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Abstract

Abstract

With the increasing demand for high quality petroleum products, the producing
ability of hydrodesulfurization (HDS) apparatus for petroleum fractions in refinery is
also expanding accordingly, which lead to a heavy use of HDS catalysts. On the other
hand, due to increasingly stringent regulations for environmental protection purpose,
the prescriptive value of the sulfur content in fuel oil becomes lower and lower.
Thereby, it appears especially important to develop the synthetic method of HDS
catalyst, which has the advantages of facile, cost-effective, short fabrication period
and high catalytic performance. Mesoporous NiMo-Al,O; catalysts for HDS were
prepared by efficient and simple one-pot combustion synthesis method using
aluminum chloride as start material, nickel and molybdenum as active components,
and starch as fuel. The catalysts were characterized by means of BET, XRD, SEM,
TEM, H,-TPR, TPD, TG-DSC, XPS and elemental analysis. The structure and
physicochemical property of the catalysts have been studied, and then related to the
HDS catalytic performance, so as to discuss the relations among preperation,
physicochemical property and catalytic performance.

First, the effect of active components (Ni and Mo) and complexing agent (citric
acid) on one-pot combustion synthesis of NiMo-Al,Os catalysts for HDS have been
investigated, and the as-prepared catalysts also have been compared to the
NiMo/Al,Oj catalysts prepared by impregnation method. The addition of Ni promotes
efficiently the reduction of Mo species, which is beneficial to form Ni-Mo-S active
phase. The addition of citric acid improves significantly the catalytic activity of HDS
catalysts, and the better effect can be got using the co-complexation. The alumina
supports show appropriate specific surface area, small nano-sized (about 30 nm)
spherical particles. The as-prepared NiMo-Al,O; catalysts show suitable reducibility
and sulfidation degree and high dispersions of Ni and Mo species, short length and

low stacking layer number of MoS; slabs, which lead to a higher HDS performance.
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Secondly, the effect of starch addition on the precursor combustion reaction,
physicochemical properties, Ni-Mo-S phase and intrinsic hydrodesulfurization
activity of the NiMo-Al,Os catalysts has been studied scientifically. The results show
that the increase in starch addition markedly enhances the molar enthalpy of the
combustion reaction, developing the porosity of the catalysts, and improves the
reducibility and sulfidability by reducing the interaction of Mo and Ni with the Al,O;
supports. However, the excessive molar enthalpy and adiabatic flame temperature of
the combustion process in which excess starch has been used as fuel will lead to the
high agglomeration of Mo particles, resulting in high MoS, stacking and low MoS,
dispersion. Moreover, the proportion of Type II as well as the total population of the
(Typel+II) active sites increases as the starch addition increases up to 2.5
[(CeH1005):2Al], leading to an increase in the turnover frequency (TOF) for the
catalysts; However, the total population of the (Typel+Il) active sites decreases with a
further increase in the addition of starch. The increase in total population of Ni-Mo-S
active sites significantly improves hydrogenation ability and HDS performance of the
catalysts. As a result, the specific activities of HDS over NiMoAl-x catalysts peak at a
starch addition ratio (x) of 2.5.

Last, the effect of presulfiding temperature and presulfiding duration on HDS
performance of the NiMo/Al,O; catalysts have been investigated. According to
existing knowledge and expreiences, the kinetic model of presulfiding has been
established, as follows:

In[~In(1-x,)]=Ink, +n, Int—E, / T—k " 5"
Fitting analysis results of the experimental data show that: (1) The model parameter is
reasonable, the average relative deviation is only 2.8 %, and model calculations are in
good agreement with the experimental results. (2) The activation energy of grain
growth is about 37.5 kJ-mol!, while the activation energy of sulfidation is 25.5
kJ ‘mol'l, the temperature as grain growth required is higher than sulfidation
temperature. (3) The model assumption (e.g. grain size and sulfidation degree) is in

agreement with the facts, the characterization results prove that the model prediction
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matches the experimental values well.

Keywords: hydrodesulfurization; combustion synthesis; starch, NiMo catalyst;

kinetics of presulfiding.
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