
Catalytic hydrotreating of solvent refined coal (SPC-II) : the effect of metal combinations,
impregnation technique and water addition on catalyst activity
by Turgut Sahin

A thesis submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy in
Chemical Engineering
Montana State University
© Copyright by Turgut Sahin (1984)

Abstract:
Solvent refined coal (SRC-II) must be catalytically hydrotreated at elevated temperatures and pressures
to improve its stability and meet the feedstock requirements of conventional petroleum refineries and
boilers. Once the operating conditions are set, the development of catalysts is the primary problem.

Four transition metals, cobalt (Co), nickel (Ni), molybdenum (Mo) and tungsten (W), were selected as
the catalytic agents and impregnated on a γ-alumina support having large surface area and pore size. In
the first stage, seven different combinations of the metals were impregnated by a stepwise
impregnation technique to test their hydrotreating activity. In the second stage, the most active metal
combinations, Ni-Mo and Co-Mo, were subjected to three different impregnation techniques to test the
effect of impregnation method on catalytic activity. The effect of the presence of 2 % water in the feed
on the catalytic activity was tested for every catalyst.

The most active metal combinations among the seven were Ni-Mo for hydrodenitrogenation (HDN)
and hydrogenation (HYD), and Co-Mo for hydrocracking (HYC). Water enhanced HDN activity of the
catalysts containing Ni-Mo and Co-W combinations, but inhibited activity of the catalysts containing
Co-Mo and Ni-W combinations. In general, HYC activities of the catalysts prepared by stepwise
impregnation were improved by water addition.

Batchwise impregnation of Co after batchwise Mo impregnation reduced the interaction of Mo with the
support giving more surface CoMoO, type phase and produced the most active catalyst. HDN and
HYD activities of Ni-Mo catalysts were not greatly affected by the impregnation technique. In general,
batchwise impregnation of Mo reduced Mo-support interaction and improved HYC activity of both
Ni-Mo and Co-Mo catalysts. When both step size and order of metal impregnation were changed, the
enhancing effect of water on HDN and HYC activities of the Ni-Mo catalysts disappeared and the
inhibiting effect on HDN activities of the Co-Mo catalysts became more inhibiting. 
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