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NiMo/SiO,-Al;03 mixed oxide supported catalysts were investigated for hydroprocessing of heavy
crude oil at moderate reaction conditions. Hydrodesulfurization (HDS), hydrodemetalization (HDM),
hydrodeasphaltenization (HDAs) and hydrodenitrogenation (HDN) reactions were studied as function
of time-on-stream (TOS). The results indicated that HDS of crude oil corresponds to the number of active
metal sites (sulfide phases) present in the catalyst, HDN is enhanced when the catalyst presents a combi-
Keywords: nation of well dispersed sulfide phases and weak to moderate acidity. HDM presented a complex behavior
: . indicating that it is affected significantly not only by the dispersion of the sulfide phase but also by
NiMo/SiO,-Al, 03 catalysts i . - .
FT-IR the porosity and acidity of the catalyst. As expected, for HDAs both acidity and textural properties are
important. The stability of the catalyst with time-on-stream was affected by coke and metals deposition.
The supports and fresh catalysts were characterized by nitrogen physisorption, SEM-EDX, and FT-IR of
CO and pyridine adsorption. The results confirm that NiMo/SiO,-Al,03 catalysts are a good option for
the hydrotreatment of heavy oils and that the method used here for support preparation can tune the
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formation of meso- or macro-porosity and the type and strength of the catalyst acid sites.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The interest in heavy crude oils increases to meet the growing
worldwide energy demand, additionally, the quality of crude oil is
decreasing since petroleum sources are changing into heavy and
extra-heavy crude oils [1-7]. These heavy crudes have very high
content of bottom of barrel (residua) and their fractionation ren-
ders low amounts of distillates with large investment in distillation
plants. Hence, it is necessary to upgrade them before distillation
[8]in order to convert the large molecules (mainly asphaltenes and
metal porphyrins) into low molecular weight fractions, preferably
middle distillates and gasoline, while removing at the same time
some of the sulfur, nitrogen and metal impurities.

The main problems involved in heavy crude oil hydroprocess-
ing are pore diffusion limitations preventing the access of large
molecules to the active sites and the rapid deactivation of the cata-
lyst by coke and metal deposition [9-11]. Tackling these problems
requires bifunctional catalysts having a support with (i) sufficient
pore diameter to improve metal deposition and pore diffusion
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[12-15]; (ii) adequate acidity to efficiently crack large molecules
while limiting overcracking and coke formation; and (iii) optimum
dispersion of active metals. Because of the flexibility of their prepa-
ration routes, amorphous SiO,-Al,03 mixed oxides can be tuned
to the required acidic and textural properties [16-18] and appear
as good candidates for such processes [19-23].

The combination of properties of silica and alumina oxides
could have a positive impact on hydrotreating and make them
potentially attractive as supports for heavy oil hydroprocessing cat-
alysts [24]. Many detailed studies have been reported for catalytic
hydroprocessing of model molecules or middle distillates [25-33],
however, the relationship between the supported sulfide phase
and heavy oil hydroprocessing functionalities is not yet totally
understood, especially when heavy crude oil with high content of
asphaltenes containing high heteroatom concentration is used as
feedstock [33]. The aim of the present study is then to investigate
the impact of support chemical composition, textural properties,
surface acidity, and sulfide phase dispersion on the functionalities
of NiMo/SiO,-Al, 03 catalysts for the hydroprocessing of heavy oil.
To this aim, a series of NiMo catalysts supported on SiO,-Al;03
presenting a wide range of acidic and textural properties were pre-
pared, characterized and tested for hydrocracking of heavy Maya
crude oil.
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