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Abstract:
The hydrodenitrogenation of a heavy California gas oil containing 0.515 percent nitrogen and 0.858
percent sulfur has been studied using a catalyst system consisting of alumina supported NiCl2 and HCl.
The catalysts were made by impregnating a commercial alumina catalyst with aqueous solutions of the
metal chlorides followed by drying at 230°C.

The nitrogen left the reaction zone combined in NH4C1.

The study was carried out in a fixed bed, tubular flow, integral reactor. The range of operating
conditions was: Temperature 572 to 832°F. , Pressure 200 to 1200 psig, LHSV 1/8 to 2 cc oil/hr/cc
catalyst, catalyst compositions 0 to 17.7 percent nickel and Cl to N ratios of 0 to 18.8 atom/atom. A
hydrogen rate of 5000 SCF/bbl of oil was used for all tests. Methylene chloride, ethylene dichloride
and gaseous HCl were investigated as a means of supplying HCl to the reaction zone. The chlorides
decomposed to form HCl in the preheating section of the reactor.

At 800°F.,1000 psig, LHSV=1/2 and Cl/N=9.4, the nitrogen removal increased from 73.5 percent with
no nickel on the alumina pellets to 92.5 percent with 4.2 percent nickel on the support. Increasing the
nickel content above 4.2 percent to 17.7 percent increased the nitrogen removal to 94.2 percent. At
800°F, 1000 psig, LHSV=l/2 using a catalyst containing 6.1 percent nickel, the nitrogen removal was
increased from 66 percent to 93 percent by increasing the C1/N ratio in the reactor from 0 to 18.8.
However, at a Cl/N=9.4 conversion was about 90 percent. At 1000 psig, LHSV=l/2.and a Cl/N ratio of
9.4, the nitrogen removal . was increased from 54.5 to 92.5 percent by increasing the temperature from
572°F. to 832°F. Increasing reactor pressure from 200 to 1200 psig increased nitrogen removal from 62
to 93.5 percent at 800°F, LHSV=1/2 and Cl/N=9.4. At 800°F.,1000 psig, Cl/N=9.4, the reaction
appeared to be 2nd order as shown by a plot of the concentration of nitrogen in the product as a
function of space velocity.

At lower temperatures and pressures the mode of nitrogen removal was different. Under these
conditions the nitrogen that was removed from the feed was combined in a heavy, viscous material that
was insoluble in the product oil. This material was probably the hydrochloride of intermediate nitrogen
bases formed in the reactor.

Sulfur removal followed the trend of nitrogen removal only at a lower level, At the optimum
denitrogenation conditions sulfur removal was only 80,percent.

The catalyst system appeared to have considerable hydrocracking activity as shown by ASTM
distillations of the product.

CoCl2 also showed a high denitrogenation activity while MnCl2 and SrCl2 were inactive. 
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