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This invention relates to processes for the selective hy-
drogenative removal of nitrogen compounds from hydro-
carbon sireams. In a particular embodiment, the inven-
tion is concerned with a catalytic process for the substan-
tially complete removal of nitrogenous contaminants from
distillable hydrocarbon oils to be used as feed stocks in
subsequent catalytic conversion processes.

It has long been known that nitrogen compounds could
be removed to some extent from petroleum hydrocarbons
by conventional hydrofining processes. However, even
in the case of relatively low boiling feed stocks, substan-
tially complete nitrogen removal cannot be accomplished
by conventional hydrofining without the use of rather se-
vers conditions of temperature and pressure and a rela-
tively low space velocity. In the hydrofining process the
hydrocarbon oil is treated with hydrogen at elevated tem-
perature and pressure in confact with various catalysts
generally comprising chromium and/or molybdenum ox-
ide together with iron, cobalt, and/or nickel oxides on a
porous oxide support, such as alumina or silica-alumina.
Previous investigations into the effect of the metals con-
tent of the hydrofining catalysts on their activity have in-
dicated that there is little to be gained by the use of metal
contents above about 14%. For example, it is indicated
in Patent Number 2,758,957 to K. Nozaki that increasing
the total metals concentration above 15% by weight is of
little benefit, and that decreasing the mickel content of a
Ni-Mo catalyst to an atomic ratio of 1:3 increased the
activity for hydrogenation.

The present invention is based upon the discovery that
for the purpose of substantially completely removing con-
taminating nitrogen compounds from distillable hydro-
carbon oils to low residual nitrogen levels, catalysts con-
taining large concentrations of both nickel and molybde-
num are outstanding in their properties and ars not the
equivalent of the large group of catalytic materials dis-
closed in the prior art. Specifically, the catalysts used in
the hydrodenitrification process of this invention comprise
sulfided nickel and molybdenum on predominantly alu-
mina carriers, containing 4-10% nickel together with
15.5-30% molybdenum by weight, expressed as the
metals, The preferred catalysts contain 6-8% nickel and
21-23% molybdenum. The process comprises contact-
ing the hydrocarbon oil with a sulfided high metals con-
tent nickel-molybdenum-alumina catalyst in the presence
of hydrogen at critical conditions of temperature, pressure,
and space velocity.

There are several aspects to this invention.  In ons
aspect the invention provides a process whereby more
than 99.9% of the initial nitrogen content of non-refrac-
tory hydrocarbon oils boiling up to about 600° F. may
be. readily removed using relatively mild conditions of
temperature and pressure and/or high space velocities.
In many cases 99.95% or more of the nitrogen is re-
moved. In another aspect the invention provides a proc-
ess whereby more than 59.9% of the initial nitrogen con-
tent of highly refractory hydrocarbon oils boiling up to
about 750° F. may be removed using convenient condi-
tions of temperature and pressure and moderate space
velocities, which degree of nitrogen removal was hereto-
fore unattainable in a commercially practical process. In
another aspect the invention provides a process whersby
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more than 99% of the initial nitrogen content of refrac-
tory or high boiling kydrocarbon oils boiling up to about
860° F. may be removed using moderate conditions of
femperature, pressure, and space velocity, which degres
of nitrogen removal was heretofore unattainable at eco-
nomically feasible operating conditions. In still another
aspect the invention provides a process whereby more
than 80% of the initial nitrogen content of heavy hydro-
carbon distillates boiling up to about 1050° F, may be
removed using relatively mild conditions of temperature,
pressure, and/or space velocity, which degree of purifica-
tion was heretofore unattainable without the use of con-
ditions resulting in substantial cracking and coke forma-
tion.

The feed stocks which may be treated by the process
of this invention are distillable hydrocarbon oils. By this
is meant those non-residual hydrocarbon streams normally
processed in petroleum refineries, and including naphthas,
kerosenes, straight run and cracked distillates, distillates
derived from shale oil or gilsonite deposiis, light and
heavy cycle oils, and gas oils. In short, the process is
applied to predominantly liquid hydrocarbon sireams hav-
ing an initial boiling point above about 180° F. and an
end point below about 1050° F.

Hydrocarbon oils contain varying amounts of nitrogen
compounds, ranging from several paris per million up to
1-3%, depending on the boiling range of the oil and
the nature of the crude petroleum or other hydrocarbona-
ceous deposit from which it was derived, It is not un-
common to report both total nitrogen and basic nitrogen
in analyzing hydrocarbon oils. As used herein, the term
“nifrogen content” refers to total niirogen, determined by
Kjeldahl analysis, expressed in parts per million of nitro-
gen.

The removal of contaminating nitrogen compounds
from hydrocarbon distiliates to very low residual levels
is of particular value where the distiliate is to be con-
verted in a low temperature hydrocracking process. In
the low temperature hydrocracking process a hydrocarbon
distillate of low nitrogen content is contacted with certain
dual function catalysts, such as cobalt or nickel sulfide on
a silica-alumina cracking catalyst support, under controlled
conditions of temperature, pressure, hydrogen throughpus,
and space velocity, to effect a substantial conversion of
the feed to liquid products boiling below the initial boiling
point of the feed and containing a high ratio of iso- to
normal paraffing, with negligible coke production and only
a very small production of light gaseous hydrocarbons.
Such a process has been denominated by the proprietary
name “Iso cracking.” Preireatment of the feed to a low
temperature hydrocracking process to reduce the nitrogen
content to less than 10 p.p.m. permits the use of lower
operating temperatures (e.g., below 700° F.), extends
the on siream time, and results in a more favorable prod-
uct distribution. More favorable results are obtained
when the feed has a nitrogen content of only 1-2 p.p.m.
Nitrogen contents below 1 p.p.m. are considerably more
advantageous.

A typical light cycle oil derived from a fluid catalytic
cracking process had a gravity of 25.4° API, an initial
boiling point of 415° F., an end point of 550° F., and
an initial nitrogen content of $00 p.p.m. This material
can be virtually quantitatively converted to gasoline boil-
ing range hydrocarbons by low temperature hydrocrack-
ing provided the nitrogen content is first reduced to less
than 10 p.p.m. The inability of conventional hydrofin-
ing catalysis to effect such a degree of nitrogen removal
at ordinary processing counditicns is shown by the data
given in Table I. The light cycle oil was contacted with
each of the catalysts described in Table I at 615-620° F.,
800 p.s.i.g., in the presence of 4000 s.c.f. H,/bbl., at a
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liquid hourly space velocity (LESM) of 1.0 v./v./hr.
based on the light cycle oil feed.

TABLE T
Hydrofining of Light Cycle Qil

Catalyst A B C D E
Wi, percent Molybdenum. ... 6.8 83} 65| 92| 153
Wt. percent Nickel. oo oooo o e 2.4 | 3.1 2.7
Wt. percent Cobalt e 2.7 27| O3 |cccaee|ommem-
Wt. percent Metals, Total ... 9.5 |1L0| 921231 18.0
Product:
p.p.u, Nitrogen oo oo 145|108 108
Percent Nitrogen Removal. . - 84 88 88
Catalyst Relative Activity .o oo 1.4 L5 15

Catalyst A is a commercially available hydrofining
catalyst prepared by the method described in Patent Num-
ber 2,878,193 to J. W. Scott. The method comprises
solution impregnation of a cobalt salt (followed by calcin-
ing to the oxide) on a coprecipitated molybdenum oxide-
alumina support. Catalyst B and catalyst C are other
commercial hydrofining catalysts wherein the metals
molybdenum, nickel, and/or cobalt are supported on alu-
mina. Catalyst D is a nickel-molybdenum-alumina cata-
lyst prepared by impregnating an alumina carrier with
an aqueous solution of nickel nitrate, drying and calcin-
ing, and then impregnating with aqueous ammonium
molybdate, drying and calcining. Catalyst E was pre-
pared in the same manner as catalyst D, but using more
concentrated impregnating solutions to provide a total
metals content greater than has been found exemplified
in the hydrofining or denitrification art. It is apparent
that this increase in metal content was of no benefit, as
predicted by the prior art. All of the catalysts were sul-
fided to convert the metal oxides predominantly to metal
sulfides prior to contacting with the light cycle oil.

Catalyst A, being intermediate in activity to catalysts
B and C, has been assigned a relative activity for hydro-
deniirification of 1.00 expressed on a space velocity basis.
We have found that the hydrodenitrification reaction close-
ly approximates a pseudo first-order rate reaction with
respect to the fractional removal of the initial nitfrogen
content over the range of operating conditions utilized,
ie., —log (1—x)=kt, where X is the percent nitrogen re-
moval expressed as a decimal, ¢ is the contact time (in-
versely proportional to LHSV), and £ is the reaction rate
constant (proportional to relative activity). ~ From this
it can be shown that to reduce the nitrogen content of the
light cycle oil from the initial 900 p.p.m. to less than
10 p.p.m. would require the use of a catalyst having a
relative activity of about 3.5 under the conditions of the
above test. For the substantialty complete hydrodenitri-
fication of distillates having a greater initial nitrogen con-
tent or of a more refractory nature (with respect to ease
of denitrification) than the light cycle oil, a catalyst hav-
ing a relative activity of about 4 or better is required.

Ve have found that to obtain the high activities re-
quired for the substantially complete removal of nitrogen
compounds, in accordance with this invention, the cata-
lyst must contain at least 15.5% molybdenum and must
also contain at least 4% nickel. Specifically, the highly
active catalysts utilized in the process of this invention
have nickel contents in the range 4-10% by weight and
molybdenum contents in the range 15.5-30% by weight.
The catalysts are conveniently prepared by impregnating
an alumina support with nickel and moiybdenum com-
pounds convertible to the oxides by calcination to give
the. finished catalyst the desired metals content, calcining,
and then sulfiding to convert the nickel and molybdenum
oxides predominantly to the sulfides.

When the light cycle oil described previously, having
a nitrogen content of 900 p.p.m., Was contacted with the
nickel-molybdenum-alumina catalysts of this invention
under the same operating conditions as were used in the
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previous test, the nitrogen was substantially completely
removed, as shown in Table I1.

TABLE 11
Hydrodenitrification of Light Cycle Oil

Catalyst J X L M N P
‘Wt. percent Molybdenum__| 18.9 | 24.3 | 22.0 | 21.8 | - 21.8 | 2L7
‘Wt. percent Nickel ___.____ 47| 41| 59| 7.6 100 4.9
Wt. percent Metals, Total..] 23.6 | 28.4 | 27.9 | 20. 4 3.8 26.6
Product:
p.p.m. Nitrogen_.______ 4 1451 3 1.5 14 6
Percent Nitrogen Re-
MOVAY. _eemm e 99.55 | 99.5 | ©9.8 | 99.8 | 99.55 | 966.3
Catalyst Relative Activity_- 3.8| 37| 40} 46 3.8 3.5

1 Corrected value based on data at 570-575° F.

As shown by the data of Table I, nickel-molybdenum-
alumina catalysts containing 4 to 10% Ni together with
from about 19 to 25% Mo are remarkably active with
respect to hydrodenitrification, a fact which could not be
predicted from a consideration of the catalysts containing
lesser quaatities of the metais. The molybdenum con-
tent may be as low as 15.5% or as high as 30%, but the
use of more than 25% Mo is generally unwarranted.

¥t will be observed that to determine the percent nitrogen
removal required the accurate measurement of residual
nitrogen concentrations of less than 10 p.p.m. The anal-
yses were made in a “nitrogen-free” laboratory, set aside
for the purpose, by a modified Kjeldahl procedure involv-
ing the extraction of a fairly large sample (100 gm.) with
92% sulfuric acid. Highly purified water and caustic
must be used, and all glassware should be cleaned with
hot caustic. At the 1 p.p.m. level the analyses are con-
sidered accurate to #0.1 p.p.m.

Catalysts J, K, L, M, N and P were prepared by sub-
stantially the same procedure in order to insure that
the results would be indicative solely of the effect of
the metals content. Catalysts D and E of Table I
were prepared in this same manner, namely, alternate
impregnation of alumina with agueous solutions of nickel
and molybdenum compounds converiible to the oxides
by calcination. The exact procedure is excmplified by
the preparation of catalyst M, described in the following
example.

EXAMPLE 1

A high grade alumina, obtained commercially in the
form of 14g’’ extrusions, having a pore volume of 0.65
cc./gm. and a surface area by nitrogen adsorption of
270 m.2/gm. (B.E.T. method), was immersed for 2 hours
at room temperature in an aqueous solution of nickel
niirate, prepared by adding 2 parts by weight

Nl(NOg) 2 “6H20

to 1.5 parts H;O. The pH was about 5.2. The im-
pregnated particles were dried for 10 hours at 400° F.,
and then calcined for 4 hours at 900° F. The calcined
perticles were then imunersed for 2 hours in an agueous
solution of ammonium molybdate, prepared by mixzing
3.9 parts of 20% NH,OH, 3.2 parts of H;O, and 2.9
parts of MoQj, by weight. The pH was maintained at
about 8.8 by the addition of more ammonium hydroxide
solution. The impregnated particles were dried for 10
hours at 400° F., and then calcined for 4 hours at 800°
F. The catalyst was then given a second molybdenum
impregnation in the same manner, dried, and calcined
as before. The nickel oxide-molybdenum oxide-alumin

catalyst so produced contained 7.6% Wi and 21.8% Mo,
calculated as the metals, and had a surface area of 119
m.2/gm. The oxide catalyst was then placed. in a test
reactor, and hydrogen was passed therethrough for about
1 hour, while raising the temperature to 650° F., at a
pressure of 800 p.s.i.g. A vaporized solution of dimethyl-
disulfide in heptane was added to the Hy and fed to the
reactor for a ten-hour period, at which time approxi-
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mately 2.8 times the amount of sulfur required to
convert the WiO and MoO; to NigS; and MoS,
had been introduced. The ratio of dimethyldisulfide to
hydrogen was about 1 to 12, by volume, at the reactor
inlet. The final catalyst had a relative activity of 4.6.

The above order of impregnation, namely, first nickel
and then molybdenurn, is preferred. When the reverse
order was used, there was a tendency for molybdenum
to be leached out of the catalyst during the second
(nickel) impregnation. In addition, somewhat higher
activities are obtained by following the preferred order
of impregnation. Catalyst P was prepared by the re-
verse order of impregnation, as described in the foliow-
ing example,

BXAMPLE 2

Two hundred and fifty cc. of alumina, obtained com-
mercially in the form of 8-14 mesh pieces, having a
pore volume of 0.49 cc./gm. and a surface area by nitro-
gen adsorption of 180 m.2/gm., was immersed for 24
hours at room temperature in a solution of ammonium
paramolybdate, prepared by adding to 94.6 gms. of
(MH,)§M070o4-4H,0 sufficient water to make up 200
ml. of solution. The impregnated alumina was then
drained free of excess solution, dried for 24 hours at
250° F., and calcined for 6 hours at $00° F. This ma-
terial was then vacuum impregnated with molybdenum
using an ammonium paramolybdate solution of the same
molybdenum content as in the first impregnation, to
which 0.2 cc. of concentrated ammonium hydroxide had
been added per gram of ammonium molybdate. The
once-impregnated alumina was placed in a flask, the
fiask evacuated, and 200 ml. of the ammonium molybdate
solution was introduced. The vacuum was released,
and the mixture was allowed to stand for 15 minutes
at atmospheric teraperature and pressure. After drying
and calcining as before, this material was given a third
moiybdemum impregnation in the same manner as the
second impregnation. After drying and calcining as be-
fore, the alumina-molybdenum oxide catalyst was vac-
uum impregnated with nickel, in the same manner, using
a solution prepared by adding to 319 grams of

NI(NO3)2 6H20

sufficient water to make up 200 ml. of solution. - The
four-times impregnated catalyst was then dried at 250°
F. for 24 hours and calcined at 900° F. for 6 hours.
The nickel oxide-molybdenum oxide-alumina catalyst so
produced contained 4.9% Ni and 21.7% Mo, calculated
as the metals, and had a surface area of 93 m.2/gm,
The oxide catalyst was then sulfided with dimethyldi-
sulfide in the same manner as in Example 1. The final
catalyst had a relative activity of 3.5.

To obtain high activity for the hydrodenitrification
process the high metals content nickel oxide-molybdenum
oxide-alumina catalysts must be sulfided prior to con-
tacting with the hydrocarbon oils to be treated. Sulfid-
ing is preferably accomplished in the manner described ia
Example 1, by passing over the oxide catalyst a sulfiding
agent such as H,S, CSy, mercaptans, disulfides, and the
like. When HS is used, the sulfiding may be effected
with or without a carrier gas such as hydrogsn or nitro-
gen. High activity catalysts, comparable to those de-
scribed in Table II, have been prepared by sulfiding di-
rectly with pure H,S. Where suifur compounds other
than H,S are employed, hydrogen should also be pres-
ent, preferably under pressure, and the temperature should
be sufficiently elevated for ready conversion of the sul-
fur compound to H,S, say about 400° F. in the case of
mercaptans and disulfides. Extensive reduction of the
oxides to the metals is preferably avoided, since usualiy
more active catalysts result if the oxides are sulfided di-
rectly. TFurther, to minimize reduction of the oxides,
the temperature during sulfiding preferably should not
exceed 750° F., and more preferably is at or below
650° F.
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In a preferred methed of sulfiding, mercaptan or or-
ganic disulfide addition is continued over a period of
about 2-10 hours until at least 1.5 times the theoretical
amount of sulfur required to comvert the nickel and mo-
Iybdenum ovides io Ni;S, and MoS,, respectively, has
been added. The exact form of the metals in the final
catalyst is not known, and it is not meant to represent
that the nickel and moiybdenum are quantitatively con-
verted to NigSy and MoS,. However, it is important
that an excess of the sulfiding agent be used in order to in-
sure conversion of the metal oxides predcminantly to the
sulfides. When the oxide catalysts of this invention are
contacted directly with the hydrocarbon oil and hydrogen
at or slightly below the normal operating tempsratures,
relying on the inherent sulfur content of the hydrocarbon
oil to effect sulfiding, the hydrodenitrification activity
is only slightly better than that of the catalysts described
in Table L.

The preferred catalyst support is substantially a micro-

“porous alumina, such as is commercially available or

may be prepared by well known methods. The inclu-
sion in the support of a small amount of silica, say up
to 5%, would not be expected to affect the catalyst activity
materially, and may be advantageous in stabilizing the
catalyst in some cases. Highly active catalysts have also
been prepared by impregnating a coprecipitated molyb-
denum oxide-alumina carrier with nickel and additional
molybdenum to provide metal concentrations in the re-
quired range, ie., about 15.5% molybdenum and about

' 5% nickel. Alumina base hydrofining catalysts of con-

ventional molybdenum and cobalt confent may also be
utilized as the support if the area and pore volume are
adequate. Cobalt cannot be substituted for nickel, as
cobalt-molybdenum catalysts containing 4-10% cobalt
and 15.5-30% molybdenum are only about half as active
for denitrification as the corresponding nickel-molyb-
denum catalysts. Howsver, the inclusion of a small
amount of cobalt in the catalyst in addition to the 4-10%
nickel does not materially affect the basic and novel char-
acteristics of the catalyst for denitrification, nor doss the
inclusion of minor amounts of zinc, copper, or similar
metals. The inclusion of such metals appears to be some-
what deleterious, and they are preferably excluded. The
support should be predominantly alumina,

To permit the required incorporation in the alumina
carrier of more than 19% by weight of the metals, nickel
and molybdenum, without substantially filing the pores,
the alumina should have an initial pore volume in excess
of about 0.2 cc./gm. Tt is preferred that the alumina
have a pore volume of greater than about 0.4 cc./gm.
Since the impregnation with large quantities of nickel and
molybdenum results in a reduction of the surface area,
it is most desirable to start with a carrier having a sur-
face area in excess of about 150 m.2/gm., as determined
by nitrogen adsorption; although the surface area meay
be as low as 75 m.2/gm. if, for example, the catalyst
is to contain only 4-5% Nj and 15.5-19% Mo. The
alumina may be calcined if desired prior tc impregnation
with the metals, but precalcining does not appear to be
essential,

Where the catalyst is to be employed in a fixed bad
process, the alumina is preformed, as in the shape of
small spheres, pellets, rods, or irregular pieces. In the
preferred method of preparation, a preformed alumina
carrier is first immersed in an agueous solution of a
nickel compound readily convertible to the oxide by cal-
cination, such as nickel nitrate, nickel acetate, and the
like. Nickel sulfate is a less desirable impregnating com-
pound, and nickel chloride is even less desirable, because
of the high temperatures reauired for decomposition or
conversion to the oxide. ‘The preferred medium is an
agueous solution of nickel nitrate containing 2-12% Ni,
depending on'the final nicke! concentration desired in the
catalyst. The impregnated carrier is then dried and cal-
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cined or otherwise treated to convert the nickel compound
to an insoluble form, preferabiy nickel oxide.

The nickel oxide-alumina catalyst is then impregnated
with an aqueous soluticn of a molybdenum compound
convertible to the oxide by calcimiation, such as am-
monium molybdate, or a solution of molybdic acid in an
oxalic acid solution containing nitric acid, etc. When
ammonium molybdate is used, the pH should be con-
trolled at above about 7.7 to prevent precipitation of mo-
lybdenum oxide. Preferably, the pH is maintained at about
87 or above to aveid the formation of a molybdenum
oxide c¢rust on the outer surface of the catalyst. The
twice-impregnated catalyst is then dried and calcined.
This catalyst can then be given an additional molybdenum
impregnation, again followed by drying and calcining,
when it is desired to prepare a catalyst containing above
16% molybdenum. However, molybdenum contents up
to about 19% by weight in the finished catalyst have bee
obtained by a single impregnation with ammonium mo-
Iybdate.

The final calcination is effected at temperatures in the
range 600-1100° F. When a high nickel and molyb-
denum content catalyst was calcined at or slightly above
1200° F., the relative activity for hydrodenitrification was
approximately halved. Thus, when the nickel is incor-
porated after the molybdenum, the nickel compound used
should be one convertible to the oxide at a temperature
below 1200° F. The optimum calcining temperature ap-
pears to be between 800° F. and 1000° F. The calcina-
tions are usually carried out in the presence of hot air,
but an inert gas atmosphere may instead be used since
oxygen is already available in the preferred impregnating
compounds.

Although the hydrodenitrification process may be car-
vied out in a number of ways, such as by maintaining the
catalyst in a fluidized bed or as a downflowing column of
granular solids, the process is most suitably . carried out
using a fixed bed of catalyst in the manner depicted in
the attached drawing. Since the nickel-molybdenum cata-
lysts of this invention maintain their high activity over
protracted periods of use, a continuous non-regenerative
type of operation is obtainable and is normally preferred.
The catalysts may be regenerated periodically by the
oxidative removal of carbon deposits formed during ex-
tended use.

Referring to the drawing, the hydrocarbon oil to be
treated enters the process via line L. Hydrogen-rich gas
is admixzed with the hydrocarbon oil feed via line 2, and
the admixture, after heating to the desired operating tem-
perature, passes {0 reactor 4 via line 3. Alisrnately, the
hydrocarbon and hydrogen streams may be separately
heated before mixing. Reactor -4 is packed with sul-
fided high metals content nickel-molybdenum-alumina
catalyst in the form of small particles such as spheres, pel-
lets, or extrudates. The hydrocarbon oil feed may be
completely vaporized in the case of low boiling feed stocks,
but mixed phase flow is preferred in the case of higher
boiling stocks. In passing through reactor 4 the nitrogen
compounds in the hydrocarbon oil are substantially con-
verted to ammonia with concomitant consumption of hy-
drogen. The reactor effluent leaves via line 5, and is
cocled to condense the normally-liquid hydrocarbon por-
tion and then passed via line 7 to separation drum 8. To
2ssist in the removal of ammonia from the efftucnt, water
or acidulated water may be added through line 6. A water
phase containing dissclved M, which then separates in
drum 8 may be withdrawn via line 14 and discarded. A
major portion of the ammonia formed may be removed
in this fashion.

Hydrogen-tich recycle gas is separated in drum & and
withdrawn through line 9 to compressor 19, for return
to the reaction zone in combination with additional feed
via lines 11 and 32. MMake-up hydrogen is introduced
through line 13 to compensate for that consumed in the
process. It may be desirable to withdraw a small bleed
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streamn of recycle gas via line 12 to i hit the build-up in
the tecycle stream of light gaseous hydrocarbons, such as
may be introduced with the make-up hydrogen.

Liquid hydrocarbon effluent, containing residual am-
monia and other hydrogenated impurities, is withdrawn
from drum § and passed to distillation zone 16 via line
i5. Zone 16 is operated at a materially lower pressure
than drom €, and may comprise another simple separation
drum, or it may be a siripping column, as shown. Steam,
hydrogen, or other inert siripping gas is introduced via
line 17 to assist in the complete removal of ammonia and
other light gaseous by-products overhead via line 19.
Purified hydrocerbon oil substantially free of nitrogen
compounds is recovered in line 3. Alternately, or in
addition to water washing and/or distillation, equivalent
means for removing the NI, may be provided, for ex-
ample, by adsorption on a microporous metal-alumino-
silicate (molecular sieve), activated earth, etc.

Conditions of temperature, pressure, hydrogen through-
put, and space velocity in the reactor are correlated to
provide the desired degree of nitrogen removal. Higher
temperatures, pressures, and/or hydrogen throughputs are
required when treating the higher boiling feed stocks and
those containing the more refractory nitrogen compounds.
A particular advantage of the process is that it permits
the hydrodenitrification of refractory stocks at compara-
tively mild conditions of temperature and pressure and/or
the use of high space velocities. The term “refractory”
is used hersin the reference to the relative difficulty with
which nitrogen is removed from the respective feed stocks.
In general, the complex nitrogen compounds found in
high boiling hydrocarbon fractions and cracked cycle oils
are more resistant to hydrogenation than the lower boiling
compounds.

Temperature has a large influence on the rate of con-
versicn of the nitrogen compounds and is adjusted up-
wards to maintain the hydrodenitrification rate as the cat-
alyst ages or is deactivated through protracted use. The
temperature should be in the range 500-850° F., pref-
erably 600-756° F. The rate of hydrodenitrification is
fairly low at temperatures below 550° F. - At tempera-
tures much above 800° F. substantial cracking of the hy-
drocarbon cil and coke formation normally cccurs, and
the production of light gases increases markedly. With
less active catalysts than thoss of the present invention
the temperature at the start of the run must be much
higher, and the on streamn time between catalyst regenera-
tions is correspondingly reduced. The active hydro-
denitrification catalysts of the present invention make
possible the use of temperatures at the lower end of the
operating range for long periods of time. Hence, a special
feature of this invention is the relatively low temperature
of operation and the resuliant long catalyst life:

Flevated pressures advantagecusly influence the rate of
hydrodenitrification as well as extending the catalyst ac-
tivity and iife. Pressures as low as 200 p.s.i.g. may be em-
picyed when treating light naphthas, whereas pressures
up to 4000 p.si.g. may be advisable for the substantially
complete hydrodenitrification of highly refractory and
Ligh boiling stocks. Using the highly active catalysis of
this invention the pressure will generally be in the range
2002600 p.s.ig

Hydrogen throughput rate is maintained above about
500 s.c.£./bbl. of hydrocarbon ¢il, and is preferably in
the range 1600-19,000 s.c.f./bbl. More generally, at least
nfficient hydrogen is provided to supply that consumed
in the conversion of the nitrogen compounds and to com-
pensate for incidental hvdrogenation of unsaturates and
oxygen, sulfur, and kalogen compounds, while maintain-
ing a significant hydrogen partiel pressure. The use of
more than 10,0600 s.cf. of H,/bbl. does not generally
produce sufficient improvement in conversion rate to
justify the increased cost.

Table I presents physical inspection data on several
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typical distillable hydrocarbon oils which have been
treated by the process of this invention for the substan-
tially complete removal of nitrogen compounds.

TABLE I
Boiling Range Grav- | Initial,
Hydrocarbon 0il ity, |p.pam
° API | Nto-
IBP | 5% | 50% | 95% | EP tal)
Cracked Naphtha..| 274 | 201 | 331 | 402 419 44.8 220
FCOC Light Cycle
Ofl ... 415 | 451 | 480 | 523 550 25.4 900
Coker Distillate..._| 380 | 447 | 507 | 582 605 24.8 2, 500
Arabian Gas Oil___| 585 ] €26 | 671 714 723 29.1 462
Heavy Cycle Oil.__| 565 | 631 | 704 | 790 840 22.6 566
Heavy Gas Oil_.___ 513 | 602 | 7181 818 862 19.56 2, 500
14% 8%
Cat. Cracker Feed_| 385 625 925 1,045 20. 6 4,000

The cracked naphtha and the light cycle oil of Table
1E are examples of relatively non-refractory hydrocarbon
ofis. The removal of more than 99.9% of the initial
mitrogen content from such distillates is readily accom-
plisked by the hydrodenitrification process.  For exampile,
Table IV below presents typical and preferred operating
conditions which can be used to reduce the nitrogen con-
tent of these and similar stocks to less than 1 p.p.m. using
the preferred high mickel and molybdenum content cata-
lysts, having relative activities of about 4 or better. Using
the highly active catalysts disclosed herein, containing
4-10% Niand 15.5-25% Mo, feed stocks for low temper-
ature hydrocracking containing less than ebout 1 p.p.m.
nitrogen oan be prepared from mon-refractory hydrecar-
bon distiilates similar to the cracked naphtha and light
cycle oil, boiling up to about 606° F. and having initial
nitrogen contents up to about 10,000 p.p.m., by hydro-
denitrification under the indicated preferred operating
conditions.

TABLE IV
Hydrodenitrification of Non-Refractory Oils

Operating Conditions
Typical Preferred Range

Feed Cracked Naphtbha_| <450° T., E.P.
Naphthas.

Initial, ppom. No_____________ 220 e <16,000.

Fival, ppm. N_______ 01 __ <1

Pereent Nitrogen Removal ___| $9.05. ___ """ 99.8-99,99+4-,

Temperature, ° F______.______ 500-700.

Pressure, p.s.ig o _____ 800 200-1,000.

I, Thronghnat, s.c.f./bbl_____ 500-5,000.

Space Velocity, LEHSV.__._____ 2 1-10.,

Feed. oo . <ECC° F., E.P.
Middle Distil-
lates

Initial, p.p.m. N_ <10,000

Final,ppm. N______________ 1 1

Percent Nitrogen Removal.__ §9.8-65.99

Temperature °F______________ 550-750.

Pressure, p.s.dig._________ §00-1,560.

H, Throughput, s.c.f./bbl____ 1,000-10,6C0.

Space Veloeity, LHSV________ 1 0.5~5.

When the cracked naphtha is contacted with the hydro-
fining catalyst (catalyst A, as described above) at 80¢
p.s.ig., 4000 s.cf. Hy/bbl, and 2 LHSV, the temperature
must be raised to above 650° F. o obtain the same degree
of nittogen removal. At 650° F. a space velocity of about
8 or better 1can be used with the active catalysts of this
invention. Thus, a particular advantage of the invention
is that it permits the use of high space velocities in treat-
ing light hydrocarbons. Similarly, using catalyst A to
treat the light cycle oif at 800 p.s.ig., 4000 s.c.f. Hy/bbl.,
and 1 LHSV, the temperature must be raised to above
750° F. to obtain the indicated degree of nitrogen Te-
moval.

The coker distillate and the Arabian gas oil of Table
i are highly refractory stocks, and they require more
severe conditions to effect the removal of more than
99.5% of the nitrogen compounds. Table V presents
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typical and preferred cperating conditions which can be
employed to reduce the nitrogen content of these stocks
to 1 p.p.m. or less when using the high nickel and molyb-
depum content catalysts of this inventicn. Feed stocks
for low temperature hydrocracking, containing less than
10 p.p.m. nitrogen, can:be prepared from such refractory
distillates, boiling up to about 750° F. and having initial
nitrogen contents up to about 18,000 p.p.am., by hydro-
denitrification under the indicated preferred operating
conditions and without substantial cracking.

TABLE V
Hydrodenitrification of Refractory Oils

Operating Corditions

Typical Preferred Range
Feed . ... ___._______ Coker Dis- | Arcbian <750° T, ©. P.
tillate. Gas O1l Gas Oil Distil-

lates.
<10,000.
10

- <10,
80-59.99.

Initial, p.p.m. N_______

Final, p.p.m. N________ 1

Percent Nitrogen Re-
moval.

Temperature, ° F.._.__| 700-715._____ - 650-800.
Pressure, p.s.igo.._____| 1,200 500-2,600.
Hi) Throughput, s.c.f./ | 6,600 _______ 1,000~10,060.
Space Velocity, LESV_| 0.5, ____ 05 | 0.245.

When the coker distillate or the Arabian gas oil are con-
tacted with the hydrofining catalyst (catalyst A) at
1286 psig, 6000-6500 scf. Hy/bbl, and 0.5 LHSV,
the temperature must be raised to above 850° F. to obtain
the indicated typical nitrogen removal, At such high
temperatures excessive cracking of the feed stocks occurs,
and the catalyst is rapidly deactivated by coke formeation.

Hydrocarbon distillates such as the cracked naphtha,
light cycle ofl, coker distillate, and Arabizn gas oil, after
substantially complete removal of the contaminating nitro-
gen compounds, are particularly good feed stocks for the
low temperature hydrocracking process. In that process
the purified oil is contacted at 350-750° F., 500-3000
p.sia. Hy partial pressure, 0.3-5 LHSV. , and in the pres-
ence of 2000-15,000 s.c.f. Hy/bbl. with a low tempera-
ture ‘hydrocracking catalyst. The advaniages gained by
pretreatment of such hydrocarbon oils in accordance with
this invention are illustrated by the following example:

EXAMPLE 3

The FCC light cycle oil of Table 11T was contacted at
620° F., 800 p.si.g., in the presence of 4000 s.c.f. H,/bbi.,
and at a space velocity of 1 LHSV with catalyst M, pre-
pared as described in Example 1, comprising 7.6% MNi
and 21.8% Mo (calculated as the metals) supported on
alumina and presulfided with dimethyldisulfide. After
water washing and distilling to remove NH; the product
oil analyzed 1.5 p.pmm. nitrogen (total). When the tem-
perature was raised to 650° F. the product analyzed only
0.1 p.p.m. nitrogen. Under the latter higher temperature
conditions the product contained 100 p.p.m. nitrogen wher
the conventional hydrofining catalyst (catalyst A) was
used. . When the light cycle oil containing 1.5 p.p.m.
nitrogen is contacted with a low temperature hydrocrack-
ing catalyst, comprising 6% nickel sulfide supported on a
silica-alumina cracking catalyst, the hydrocracking proc-
ess may be initiated at 570° ¥, 1500 p.s.ig., 8000
s.c.f. Hy/bbl,, and 1.0 LHSV, and 60% conversion per
pass may be maintained for over 2500 hours by gradually
raising the hydrocracking reactor temperature to 715° F.
When the feed contains only 0.1.p.p.m. nitrogen, the same
conversion may be maintained for over 4000 hours be-
fore a temperature of 715° F. is reached. But, if 100
P.p.m. nitfrogen were present in the feed, the temperature
would have to be raised to above 700° F. very early in
the run, and the hydrocracking run length (terminated at
715° F.) would be reduced to less than 100 hours.

In the treatment of high boiling stocks such as the heavy
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cycle oil, heavy gas oil, and cat cracker feed described in
Table III, a broad range of conditions may be used de-
pending on the degree of nitrogen removal desired and the
use to which the stock is to be put. Table VI presents
typical and preferred operating conditions which can be
employed to Temove more than 99% of the nitrogen
from the heavy cycle oil and heavy gas oil using the pre-
ferred catalysts of this invention. As shown in Table
VI, the nitrogen content of such high boiling oils, boiling
up to about 860° F., can be sufficiently reduced by this
hydrodenitrification process such that these and similar
stocks may also be subjected to low temperature hydro-
cracking.

TABLE VI

Hydrodenitrification of High Boiling Oils

Operating Conditions

Typical Preferred Range
Teedo oo Heavy Heavy Gas | <860° T, E. P.
Cyecle 0il Oil. Gas Oils.
Initial, p.p.oo. N____.1 566 .. <19,000.
Tinal, p.p.m. N._.___ 1 <10.
Percent Nitrogen Re- | 99.8____.___ §9-69.9.
moval.
Temperature, © F____| 660-675_ 600-800.
Pressure, p.s.lig. ... 1,200 ______ 500-4,000.

* Hs Throughput,
s.c.f./bbl.
Space Velocity,
LiIsV.

4,100, 1,000-1¢,000.

0.5 o 0.2-5.

As shown in Table VI the substantially complete hydro-
denitrification of refractory and high boiling oils, such as
the heavy gas 0il, requires rather severe conditions even
when using the high metal content catalysts. On the
other hand, such a degree of nitrogen removal is incapable
of being accomplished at economically feasible operating
conditions using the hydrofining catalysts. For example,
to obtain the indicated 99.6% nitrogen removal from the
heavy gas oil with catalyst A as 1600 p.s.i.g., 4006 s.c.f.
H,/bbl., and 0.5 LHSV, requires the use of a tempera-
ture in excess of 900° F. Similarly, to obtain the indi-
cated degree of nitrogen removal from the heavy cycle
oil at 1200 p.s.i.g., 4000 s.c.f. Hy/bbl. and 0.5 LHSV with
catalyst A, requires the use of a temperature above 800° F.

Although the hydrodenitrification process is of particu-
lar value for use in the preparation of a feed stock for low
temperature hydrocracking, improved operation and prod-
uct distribution are also obtained in isomerization, hydro-
genation, reforming, catalytic cracking, and like processes
when the feed is first pretreated to remove nitrogen. In
particular, we have found that isomerization catalysts,
especially the solid acid or the dual function type, are
rapidly poisoned by basic nitrogen compounds. The abil-
ity to remove the nitrogen compounds normally present in
hydrocarbon oils makes possible a wide variety of proc-
esces for the upgrading of inferior stocks. Thus, high
quality jet fuel of low freezing point may be prepared by
a process wherein a kerosene boiling range distillate of
appreciable n-paraffin content, normally unsuited for jet
fuel usage, is first treated for the removal of nitrogen
compounds in accordance with the process of this inven-
tion. - The purified oil is then contacted with an isomeriza-
tion catalyst, such as halided platinum-on-alumina or
nickel-molybdenum fon silica-alumina, "at 300-700° F.,
100-2000 p.s.i.g., at a liquid hourly space velocity of
from about 0.1 to 5, and in the presence of added hydro-
gen. Similarly, lubricating oils of low pour point and
high viscosity index may be produced by hydrodenitrifica~
tion of crude wax or wax-bearing distillates and lubricat-
ing oils in the manner set forth herein, followed by isom-
erization at elevated pressure and temperature, in the
range 400-800° F., and at a liquid hourly space velocity
of from about 0.01 to 4, in contact with a catdlyst such
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as the aforementioned platinum-alumina type or, for
example, comprising alumina on which is deposited vana-
dium or tungsten together with molybdenurm, cobalt, or
mickel.

For many purposes a lesser degree of nitrogen removal
is of considerable value provided that relatively moderate
processing conditions can be used. For example, it has
been found that when a heavy gas oil, similar to the heavy
gas oil of Table III, with its nitrogen content reduced to
100 p.p.m. is fed to a catalytic cracking pilot unit operat-
ing at $00° F., a space rate of 1.5, and a catalyst to oil
ratio of 1:5, a total conversion of 51 volume percent and
a 37 volume percent gascline yield are obtained. At a
nitrogen content of 2500 p.p.m. the stock is only 33 vol-
ume percent converted with a 25 velume percent gasoline
yield, at the same operating conditions. Table VII pre-
sents typical and preferred operating conditions which can
be employed to remove the greater portion of the nitrogen
contaminants from stocks such as the heavy gas oil and
the full boiling range cat cracker feed of Table III using
the high activity catalysts of this inventiomn.

TABLE VII
Hydrodenitrification of Heavy Oils

Operating Conditions

Typical Preferred Range
Feed oo Heavy Gas | Cat. Cracker | <1,050 ° F., E. P.
Oil. Feed. eavy Distil-
lates.

Initial, p.p.m. N___| 2,500, e 4,000 oo
Tinal, p.p.m. N____| 100 750
Percent Nitrogen

Removal 96, 85 80--.
Temperature, © F___| 680-695_____. 735758 e o 600-800.
Pressure, p.s.lg.. | 1,600 __.____ 2,000 oo 500-4,000.
I Throughput,

s.c.f./bbl 4,000 4,000 _ 1,000-19,000.
Space Velocity,

LISV __ 0.5 2 0.2-10.

Under the indicated operating conditions of Table VII
only about 50% of the nitrogen is removed when the
hydrofining catalyst (catalyst A) is used for treating
either the heavy gas oil or the cat cracker feed.

In the foregoing comparisons, namely, Tables IV, V,
VI and VII, it would appear that substantially complete
hydrodenitrification could be -accomplished using con-
ventional hydrofining catalysts by resorting to operation
at extremely low space velocities, for example, less than
0.2 LHSV. The use of such low space velocities is par-
ticularly undesirable not only because of the greatly
increased equipment and catalyst costs involved but also
because of the necessarily increased time of contact with
the catalyst at elevated temperature. Protracted exposure
of hydrocarbon oils to high temperatures and catalytic
agents in many cases intensifies -degenerative side re-
actions, notably thermal cracking and degradation of
color and stability. In contrast thereto, for any desired
degree of nitrogen removal the highly active, high nickel
and molybdenum content catalysts permit the use of
more moderate temperature conditions and higher space
velocities. Under such comparatively mild conditions it
has been found that many stocks may be substantially
decolorized by the hydrodenitrification process. For
example, the treatment of the light cycle oil under the
conditions of Example 3 yielded a product which was
essentially colorless (--15 Saybolt).  Thus, it is con-
templated that the utilization of the active nickel-
molybdenum catalysts in the manner disclosed herein
may provide a method whereby many stocks such as
stove oils, lube oil fractions, transformer oils, waxes, and
special products may be purified to an extent not hereto-
fore considered possible.
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We claim:

1. A process for the substantially complete removal of
contaminating nitrogen compounds from a distillable
hydrocarbon oil without substantial cracking and coke
formation, which comprises contacting said oil at a tem-
perature in the range of from 580° to 800° F. and at a
pressure in the range of from 500 to 4000 p.si.g., and
at a liquid hourly space velocity based on said oil of
0.2 to 10, together with 500 to 10,000 s.c.f. of H, per
barrel of said oil, with a sulfided nickel-molybdenum-
alumina catalyst containing 4 to 10 weight percent nickel
and about 19 to 30 weight percent molybdenum, cal-
culated as the metals, removing the resulting ammonia,
and recovering denitrified oil.

2. The process of claim 1 wherein the catalyst con-
tains 6 to 8 percent nickel and 21 to 23 percent
molybdenum.

3. A process for the substantially complete removal
of contaminating nitrogen compounds from a hydro-
carbon oil boiling below about 860° F. and having an
initial nitrogen content below about 10,000 p.p.m., which
comprises passing said hydrocarbon oil at a temperature
in the range 500-850° F. together with 500-10,000 s.c.f.
Hy/bbl. of said hydrocarbon oil, at a pressure in the
range 2004000 ps.ig, and at a liquid hourly space
velocity based on the hydrocarbon oil in the range
0.2-10, through a fixed bed of particulate catalyst pre-
pared by impregnating a preformed predominantly
alumina carrier with nickel and molybdenum compounds
convertible to the oxides by calcination, to provide a
nickel content in the range 4-10% by weight, expressed
as the metal, and to provide a molybdenum content in
the range about 19-30% by weight, expressed as the
metal, and calcining to convert the metal compounds to
metal oxides, said catalyst having been sulfided prior to
contacting with said hydrocarbon oil, cooling the effluent
vapors to condense the normally liguid -hydrocarbons
therein, separating from said liquid hydrocarbons at sub-
stantially the reactor pressure a recycle gas comprising
hydrogen, removing ammonia from the said hydrocar-
bons, and recovering as the product a feed stock for
a low temperature hydrocracking process containing less
than 10 p.p.m. nitrogen.

4. A process for the removal of contaminating nitro-
gen compounds from a distillable hydrocarbon oil, which
comprises contacting said hydrocarbon oil at a tempera-
ture in the range 500-850° F. together with 500-10,000
s.c.f. Hy/bbl. of said hydrocarbon oil, at a pressure
in the range 200-4000 psig., and at a liquid hourly
space velocity based on the hydrocarbon oil in the range
0.2-10, with a catalyst prepared by impregnating an
alumina support having a pore volume in excess of
0.4 cc./gm. and a surface area in excess of 150 m.2/gm.,
as determined by nitrogen adsorption, with an agucous
solution of nickel nitrate to provide a nickel content in
the finished catalyst in the range 6-8% by weight
expressed as the metal, calcining, then impregnating with
an agueous solution of ammonium molybdate to provide
a molybdenum content in the finished catalyst in the
range 21-23% by weight expressed as the metal, calcin-
ing, and contacting the impregnated and calcined alumina
with a sulfiding gas to convert the nickel and molyb-
denum oxides predominantly to the sulfides.

5. A process for the removal of more than 99.9% of
the contaminating nitrogen compounds from a non-re-
fractory hydrocarbon middle distillate boiling up to about
600° F. and having an initial nitrogen comtent below
about 10,000 p.p.m., without substantial cracking or coke
formation, which comprises contacting said distillate at
550-750° ¥., together with 500-10,000 s.c.f. H,/bbi., at
a pressure of 200-1500 psig and at a liguid hourly
space velocity based on the distillate in the range 0.5-10,
with a sulfided nickel-molybdenum-alumina catalyst, sep-
arating ammonia from the contacted middle distillate, and
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recovering a feedstock for low temperature hydrocracking
containing less than 1 p.p.m. nitrogen, said catalyst having
been prepared by impregnating a predominanily alumina
carrier with nickel and molybdentim compounds converti-
ble to the oxides by calcination in an amount sufficient to
provide a total content of nickel and molybdenum ex-
pressed as the metals in the ranges 4-10% by weight
nickel and about 19-25% by weight molybdenum, cal-
cining, and sulfiding the impregnated and calcined cata-
lyst to convert the metal oxides predominanily to metal
sulfides.

6. A process for the removal of more than 99.9% of
the contaminating mitrogen compounds from a refractory
hydrocarbon gas oil distillate boiling up to about 750° F.
and initially containing from about 400 to about 10,000
p.p.m. nitrogen, without substantial cracking or coke
formation, which comprises contacting said distillate at
650-800° F. together with 1000-10,600 s.c.f. Hy/bbl of
said distillate at a pressure of 500-2000 p.s.ig., and at a
liguid space velocity based on the distillate in the range
0.2-5, with a sulfided nickel-molybdenum-aiumina cata-
lyst, separating ammonia from the contacted gas oil, and
recovering a feedstock for low temperature hydrocrack-
ing containing less than 1 p.p.m. nitrogen, said catalyst
having been prepared by impregnating a predominantly
alumina carrier with nickel and molybdeaum compounds
convertible to the oxides by calcination, in an amount
sufficient to provide a total content of nicke! and molyb-
denum expressed as the metals in the range 4-10% nickel
and about 19-25% molybdenum, by weight, calcining,
and sulfiding the impregnated and calcined catalyst to
convert the metal oxides predominantly to metal sulfides.

7. A process for the removal of more than 95% of the
contaminating nitrogsn compounds from a refractory hy-
drocarbon gas oil boiling up to about 850° F., without
substantial cracking or coke formation, which comprises
contacting said oil at 650-800° F. together with 1,000—
10,000 s.c.f. Hy/bbl. of said oil at a pressure of 500-
2,000 p.s.i.g., and at a liquid hourly space velocity based
on the oil in the range 0.2-5, with a catalyst prepared
by impregrating a predominanily alumina support with
nickel and molybdenum compounds convertible to the
oxides by calcination, in amouats sufficient to provide a
total content of nickel and molybdenum expressed as the
metals in the range 4-10% nickel and about 19-25%
molybdenum, by weight, calcining, and sulfiding the im-
pregnated and calcined catalyst to convert the metal
oxides predominanily to metal sulfides, separating am-
monia from the contacted gas oil, and recovering con-
tacted gas oil containing less than 10 p.p.m. nitrogen.

8. A process for the removal of contaminating nitro-
gen compounds from a heavy gas oil catalytic cracker
feed stock boiling up to about 1,650° F., which comprises
contacting said gas oil at 600-800° F. togsther with
1,000-10,000 s.c.f. H,/bbl. of gas oil, at a pressure of
560-4,000 p.sig., and at a liguid hourly space velocity
based on the gas oil in the range 0.2-10, with a catalyst
prepared by impregnating a predominantly alumina sup-
port with nickel and molybdenum compounds convertible
to the oxides by calcination, in amounts sufficient to pro-
vide a total content of nickel and molybdenum expressed
as the metals in the range 4-10% nickel and about
19-25% molybdenum, calcining to convert the nicke
and moiybdenum compounds to the mstal oxides, and
sulfiding the impregnated and calcined catalyst to con-
vert said metal oxides predominanily to metal suifides.

9. A catalyst composition having high activity for the
hydrodeniirification of distillable hydrocarbon oils, which
comprises sulfided nickel and molybdenum oq an alumina
support, the quantity of nickel expressed as the metal
being in the range 4-10% by weight and the guantity of
molybdenum expressed as the metal being in the range
19-25% by weight, prepared by impregnating a pre-
formed alumina support, having a pore volume in excess
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of 0.4 cc./gm. and a surface area in excess of 150
m.2/gm. as determined by Ny adsorption, with an agueous
solution of a nickel compound coavertible to the oxide
by calcination, calcining at 609-1100° F., then impreg-
nating with an agueous soiution of a molybdenum com-
pound convertible to the oxide by calcination, calcining
at 600-1100° F., again impregnating with an aqueous
solution of a molybdenum compound convertible to the
oxide by calcination, calcining at 600-1100° F., and

16

sulfiding to convert the nickel and molybdenum oxides
predominantly to metal sulfides.
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