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Abstract:
The catalytic hydrodenitrogenation of high nitrogen content petroleum gas oils was studied. The
primary objective of this research was to discover and/or develop a catalyst which could effectively
remove nitrogen from high nitrogen content petroleum gas oils. A catalyst was sought which would be
more effective at removing the nitrogen from the gas oil than the present commercially used
cobalt/nickel molybdate catalysts.

The study was carried out on a bench scale, continuous, tubular flow reactor. The operating conditions
utilized during this study were: temperature 700 to 820°F, pressure 1000 psig, hydrogen flow rate of
5000 SCF/ bbl. of oil, space velocity (L.H.S.V.) 0.25 to 2.0 ml. of oil/hour/ml. of catalyst. (In order for
the hydrodenitrogenation process to be economically as well as technically sound, the pressure was
limited to no greater than 1000 psig.) The primary feedstock source was the Santa Maria (California)
crude source. The feedstocks, whose boiling ranges were approximately 550°F to 900°F, contained
between 0.l8l and 0.335 wt.% nitrogen.

All nitrogen conversion calculations were based on the total nitrogen concentrations determined by the
Boyd Guthrie modification of the Kjeldahl method. A nickel-tungsten type catalyst, on a silica-alumina
support, more active than the present commercially used cobalt/nickel molybdate hydrodenitrogenation
catalyst's was developed. Use of a silica-alumina support, containing 5 to 7 percent silica (Si02) by
weight, was found to result in a more active catalyst than a similar catalyst on an alumina support. Of
the conventional hydrotreating catalyst promoters (nickel, cobalt, and molybdenum), nickel was found
to be the most effective promoter for the tungsten type hydrotreating catalyst. The catalyst was found to
be more effective (active) if properly sulfided prior to use.

As expected, the developed catalysts' activity decreased with increasing L.H.S.V. and decreasing
temperature. It was noted that the sulfur was removed from the feedstocks much easier than the
nitrogen, even though it was present in a much higher concentration.

The "optimum" catalyst composition was determined by use of a Central Composite Rotatable Design.
This catalyst should contain approximately 7 percent nickel (by'weight) and 18 percent tungsten (by
weight) on the silica-alumina support. It was noted, however, that the response surface was relatively
flat over the range of nickel and tungsten contents studied; i.e. , over the nickel content range from 2 to
12 wt.% and tungsten content range from 6 to 26 wt.%.

The results obtained from tests conducted utilizing the nickel promoted tungsten on silica-alumina
support catalyst show its superiority to currently available commercially used hydrodenitrogenation
catalysts. It is rugged, long-lived, and operates at temperatures and pressures that are moderate and
economical to obtain. 
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