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ABSTRACT

Hydrodesulfurization (HDS) of petroleum fractions is one of the most
important processes to produce low sulfur fuels. While CoMo catalyst has been
widely used in the petroleum industry, fast-growing environmental pollution
problems claim the development of a new HDS catalyst which is more active
than the conventional one. Rhodium phosphide (Rh2P) has been recently
received much attention as a new catalyst. However, its preparation procedure
involves the reduction of phosphate species at higher temperatures, resulting in
an aggregation of Rh species and thereby a lowering of catalytic activity. It is
thus needed to establish a new method for preparing dispersed RhaP catalysts at
lower temperatures. In this study, catalyst preparation using sodium (Na) and
zeolites was investigated to develop highly active HDS catalysts.

Firstly, SiO2 and Al203, which are constitutive materials of zeolites,
were used as supports. Na addition facilitated reduction of phosphates,
resulting that Rh2P were easily formed on these supports at lower temperature.
On Na-free HMFI, Rh species more strongly interacted with ion exchange site
than that of NaMFI, but formation of RheP was difficult. Since Na addition
weaken interaction between Al atoms in the zeolite and phosphate, Rh2P were
also easily formed on NaMFI at lower temperatures. Furthermore, this catalyst
showed an excellent performance in the HDS of thiophene.

The influence of Na added was further investigated using three zeolites
with different pore structures, MFI, BEA and MOR. Among them, NaMFI was
the most effective support, on which well-dispersed active Rh2P was formed. The
other zeolite supports were not enough because of insufficient thermal stability
and diffusivity.

Fine tuning of NaMFI characteristics was also carried out by changing
Si/Al ratio. As the ratio increased in the range of 17-492, the reduction of the
catalyst precursor occurred at lower temperatures to form Rh:2:P, while its
particle size increased. Hence, NaMFI with a Si/Al ratio of 24 was found to be a
favorable support for the preparing active catalysts.

A partial exchange of Na* in NaMFI framework with protons (H+*)



improved dispersion of Rh species and the resulting NaHMFI-supported RhzP
catalyst showed the highest HDS activity among the catalysts prepared in this
study.

In conclusion, the new method using Na and MFI zeolite has been
successfully developed to prepare highly active Rh2P-based HDS catalyst, which

1s superior to the conventional CoMo catalyst.
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