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a b s t r a c t

Ultra-dispersed catalysts give an improvement over the main reactions activity by having a low deactivation rate. They

provide as well other advantages like a diminution in the catalysts metal concentration, a reduction in contaminants

and also these catalysts can be used in almost every area where heterogeneous catalysts are used. Catalysts synthesis

optimization is important to improve process recovery, especially in hydrocracking/hydrotreating processes, where

feedstock is vacuum residue. Here, we have evaluated the catalytic performance of two molybdenum–nickel catalysts

prepared using different emulsion formulation, named E-T (base catalyst) and AT-48 (new catalyst). Our results

showed that, the percentage of converted products for VR 500 ◦C+, asphaltenes and microcarbon are comparable for

both E-T and AT-48 catalysts, despite the fact that for the latter a lower molybdenum concentration was used. In

addition, post-catalytic particles analyses using SEM and TEM techniques demonstrated that AT-48 catalyst showed a

non-aggregated and homogeneous narrower distribution of metallic particles than E-T one. The lower average particle

size distribution is related to the improvement of the liquid product yields for the hydroconversion of Mery/Mesa VR
using the AT-48 catalyst.

© 2012 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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phase (Intevep, 2000). PDVSA Intevep has been develop-
. Introduction

he use of ultra-dispersed catalysts becomes an ideal alterna-
ive to treat heavy feedstocks and petroleum residues because
igh dispersion of metallic species is obtained. Therefore, an
levated activity toward main reactions of interest (Panariti
t al., 2000a,b; Marchionna et al., 1994), are reached because
f a high ratio area/volume. It is known that heterogeneous
atalysts also have a high activity, but in addition they have
high deactivation rate which reduces their use in processes

hat work with high quantities of contaminants.
Ultra-dispersed catalysts can be classified as: heteroge-

eous and homogeneous depending on their miscibility under
eaction conditions. Homogeneous catalysts can be divided

n soluble compounds in aqueous phase or in organic phase.
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Heterogeneous solids are introduced to the process through
dry dispersion of the catalytic solid or precursor, finely divided
into the crude (Ren et al., 2004; Thompson et al., 2008). Main
disadvantage of heterogeneous solids is that they have a lower
activity and generate by products of difficult handling.

In addition, soluble metallic precursors are highly reac-
tive, but they have an elevated cost to be use at high scale.
In the other hand, soluble compounds in aqueous phase are
injected to process as catalytic emulsions, with the advan-
tage that these precursors are cheaper in comparison with the
organometallics.

Currently, new technologies aim to use ultra-dispersed cat-
alysts, prepared from metallic precursors soluble in aqueous
raujo).
ccepted 16 April 2012

ing technologies in order to obtain deep conversion for

neers. Published by Elsevier B.V. All rights reserved.

http://www.sciencedirect.com/science/journal/02638762
www.elsevier.com/locate/cherd
mailto:noguerags@pdvsa.com
mailto:araujosc@pdvsa.com
dx.doi.org/10.1016/j.cherd.2012.04.006


1980 chemical engineering research and design 9 0 ( 2 0 1 2 ) 1979–1988

Nomenclature

A absorbance
b path length of the cell (cm)
BC base concentration (ppm)
Cx concentration of anion x (M)
X500 ◦C+ vacuum residue 500 ◦C+ conversion (wt%)
Xasphaltenes asphaltene conversion (wt%)
εx absorption coefficient of anion x (M−1 cm−1)

Table 1 – Properties of feedstock VR Merey/Mesa.

Parameter Merey/Mesa

Gravity API at 60 ◦C 5
Carbon (wt%) 84.3
Hydrogen (wt%) 11.05
Total sulfur (wt%) 3.28
Nitrogen (wt%) 0.76
V (ppm) 432
Ni (ppm) 104
Asphaltenes (n-C7 insolubles) (wt%) 18.71
Asphaltenes (IP-143) (wt%) 19.3
Toluene insolubles (wt%) 0.122
Microcarbon (wt%) 21.7
TAN (mg KOH/g) 0.65
Kinematic viscosity at 100 ◦C (cSt) 18,936
Kinematic viscosity at 135 ◦C (cSt) 1299
Ashes (wt%) 0.019
Saturates (wt%) 13
Aromatics (wt%) 41
Resins (wt%) 31
Asphaltenes (wt%) 15
Residue 500 ◦C+ (wt%) 96.3

Table 2 – Properties of HVGO Merey/Mesa.

Parameter Merey/Mesa

Gravity API at 60 ◦C 17.9
Carbon (wt%) 85.29
Hydrogen (wt%) 12.74
Total sulfur (wt%) 2.02
Nitrogen (wt%) 1826
V (ppm) 0.001
Ni (ppm) <1
Asphaltenes (n-C7 insolubles) (wt%) 0.1
Asphaltenes (IP-143) (wt%) <0.5
Toluene insolubles (wt%) 0.02
Microcarbon (wt%) 0.26
TAN (mg KOH/g) 1.33
Kinematic viscosity at 100 ◦C (cSt) 11.94
Kinematic viscosity at 135 ◦C (cSt) 4.317
Ashes (wt%) 0.0037
Saturates (wt%) 50
Aromatics (wt%) 46
Resins (wt%) 4
Asphaltenes (wt%) <1
valorization of heavy and extra-heavy crude oils of the
Orinoco Oil Belt (OOB). At this point in time, our technolog-
ical developments have been successfully tested in catalytic
transformation of different type of VR from OBB, reaching up
to 95 wt% of VR 500 ◦C+ conversion with a high yield to light
distillated products and low rejection to coke. These catalytic
formulations are based on emulsions w/o, prepared by an
aqueous phase dispersion of molybdenum and nickel in heavy
vacuum gasoil (HVGO), containing a surfactant. Molybdenum
aqueous phase Mo(VI), is an ammonium thiomolybdates solu-
tion, prepared in situ by sulfurization of a metal dissolution
with a sulfiding agent. This sulfurization of Mo(VI) dissolution
involves a series of consecutive reactions described in Eqs. (1)
and (2) (Harmer and Sykes, 1980). Thiomolybdates solution is
emulsified and injected at process, where the active catalytic
specie is generated in situ by thermal decomposition (Eq. (3)):

Mo7O24
6− + 4H2O ⇔ 7MoO4

2− + 8H+ (1)

MoO4
2− + 4H2S ⇔ MoOx−4S4

2− + H2O (2)

(NH4)2MoS4 + H2
�−→MoS2 + 2H2 + 2NH3 (3)

In this work, a study relating to the effect of the catalytic
precursors sulfurization grade on hydroconversion activity, of
two molybdenum–nickel dispersed catalyst formulations, for
the vacuum residue 500 ◦C+ Merey/Mesa, is presented. In order
to evaluate catalytic formulations performance, changes in
the operation conditions, regarding concentration of hydro-
gen sulfur in the reactor and additive particle size, were taking
into account.

2. Experimental

This section shows a feedstock, catalysts, additives and
products characterization; and also, a description of the exper-
imental procedure.

2.1. Feedstock

The vacuum residue 500 ◦C+ Merey/Mesa, was used as feed-
stock for the deep conversion process. This residue is a
mixture of 53% (v/v) Merey crude and 47% (v/v) Mesa crude.
The vacuum residue Merey/Mesa was characterized in accor-
dance with standard procedures and properties are listed in
Table 1.

2.2. Catalysts

The catalytic systems evaluated in this study, consist of two

ultra-dispersed catalyst from w/o emulsions of Mo/Ni dif-
ferentiated by the Mo metal concentration and pre-sulfide
treatment. In both cases, the active specie in these formula-
tions are generated in situ through thermal decomposition of
the emulsified system in a high pressure reduction environ-
ment.

Catalyst preparation had several stages. First stage con-
sisted in preparing a solution of Mo(VI), by direct dissolution
of ammonium heptamolybdate (AHM) in a sulfiding agent, at a
determined composition and temperature with constant stir-
ring. Two aqueous solutions were obtained, with differences
between the metal concentration and sulfurization pretreat-
ment.

The second stage consisted of dispersing each aqueous
solution with a HVGO-surfactant mixture. The HVGO proper-
ties are showed in Table 2. This mixture was homogenized
with mechanical stirring.

Two catalysts were synthesized. The first one was prepared
starting with a Mo solution partially presulfurated in solution.
This formulation is completely sulfurated after being emul-
sified. Second catalytic emulsion was prepared starting with

2−
a Mo solution, completely sulfurated, in where MoS4 was
maximized, without solids precipitation. The first emulsion
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Fig. 1 – E-T drop size distribution.
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Fig. 3 – Particle distribution, X = 19.9 �m.
as called E-T, while the sulfurated in solution was called AT-
8. Drop size distribution of catalytic molybdenum emulsions,
-T and AT-48, are shown in Figs. 1 and 2, respectively.

Due the catalyst is formed by a Mo/Ni mixture, a nickel
mulsion was prepared similarly to molybdenum emulsion
E-T). The nickel acetate tetrahydrated salt was dissolved in
his solution (with a specific concentration) and incorporated
n the organic matrix, which had been previously contacted

ith the surfactant. Both emulsion Mo and Ni are injected sep-
rated to the process avoiding precipitation of Ni. The active
pecie Mo/Ni is created in situ by thermal decomposition of the
mulsions.

.3. Additives

he conversion process applied in this study, uses an organic
dditive with the main finality of minimizing the formation of
oam in the reactor, controlling temperature, adsorbing con-
aminants (asphaltenes and metals) and possibly serving as a
upport for the active catalytic species for some of the chem-
cal reactions that take place in the reaction zone. In this test,
he additive was first sieved to adjust the average size of the
articles; two average sizes (X50) were used: 19.9 �m (Fig. 3)
nd 94.8 �m (Fig. 4).
Fig. 2 – AT-48 drop size distribution.
50

2.4. Pilot plant

The catalysts performance was tested using a pilot plant with
one reactor with a total volume of 1200 ml. This reactor has five
heating zones, in where five isothermic furnaces are placed.
The pilot plant has an additive injection system, a feedstock
and gas preheating systems, emulsion tanks, recycle and feed,
a high pressure high temperature separator, a three-phase
separator, heavy and light product tanks, and a sampling sys-
tem. The process flow diagram of this unit is shown in Fig. 5.

2.4.1. Pilot plant test procedure
Test procedures for evaluating the catalyst performance, using
both formulations (E-T and AT-48), were the same. Details of
the procedure are as follows (see Fig. 5).

VR is pumped continuously from the feedstock tank to
the preheater. This VR is previously mixed with the addi-
tive (<3 wt%), DMDS/Gasoil mixture (which acts as sulfiding
agent), emulsions and the preheated recycle gas (350–370 ◦C).
Emulsions injection is done sequentially, first molybdenum
emulsion is injected and then nickel emulsion. Average molyb-
denum experimental concentration respect to feedstock for
E-T will be referred as base concentration (BC), concentration
for AT-48 will be from 60% to 65% of BC, and nickel concentra-
tion is given by the ratio:

[Ni]
[Ni] + [Mo]

∼= 0.2 when working with BC (refers to E-T) (4)

[Ni]
[Ni] + [Mo]

∼= 0.3 when working with 65% of BC
(refers to AT-48) (5)

Fig. 4 – Particle distribution, X50 = 94.8 �m.
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Fig. 5 – Process flow diagram of the pilot plant.
At the preheater, mixture is heated until reaching a max-
imum temperature of 445 ◦C. In this preheater, molybdenum
emulsion is dehydrated, decomposed and sulfurizated, gen-
erating the active phase, MoS2, which is the reaction active
center inside of the reactor.

After the preheater, mixture is injected to the reactor. This
reactor has five heating zones monitored by thermocouples,
distributed equally in each zone, inside (thermowell in the
center of the reactor) and outside of the reactor (reactor wall).
This reactor is a bubble column reactor, which not uses any
internals to do phase distribution. Fluids in this reactor enter
at the bottom and flow cocurrent upwards. Temperature is
controlled by the difference in temperature measurements
between thermocouples inside and outside the reactor at the
same level.

Reactor product flows toward the high pressure high tem-
perature separator (330 ◦C and 2160 psig), where is separated
in two streams, top and bottom. At the top there are light prod-
ucts, H2S and NH3. This stream, also called hot separator top
(HST), is washed with H2O and then is sent to an exchanger,
in where light products are condensed. This stream, that also
contains gases and water, goes to a separation stage, where the
gas, sour water, and light products are separated and sent to
purge/recycle, light product tank and sour water tank, respec-
tively.
Bottom product from the high pressure high temperature
separator goes to the let-down valves, to reduce pressure, and

Table 3 – Operation conditions.

# Catalyst [Mo] [Ni]
[Ni]+[Mo] T (◦C

1 E-T BC 0.2 445
2 AT-48 65% BC 0.3 445
3 AT-48 60% BC 0.3 445
4 AT-48 60% BC 0.3 445
then to the heavy product tank, this product is also called
hot separator bottom (HSB). This stream contains unconverted
residue, organic additive, metals and coke that could be pro-
duced in the reaction zone.

In Table 3 operation conditions for each part of the test are
given.

Should be noticed that for conditions 1 and 2 recycle gas
was used and for conditions 3 and 4 only fresh hydrogen was
used.

2.4.2. Characterization
Light and heavy products were analyzed to compare cata-
lysts performance. Samples were taken following the same
procedure each time and especial care was taken for the bot-
tom product in order to obtain a homogenized sample. In
this case, constant nitrogen bubbling at the bottom of the
heavy product tank was maintained, in all stages of process.
For carrying out sampling, the first container was always dis-
charged, to avoid a high solid content in the sample due to
sedimentation and accumulation in the bottom of the tank.
Light products were taken, carefully, in glass jars that were
sealed after sampling to avoid lighters leak from the jar.

It should be noticed that it is beyond the scope of this arti-
cle analysis related to gas products, and for that matter results
taking into account gases are not shown in the following sec-
tions.
The catalysts and feedstock were sampled during the
whole test to ensure the stability of the emulsions, the metal

) P (psig) LHSV (h−1) Particle size
(�m)

2159 0.4 19.9
2159 0.4 19.9
2160 0.4 19.9
2159 0.4 94.8
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nd water concentration inside of the tanks and the organic
dditive concentration.

All samples were taken every 24 h after mass balance, was
losed. Results were taken as acceptable if the mass balance
ad a ratio percentage of massout/massin, around 100 ± 2%.

From each sample, a global product distribution was deter-
ined.

.4.2.1. Catalysts characterization. In this section it would be
xplained the catalyst characterization.

2.4.2.1.1. Quantification of the concentration of species
oxS4−x

2− formed in solution. Thiomolybdate-forming reac-
ions in solutions were monitored by UV–vis absorption
pectroscopy. However, the extensive overlap in the spectra
as hindered data from the UV–vis characterization. As a con-
equence, in order to make the accurate quantification of the
omposition of thiomolybdate mixtures, sample characteriza-
ion data was analyzed using the linear function. The spectra
ere recorded on a PerkinElmer model Lambda 35 Spectropho-

ometer, using 1 cm quartz cuvette and deionized water as the
lank solution.

Concentrations of individual thiomolybdate anions were
alculated based on the principle that total absorbances of

mixture at any wavelength is equal to the sum of the
bsorbance of the components at that wavelength. Beer’s Law
quations and the four thiomolybdate anions were calculated
y fitting these equations using multiple linear regressions
nd the experimental data obtained; molar absorptivity coef-
cients were taken from literature (Erickson and Helz, 2000).
he thiomolybdate anions concentration obtained for AT-48
as 50 wt% higher that E-T.

2.4.2.1.2. Particle size of UD catalyst and additives deter-
ination. Drop size distribution of catalytic emulsions was

etermined by optical microscopy, with a microscope Olym-
us BX51 (see Figs. 1 and 2). The organic additive particle
istribution, as dust, was determined using static laser
cattering particle size distribution analyzer Horiba (Partica
A-950 V2). Measurement range is between 0.1 and 3000 �m.
olid was dispensed using a vibrator feeding device (see
igs. 3 and 4).

2.4.2.1.3. Compositional analysis. The emulsion metallic
ontent (Mo and Ni), was measured by fluorescence spec-
roscopy X-ray, using a Panalytical device, model Axions Petro.
he samples were taken at the beginning and during the pilot
lant test in the stored tanks, after each mass balance was
losed.

.4.2.2. Feedstock characterization. The feedstock characteri-
ation was monitored by toluene insolubles during the test, to
ssure that a constant concentration of the organic additive
as pumped to the reaction zone. This measure was consid-

red for all conversion calculations.

.4.2.3. Light and heavy products characterization. Light prod-
cts were characterized using two laboratory test: API gravity
nd simulated distillation (ASTM D-2887). The character-
zation of the heavy product was carried out using six
aboratory tests: API gravity, toluene insolubles, asphaltenes
P-143, heptane (n-C7) insolubles, microcarbon (ASTM D-
530) and simulated distillation using standard procedures

ASTM D-7169 and ASTM D-1160). Heavy product analyses
llowed calculating VR 500 ◦C+, asphaltenes and microcarbon
conversion percentage. The percentage conversion of VR
500 ◦C+ is given by

XVR500 ◦C+ = VRInlet − VRHSB − Net coke
VRInlet

× 100 (6)

It should be noticed that asphaltenes conversion was calcu-
lated using toluene insolubles and IP-143, taking into account
that the last is considered more accurate, but the first one is
faster and can be used to follow pilot plant response in a short
period of time.

2.4.2.4. Post-catalytic particles characterization. The post-
catalytic particles were separated from the heavy product and
characterized as follows.

Post-reaction catalysts were obtained from HSB, which con-
tains unconverted residue, HVGO, metallic particles, organic
additive and rejected carbon from reactor. The recovery pro-
cess was carried out by extraction of HVGO and residue from
HSB, using soxhlet extractions with CH2Cl2 as solvent. The
insolubles solids containing coke and metallic particles were
rigorously subjected to a scrutiny by electron microscopy.
The morphology and elemental composition were determined
using scanning electron microscopy (SEM) and the size using
transmission electron microscopy (TEM). The SEM and TEM
analyses were carried out using a high performance Jeol
JSM6480 LV with, and a Jeol JEM 2100, with an acceleration
voltage of 200 kV, respectively.

Finally, Mo and Ni metal content was determined using an
ICP-OES Horiba Jobin Yvon Active.

3. Results and discussion

Pilot plant had a total of 1036 h in stream. Thirty six mass
balances closed in the acceptable range (10 for condition 1, 13
for condition 2, 5 for condition 3 and 8 for condition 4) with an
average ratio percentage of massout/massin, around 99 ± 1%.
In this section reactor inspection, conversions, liquid product
yields and post-catalytic studies, are presented, according to
the 36 mass balance products.

3.1. Reactor inspection

After 1036 h in stream in pilot plant almost no fouling was
found inside of the reactor, as shown in Fig. 6(a). It could be
seen that the solid inside of the reactor was easily removed
(Fig. 6(b)) and it represented part of the organic additive mixed
with the feedstock. This behavior is typical of good hydro-
genation catalysts, meaning that VR 500 ◦C+ and asphaltenes
are converted with a low rejection to carbon or low coke yield
during the test, which is a very desirable property for a hydro-
craking/hydrotreating catalyst. However, it is also true that
pilot plant for hydroprocess was operated at moderate high
pressure/temperature condition and an increase of rejection
to petcoke could be probably expected from severe operation
conditions. Nevertheless, E-T emulsion formulation has been
proven on not only at high severe conditions but also in a big-
ger scale pilot plant, with a similar performance of the catalyst
relating to coke yields.

3.2. Conversions
VR 500 ◦C+ conversions values presented in Fig. 7 were cal-
culated using only data from ASTM D-7169 method, due to
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ecti
Fig. 6 – Reactor insp

statistical results obtain for ASTM D-7169 and ASTM D-1160,
using Miller and Freund (1977) and Rorabacher (1991) meth-
ods, presented no difference between their averages. Using
the same statistical tests, also, it could be concluded that
VR 500 ◦C+ conversion values remained constant during the
whole test, and it was equal to 66.9 ± 2.6 wt%, showing no par-
ticular effect over conversion values when the formulations
were changed. It should be noticed a low value conversion was
reached because operating conditions were worked at mod-
erate severity as was mentioned above. The results showed
that, under conditions tested in here, both catalysts, AT-48
and E-T, had a similar performance, when VR Merey/Mesa was
tested. It is important to mention that AT-48 has up to 40 wt%
less molybdenum concentration than the typical E-T catalyst,
which represents an advantage because of the molybdenum
costliness.

Asphaltenes conversions are presented in Fig. 8, these con-
versions were calculated using IP-143 method, which has a
better accuracy than heptane (n-C7) insolubles method. For
conditions 1 and 2, asphaltenic fraction showed a similar
conversion behavior than VR 500 ◦C+, where no change was
observed when catalyst emulsion formulation was replaced
under the same operational condition of the pilot plant. Cal-

culated average percentage was 68.0 ± 2.4 wt% for conditions
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Fig. 7 – VR 500 ◦C+ conversions.
on after shutdown.

1 and 2. On the other hand, the average conversions values
of asphaltenes for condition 3 and 4 were 64.5 ± 1.4 wt% and
58.0 ± 3.3 wt%, respectively. These results show a decreasing of
4% and 10% in the conversion percentage values with respect
to conditions 1 and 2, but also a difference in the conversion
between condition 3 and 4.

The different conversion behavior observed in this study
was attributed to the changes in the operating condition of
the pilot plant. Under conditions 3 and 4 gas recycle was
turned off and the pilot plant was operated under fresh
constant hydrogen flow, while in condition 4 the organic addi-
tive was replaced with an additive having particles with a
larger average size distribution (≈100 �m). As consequence,
hydroprocessing performance for asphaltenes conversion
under conditions 3 and 4 was affected.

The reasons why only the asphaltenes conversion
decreased when the H2S/H2 ratio decreased are not so clear
so far. A first cause could be related to an incomplete cata-
lyst sulfurization under reaction environment and the second
could be attributed to the direct participation of H2S in the
transformation reactions of this kind of molecules. In both
cases, a decreasing in the hydrogenation efficiency could be
expect either by a lower concentration of sulfiding species cat-
alytically active and because the more difficult asphaltenes
hydrogenation reactions cannot take place in a low H2S con-
centration environment.

By the other hand, the poor asphaltenes conversion per-
formance under condition 4 was probably due to changes in
the reactor fluid dynamic or a trapping effect over asphaltenes
when an organic additive with larger particles was used. In this
sense, Fukuyama and Terai (2007) have reported that active
carbon due to its mesopore structure it is able to selectively
adsorb asphaltenes. Further investigations are being carried
out to study the observed effects and improving hydroconver-
sion of asphaltenic fractions.

Finally, microcarbon conversions are shown in Fig. 9,
and not significant differences were obtained in the hydro-
conversion percentages during the whole test. Microcarbon
conversion showed a similar behavior as VR 500 ◦C+ con-

version, where percentages of conversion were kept nearly
constant in the four tested conditions. This result indicates
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Fig. 10 – Hydrogenation respect to asphaltenes conversion.

0

100

200

300

400

500

0 908070605040302010 100

% Distillate

T
e
m

p
e
ra

tu
re

 (
°C

)

Condition 1 Condition 2 Condition 3 Condition 4

Naphtha

Middle distillates

VGO

Fig. 11 – HST product distribution.
Fig. 9 – Microcarbon conversions.

hat rejection reactions to carbon products or petcoke were
ot affected by changes in the operation conditions of pilot
lant. Catalytic formulation change or particle size variation
f organic additive does not diminish microcarbon conversion
ut also does not affect adversely this value.

.3. Hydrogenation

he hydrogenation efficient is a well-known parameter used
o establish a measuring of the performance of catalytic
rocesses. This parameter relates the fraction of converted
sphaltenes and the fraction of converted feedstock 500 ◦C+.
or ratios close to the unit a good hydrogenation function
s reached. In Table 4, the average Xasphaltenes/X500 ◦C+ ratios
alculated from the percentage values of asphaltenes and
V 500 ◦C+ conversions are presented for each operational
ondition. It can be observed that a good hydrogenation
unction for all conditions was obtained. As expected from
he low asphaltenes conversion, condition 4 has a lower

asphaltenes/X500 ◦C+ ratio than the others pilot plant operation
onditions.

Also, another criteria for hydrogenation efficiency that con-

ists in the difference between X500◦C+ and Xasphaltenes was
aken into account. When a difference of less than 5 wt% is

Table 4 – Ratio Xasphaltenes/X500 ◦C+ .

Condition Xasphaltenes/X500 ◦C+

1 1.0
2 1.0
3 1.0
4 0.9
obtained an excellent hydrogenation is reached (see Fig. 10).
For conditions 1–3, hydrogenation efficiency was excellent
while for condition 4, hydrogenation was only acceptable.
These findings are in concordance with results in Table 4.

3.4. Liquid product yields

For both tested formulations, E-T and AT-48, not significant
difference could be observed between distributions of HST and
HSB products (Figs. 11 and 12). This is a desirable result since
formulation AT-48 has around 40% less molybdenum concen-
tration than E-T formulation, which represents a reduction in
terms of costliness of the process catalyst. In fact, a slightly
improvement around 2–3 wt% on the overall conversion of RV
500 ◦C+ was achieved when AT-48 formulation was used. In

addition, the quality of liquid products showed a similar per-
cent behavior in the yield’s distributions (see Fig. 13). The AT-48
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Table 5 – Chemical composition by SEM-EDS.

Elements E-T
Atomic (%)

AT-48
Atomic (%)

C 95.12 94.19
O 1.94 3.08
S 1.91 1.78
V 0.48 0.53
Ni 0.20 0.26
Mo 0.16 0.16

metal, and they found that catalyst with the lowest particle
size has the highest catalytic activity and selectivity.
Fig. 13 – Syncrude yields.

catalyst gives a more valuable syncrude product, depicted the
fact a 2 wt% decrease of naphta yield is observed when AT-
48 catalyst is used under pilot plant operational conditions
3 and 4 without gas recycle. Once again, partial H2S pres-
sure seems to play an important role in the hydrogenation
of the different products. The decrease of the naphta yield
could be also related to the decrease of asphaltenes conver-
sion, if it is assume that a fraction of the naphta products
have their source in the hydrocracking/hydrogenation reac-
tions of the asphaltenic fraction. The effects of the H2S partial
pressure over the catalytic activity of metallic sulfides has
been reported elsewhere (Panariti et al., 2000b). In HDS and
HYD reactions, both promotion and inhibition effects of the
catalytic activity has been observed as consequence of H2S
concentration (Farag et al., 2009). Catalytic performance as a
function of metal, presence of other metallic promoters and
the metallic particle sizes, among others, has been related to
the partial pressure of H2S Nadège et al., 2004.

3.5. Post-catalysts particles

The E-T and AT-48 post-reaction solids were isolated from
HSB product obtained under test conditions 1 and 2, by using
CH2Cl2 as extraction solvent. As was expected, isolated solids
showed a high amount of carbon content (≥94%) from coke
products. However, SEM and TEM techniques were useful to
detect nanometallic particles attributable to catalyst under
carbonaceous matrix. Table 5 displays the chemical compo-
sition of the samples, for the selected surface area depicted
in Fig. 16, as was determined using SEM-EDS technique. Some
appreciable differences can be observed from compositional
results of E-T and AT-48 solid samples. Both samples show

a similar low metallic content of Mo and Ni metals, but Ni
percentage was slightly higher in sample AT-48 than E-T.
Only slightly differences were found for sulfur and vanadium
contents. The latter was considering to be recovered by the
demetallation of feedstock; since this metal was not present
in any reagent used. Also, traces of Fe and Cl were observed
on the SEM-EDS analyses.

The TEM micrograph images of particles of E-T and
AT-48 samples and their corresponding size distributions
histograms are shown in Figs. 14 and 15. In both images,
nanosized particles with a size distribution range 2–10 nm
and 1–6 nm were measured for E-T and AT-48 samples,
respectively. Also, E-T sample micrograph shows some large
aggregated particles with a size distribution range from 10 to
30 nm. It is interesting that AT-48 sample has the narrowest
particle size distribution, depicted the fact a complete sulfur-
ization was expected since the lower ratio Mo/S of this catalyst
formulation.

These results indicated that the catalyst with the nar-
rowest distribution size (AT-48) showed a similar or better
performance that the base catalyst (E-T) having a lower Mo
concentration. This finding has been reported in the literature
by Panariti et al. (2000a) who studied the upgrading of heavy
feedstocks in VR, using dispersed catalyst based on transition
Fig. 14 – Micrograph and histogram of post-reaction E-T
nano-particles distribution size.
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Fig. 15 – Micrograph and histogram of post-reaction AT-48
nano-particles AT-48 distribution size.

Fig. 16 – Post-reaction solids SEM images and zones for co
4. Conclusions

The importance of catalyst formulation has been demon-
strated using two ultra-dispersed catalyst with different
composition. The new catalyst AT-48 formulated using less
molybdenum concentration showed a similar or better cat-
alytic performance in the hydroconversion of Merey/Mesa VR
than the base catalyst E-T.

The ultra-dispersed AT-48 and E-T catalysts reached the
same X500◦C+ (66.9 wt%), and almost the same liquid product
yields (slightly higher when using AT-48), for middle distillates
and naphtha (around 40%) and for residue (around 38%), for
all conditions.

Asphaltene conversion was the same (68.0 wt%) for both
formulations, when operating under the same conditions
(recycle gas and particle size 19.9 �m), this conversion, had
a decrease when recycle gas was change for fresh hydro-
gen, as a result on changes in the sulfur hydrogen partial
pressure. Also a decrease in asphaltene conversion could be
seen when particle size was increased until 94.8 �m. These
results lead to the hypothesis that solid could act as a support
to asphaltene reactions, which should be explore in further
experiments.

For both catalysts a good hydrogenation could be reached,
demonstrated with reactor inspection after shutdown, where
no deposits could be found.

Post-reaction particles characterization by SEM revealed
that the AT-48 formulation had a narrow distribution of metal-
lic particles, with a lower average particle size, homogeneously
distributed and without aggregated formation as observed in

E-T formulation. This dissimilarity in size and dispersion of

mpositional analysis using EDS (a) E-T and (b) AT-48.
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metallic particles for AT-48 and E-T, confirms that method-
ology used for emulsion sulfurization is actually affecting
physic-chemical properties of catalytic active phases. Indeed
the fact that AT-48 formulation showed a higher reactiv-
ity (since it had a lower concentration of molybdenum and
reached the same results) toward the vacuum residue conver-
sion could be related to a lower metallic particle size and a
better metallic dispersion.
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