as determined by NH3-TPD.

Strength of acid sites (mmol NHjs/gcat)

Catalyst Weak Strong Total
(T < 300) (T > 500°C)

CoMo/~-Al,03 0.8046 0.7088 1.5134

CoMo/6-Al2 03 0.6390 0.2464 0.8854

Table 6. H, uptake (from TPR) for calcined catalysts.

H; uptake (mmol/gcat)

Catalyst
First peak Second peak Total
CoMo/~-Al> O3 0.3797 0.6049 0.9846
CoMo/6-Al2 03 0.6229 0.6420 1.2649




1562

M. Zarezadeh-Mehrizi et al./Scientia Iranica, Transactions C: Chemistry and ... 26 (2019) 1555-1565

Table 7. CO uptake parameters of CoMo-alumina catalysts.

Sample Metal Metallic surface area Crystallite size CO adsorbed
dispersion (%) (m?/g of metal) (nm) (pmol/g)
CoMo/~-Al> O3 15 74 9 38
JoMo/6-Al; O3 11 55 12 28

Table 8. Sulfur and nitrogen content of feedstock and product and HDS and HDN activity of catalysts in hydrotreating

tests.
Sulfur content HDS% Nitrogen content HDN%
Sample
(ppm) activity (ppm) activity
Feedstock 9400 - 300 -
Product of CoMo/y-Al;03 400 95.74 100 66.67
Product of CoMo/§-Al2O3 3098 67.04 200 33.33

The CO chemisorption values of the oxide cat-
alysts are included in Table 7. It can be seen that
the metal dispersion and quantity of CO adsorbed
of CoMo/~v-AlyO3 are higher than those of CoMo/é-
Al,O3.

The test results of the prepared catalysts in
HDS and HDN of ISRGO are presented in Table 8.
The HDS and HDN activity of CoMo/v-AlyO3 is
much higher than that of CoMo/6-Al,O3. The higher
activity of CoMo/v-AloO3 can be attributed to the
lack of the formation of large crystalline CoMoOy
phase in CoMo/~-Al,O3 catalyst according to the
XRD patterns of catalysts and better dispersion of
Co and Mo. This is confirmed by CO chemisorptions
analysis results. It has been reported that catalysts
containing CoMoO, are more difficult to sulfide and
exhibit lower HDS activity [39]. On the other hand,
Co and Mo species were mainly dispersed on the
surface of the smaller mesopores, while the smaller
mesopores were reduced in the prepared 6-Al;O3 based
on N, adsorption-desorption isotherms. In the 6-
Al, O3 support, the increase of large mesopores and
macropores enhanced the diffusion rate of feedstock
molecules into these pores so that the HDS activity
of the catalyst fell down significantly in comparison
with 4-Al;O3. It is possible that although the activity
of 6-Al,O3 supported sulfide catalyst is higher than
that of the v-Al,O3 supported catalyst in the HDS of
model sulfur containing compounds, they are not good
candidates for HDS of the real gas oil fraction.

4. Conclusion

The cylindrical v-AlyO3 and 6-Al,O3 supports with
surface areas of 240 and 153 m? /g, pore volumes of 0.5
and 0.46 cm? /g, and average pore diameters of 8.94 and
12 nm were prepared by extrusion of peptized boehmite
paste calcined at 550 and 900°C, respectively. The

preparation of CoMo/alumina catalysts was carried out
by the incipient wetness impregnation method with
a clear purple aqueous solution of bimetallic complex
compound prepared by ammonium heptamolybdate,
cobalt acetate, and citric acid as a chelating agent.
The catalyst contains 2 wt% Co and 9 wt% Mo. The
prepared CoMo/alumina catalyst was used for the
hydrodesulfurization and hydrodenitrification (HDN)
of ISRGO. It was found that CoMo/v-Al,O3 and
CoMo/6-Al, O3 catalysts could reduce sulfur content
of ISRGO from 9400 ppm (0.94 wt%) to 400 ppm
(0.04 wt%) and 3098 ppm (0.3098 wt%) in the product,
respectively. Lower activity of CoMo/é-Al, O3 catalyst
may result from the enhanced formation of large
CoMoOy crystals, as noticed from XRD, causing loss
of Mo dispersion and, on the other hand, requiring
higher temperatures for sulfiding confirmed by CO
chemisorptions’ results. The produced catalyst with
a low metal content of about 11 wt.% may be a good
candidate for the bulk sulfur reduction in the first stage
of the HDS process with HDS activity of about 96%
for ISRGO, and the remaining sulfur content can be
removed in the second stage.
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