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[571 ABSTRACT

Highly active cobalt-molybdenum-alumina desulfuriza-
tion catalysts containing 18-30 weight-percent of
MoO; are prepared by first comulling boehmite alumina
with aqueous ammonium molybdate solution, drying
the resulting mixture, then comulling with a soluble
cobalt salt and water, thereafter forming the resulting
mixture into extrudates, and finally calcining the extrud-
ates under controlled temperature conditions correlated
with the molybdenum content of the catalyst so as to
preserve adequate surface area and prevent the forma-
tion of large crystallites of cobalt molybdate. This
method of preparation permits effective utilization of
molybdenum in amounts up to about 30 weight-percent
MoO;, a result not obtainable by conventional impreg-
nation techniques.

7 Claims, No Drawings
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HYDRODESULFURIZATION OF
HYDROCARBON WITH
COBALT-MOLYBDENUM-ALUMINA CATALYST
OF HIGH METAL CONTENT AND HIGH
SURFACE AREA

RELATED APPLICATIONS

This application is a Division of Ser. No. 751,383,
filed Dec. 17, 1976.

BACKGROUND AND SUMMARY OF
INVENTION

Undoubtedly the most thoroughly explored and
widely used catalyst for the hydrodesulfurization of
mineral oils and fractions thereof is of the cobalt-molyb-
denum-alumina type, hereinafter referred to as “CMA”
catalysts. Several methods have been developd and
utilized for the manufacture of CMA catalysts, the most
common probably being impregnation of preformed
gamma alumina supports with aqueous solutions of
ammonium molybdate and a soluble cobalt salt, either
simultaneously or sequentially, followed by calcining at
temperatures ranging between about 900° and 1400° F.
An obvious principal objective in the formulation and
manufacture of such catalysts is to develop the highest
possible desulfurization activity per unit volume of cata-
lyst, consistent with economic limitations.

To develop maximum activity in CMA catalysts, it
would be difficult to conceive of a more obvious avenue
to explore than that of increasing the content of active
metals in the catalyst. However, due to various limita-
tions such as pore volume, pore size and surface area of
the alumina support, as well as other more impondera-
ble factors, it has not yet been found possible to derive
worthwhile benefit from increasing the metal loading of
CMA catalysts beyond certain rather definite levels,
usually between about 18-20 weight-percent MoO, and
4-5 weight-percent CoO. As a consequence virtually all
commercial CMA catalysts contain between about 12
and 16 weight-percent MoO; and about 2-5 weight-per-
cent CoO. In commercially prepared CMA catalysts,
activity usually begins to level off at about 16 weight-
percent MoOs, and at higher MoO; levels, above about
22 weight-percent, a very definite loss in activity is
usually observed. The foregoing is aptly illustrated by
the following Example.

EXAMPLE 1

Two CMA catalysts (A and B) were prepared by first
impregnating preformed gamma alumina supports with
ammoniacal solutions of ammonium heptamolybdate,
followed by drying and calcining at 1200° F. for 2
hours, then cooling and impregnating with aqueous
solutions of cobalt nitrate, followed by a final drying
and calcining at 1200° F. The strength of the impregnat-
ing solutions was such that finished catalyst A con-
tained 22 weight-percent MoQ; and 4.7 weight-percent
CoO, while catalyst B contained 24.1 weight-percent
Mo0O;and 5.6 percent CoO. Both catalysts had substan-
tially identical surface areas of 200 m%/g.

Each of the foregoing catalysts was then activity
tested for the hydrodesulfurization of a Kuwait residual
oil having an API gravity of 16.7° and a sulfur content
of 3.79 weight-percent. The testing was carried out in
an autoclave at 685° F. and 1500 psig hydrogen pres-
sure, utilizing in each test 20 grams of catalyst and 150
grams of the resid feedstock. At five one-hour intervals,
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5-ml samples of the feed were withdrawn and analyzed
for sulfur content, and the relative desulfurization reac-
tion rates, based on second order kinetics, were calcu-
lated. The rate for catalyst A containing 22 percent
MoO; was found to be 166, while the rate for catalyst B
containing 24.1 percent MoO; was 125. (Both rates are
expressed relative to that of a laboratory standard cata-
lyst which contained 12.1 percent MoO; and 4 percent
CoO and had the arbitrary standard reaction rate of
100.) It is thus evident that increasing the metals content
of CMA catalysts beyond certain levels can lead to an
actual decrease in activity.

The present invention is based upon my discovery of
a manufacturing method for CMA catalysts which per-
mits the effective utilization of molybdenum in amounts
up to about 30 weight-percent MoQ; and of cobalt in
amounts up to about 12 weight-percent CoO. Briefly
summarized, this method involves first comulling and
reacting a solution of ammonium molybdate with alu-
mina predominantly in the form of boehmite, and then
drying the mixture at relatively low temperatures, insuf-
ficient to convert the boehmite alumina to gamma alu-
mina. The resulting powder is then comulled with a
water soluble cobalt salt and sufficient water to provide
an extrudable mixture. The final mixture is then ex-
truded, dried and calcined under carefully controlled
temperature conditions.

When the foregoing technique is utilized to prepare
CMA catalysts containing more than about 18 weight-
percent MoOs, the final calcination temperature is very
critical. Calcining such catalysts at temperatures in
excess of about 1250° F. has been found to result in a
drastic reduction in surface area, accompanied by the
growth of cobalt molybdate crystallites of X-ray-
detectable size. Both of these phenomena result in sub-
stantial loss of activity. As will be shown hereinafter, if
the so prepared catalyst contains less than about 18
weight-percent MoQO,, calcination temperatures up to
about 1400° F. can be utilized without forming deteci-
able cobalt molybdate or prohibitively reducing the
surface area. For the metal-rich catalysts of this inven-
tion, the final calcination is carried out at a temperature
which is (a) between about 900° and 1250° F., and (b)
correlated with the MoO; content of the catalyst so as to
give a final surface area of at least M/0.14 m2/ g, where
M is the MoOj content of the catalyst. As will be shown
hereinafter this latter limitation means that for catalysts
containing 26 weight-percent or more of MoQO; the
calcining temperature should be below about 1200° F.

In U.S. Pat. No. 2,911,374 a method for the manufac-
ture of CMA catalysts is disclosed which, except for the
disclosed final calcination temperatures of 1250°-1350°
F., is embraced herein as a species of the present inven-
tion. In this patent, the major portion of the boehmite
alumina to be utilized in the catalyst, in the form of a
wet filter cake, is first mulled with aqueous ammonium
molybdate solution, and then spray dried to a water
content of about 20-40 weight-percent. The remaining
boehmite alumina filter cake is slurried with a cobalt salt
solution and then admixed with the spray-dried alumi-
na-molybdena composite. The entire mixture is then
mulled and extruded, dried and calcined at 1250°~1350°
F. As will be shown hereinafter this procedure can be
effective for catalysts containing the 7-20 weight-per-
cent MoQ;, disclosed in the patent, but for catalysts
containing the high molybdena content required herein,
said procedure results in drastic loss in surface area and
the appearance of large crystallites of cobalt molybdate,
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a result which is prevented herein by utilizing lower
final calcination temperatures.

DETAILED DESCRIPTION

The boehmite alumina empioyed herein as a starting
material may be prepared by any of the procedures well
known in the prior art, as illustrated by the procedure
described in U.S. Pat. No. 2,675,115, In accordance
with this process, a boehmite alumina filter cake is pre-
pared by precipitating aluminum hydroxide from aque-
ous alkali metal aluminate solutions by the addition of a
mineral acid under controlled pH conditions. The re-
sulting washed filter cake, which is substantially free of
alkali metals, may contain about 10-20 weight-percent
solids. This filter cake may be employed as such, as
disclosed in U.S. Pat. No. 2,911,374, or it may be spray-
dried to a water content of about 20-40 weight-percent,
as determined by weight loss on ignition (LOI) at 10600*
C. The drying should not be carried to the extent of
converting any substantial portion of the boehmite alu-
mina to other forms such as gamma alumina.

The molybdate solution is ordinarily prepared by
dissolving the calculated amount of ammonium molyb-
date or ammonium heptamolybdate in sufficient water
to provide a damp powder, paste or slurry when
blended with the boehmite alumina component. To
provide a more stable solution, excess 28% ammonia
solution can be added to the solution in amounts of
about 10-50 volume-percent. To economize on the
subsequent drying step it is preferred to utilize only a
sufficient volume of molybdate solution to provide a
damp powder with the alumina.

Mixing of the molybdate solution with the alumina is
preferably carried out in 2 conventional muller. Mulling
is continued at ambient temperatures for a sufficient
time, usually about 10 minutes to 1 hour, to provide a
uniform mixture. The mulled mixture is then dried and
deammoniated to an LOI of about 20-40 weight-per-
cent at drying temperatures below 500° F., preferably
about 200°-350° F. At temperatures above about 500°
F., boehmite begins to lose water of hydration, forming
gamma alumina. It is preferred that not more than about
10% of the boehmite be converted to gamma alumina
prior to the addition of cobalt. If the molydbate-alumina
mixture is in the form of a damp powder, drying can be
carried out in a conventional circulating air oven. If it is
in the form of a slurry, conventional spray drying tech-
niques can be utilized.

After drying, the powder is mulled with the calcu-
lated amount of a water-soluble cobalt salt and suffi-
cient water to produce an extrudable paste. The pre-
ferred cobalt salt is cobalt nitrate, but other salts such as
the acetate, formate, etc., may also be utilized. In the
preferred modification, all of the cobalt salt is dissolved
in the water phase before mulling, but when utilizing
the technique described in U.S. Pat. No. 2,911,374,
some or all of the cobalt may be precombined with a
portion of the alumina prior to admixture with the
molybdena-alumina composite.

Extrusion is carried out using conventional equip-
ment at pressures between about 200 and 3000 psi, to
form extrudates having a diameter between about 1/20
and } inch. The extrudates are then dried, typically in a
circulating air oven, at temperatures between about
200° and 500° F. Final calcination is then carried out in
a furnace or oven, preferably in circulating air, with
temperatures incrementally increasing over a period of
about 1-12 hours, to the maximum calcination tempera-
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ture, in the range of about 900°-1250° F., which is there-
after maintained for about 0.5-10 hours.

The maximum calcination temperature is a critical
aspect of the invention. The benefits of increased MoO,
loadings are not realized unless the final catalyst dis-
plays a surface area which is at least equal to M/0.14,
and preferably at least M/0.10, where M is the weight-
percent MoQ; in the catalyst, and unless X-ray detect-
able crystallites (~20 A) of cobalt molybdate, Co-
MoO,, are substantially absent. Both loss of surface area
and the formation of CoMoQ; crystallites occur at
lower calcination temperatures as the MoO; content of
the catalyst increases. Therefore, the maximum calcina-
tion. temperature should not exceed the value which
gives a surface area below M/0.14, and preferably
should not exceed the value which gives a surface area
of M/0.10. These values can be readily determined
experimentally for any given catalyst.

The principal characteristics of the CMA catalysts
prepared as above described are as follows:

Broad Range Preferred Range
MoO;, wt. % 18-30 22-28
CoO, wt. % 4-12 6-10
Mo0O,/CoO wt. Ratio 2-6 3-5
Surface area, m%/g 150-300 200-280

The finished catalysts can be utilized under conven-
tional conditions to desulfurize any mineral oil feed-
stock, including gas oils, diesel fuels, naphthas, jet fuels,
kerosene, cycle oils, residual oils, etc. Preferably the
catalysts.are presulfided prior to use by contact with a
stream of sulfiding gas such as H,S—H, mixtures con-
taining about 1-10 vol.% H,S, at temperatures between
about 200° and 700° F. Operative desulfurization condi-
tions fall within the following ranges:

Broad Range Preferred Range
Temp. ° F 400-800 600-750
Pressure, psig 500-3000 700-2000
LHSV 0.3-5 1-4
H,/0il Ratio; MSCF/B 1-10 2-7

The following examples demonstrate certain critical

. aspects. of the invention:
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EXAMPLE 2

A catalyst (C) of this invention was prepared by first
dissolving 83 g of ammonium heptamolybdate in suffi-
cient 50:50 (by volume) water and 28% ammonia solu-
tion to give 230 ml of total solution. This solution was
then blended with 230 g of spray dried boehmite alu-
mina having a water content of about 20-25 wt.%, and
the mixture was mulled for about 20 minutes, resulting
in a homogeneous powder which was damp but not
wet. The powder was then dried overnight in a circulat-
ing air oven at about 180° F. The dried powder was
then mulled for an additional 40 minutes, followed by
mulling with 230 m! of an aqueous solution containing
dissolved therein 97 g of Co(NO;),.6H,0. After mulling
for a time sufficient to achieve an extrudable consis-
tency, the mull was extruded into 1/16 inch extrudates
and dried at 250° F. The dried extrudates were then
calcined for 2 hours at 1200° F.

A comparison catalyst, D, was prepared by the pro-
cedure described above, except that the proportions
were:
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Table 2-continued

Ammonium heptamolybdate 83 g X-ray Analysis
NH,OH scf)lution ; 3?8 ﬂ Calcination Surface Area Phase & Crystallite Size (A)
Volume of molybdate solution o 2
Boehmite alumina 300 g Temp. ° F m‘/g YALO, CoMoOy
Co(NO;), . 6H,0 90 g 1392 178 60 —
Volume of CO&IOJ)Z solution 350 ml 1463 75 95 trace

1510 57 80 72,000

Analysis of the respective catalysts showed the fol-
lowing characteristics:

Wt. % Wt. % Surface Area, X-ray
Catalyst MoO; CoO m’/g Analysis
c 26.2 8.8 198 yALO,(~40A)
CoMoQ, (trace)
D 159 60 313 YALO, (37 A)

In view of the barely adequate surface area of catalyst
C, and the formation of trace amounts of CoMoQ,, it is
apparent that the calcination temperature of 1200° F. is
higher than optimum for this catalyst. Nevertheless,
both catalysts were activity tested for the desulfuriza-
tion of a light diesel oil having an API gravity of 34.7°
and containing 0.65 wt.% sulfur, and at 700 psig,
LHSV =5, 3000 SCF/B of hydrogen and 700° F., cata-
lyst C was found to have an activity of 139, relative to
100 for catalyst D.

EXAMPLE 3

To illustrate more specifically the effect of calcina-
tion temperature, several samples of another catalyst
prepared by the method of catalyst C, and containing 26
wt.% MoQO; and 9 wt.% CoO, were calcined for about
% hour at various temperatures. Surface area determina-
tions and X-ray diffraction analyses of the calcined
samples showed the following properties:

Table 1
X-ray Analysis

Calcination Surface Area Phase & Crystallite size (A)
Temp., ° F m¥/g yAlLO, CoMoO,

1142 237 40 —_

1193 208 45 —

1220 177 49 _

1228 143 62 trace

1238 132 65 1700

1246 120 59 1400

1260 114 69 1200

From the foregoing, it is apparent that for this cata-
lyst the minimum acceptable surface area (M/0.14 =
186) would result from a calcination temperature of
about 1200° F.; higher temperatures result in drastic loss
of surface area and formation of large crystallites of
CoMoO,.

In contrast to the foregoing, when several samples of
another catalyst prepared by the method of catalyst D,
and containing 16.1 wt.% MoO; and 5.7 wt.% CoO,
were calcined at various temperatures and analyzed, the
results were as follows:

Table 2
X-ray Analysis
Calcination Surface Area Phase & Crystallite Size (A)
Temp. ° F m’/g yALO, CoMoO,
1198 319 41 —_
1210 312 45 —_
1220 304 4 —_
1230 304 4 —_
1240 300 33 —_
1254 285 42 —_
1265 286 49 —_
1330 215 45 —_
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The foregoing confirms that for this catalyst the cal-
cination temperatures of 1250°-1350° F. specified in
U.S. Pat. No. 2,911,374 are indeed feasible, the mini-
mum acceptable surface area (M/0.14 = 115) resulting
from a calcination temperature of about 1425° F.

EXAMPLE 4

Another catalyst containing 26 wt.% MoO; and 9
wt.% CoO was prepared by a method which simulates
in most respects the procedure of Example 1 of U.S.
Pat. No. 2,911,374. About 144 g of ammonium hep-
tamolybdate was dissolved in about 250 ml H,O plus 80
ml of 28% ammonia solution. The solution was then
mulled with 250 g of spray dried boehmite alumina and
dried overnight at 110° C. Then 150 g of the same
boehmite alumina was mixed well with 350 ml of an
aqueous solution containing 160 g of Co(NO,),.6H,0.
The resulting slurry was added to the molybdate -
Al,O; powder, and the mixture was mulled for 35 min-
utes to form an extrudable mixture. After extruding and
drying, several samples were calcined at various tem-

peratures and analyzed with the following results:
Table 3
X-ray Analysis

Calcination Surface Area Phase & Crystallite Size (A)

Temp., ° F m¥/g ALO; CoMoO,
1112 268 41 —
1157 244 35 —
1192 208 41 —
1204 195 44 trace
1220 155 4 720
1229 165 53 660
1242 137 62 660

Here, the minimum acceptable surface area of 186
m?/g also results at a calcination temperature of about
1200° F.

The catalyst calcined at 1192° F. was found to have a
desulfurization activity of 130, relative to the activity of
100 for catalyst D, when tested in the same manner.

The following claims and their obvious equivalents
are believed to define the true scope of the invention.

I claim:

1. A process for the hydrodesulfurization of a hydro-
carbon feedstock which comprises contacting said feed-
stock in admixture with hydrogen and under hydrode-
sulfurization conditions with a catalyst comprising a
sulfided composite of about 18-30 weight-percent of
MoO; and about 4-12 weight-percent CoO supported
on an alumina base, said catalyst having been prepared
by the steps of:

(1) comulling boehmite alumina with sufficient of an
aqueous ammonium molybdate solution to provide
the desired MoO; content in the finished catalyst;

(2) drying the composite from step (1) at tempera-
tures below about 500° F. to a water content of
between about 20 and 40 weight-percent;

(3) intimately admixing the dried composite from step
(2) with a water-soluble cobalt salt and sufficient
water to provide an extrudable paste;
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(4) extruding the paste into extrudates having a diam-

eter between about 1/20 and } inch; and

(5) calcining the extrudates at a temperature which is

(a) between about 900° and 1250° F. and (b) corre-
lated with the MoO; content of said catalyst so as to
give a final surface area of at least M/0.14 m%/g,
where M is the weight-percent of MoQO; in said
catalyst.

2. A process as defined in claim 1 wherein said cata-
lyst contains about 22-28 weight-percent MoQ; and
about 6-10 weight-percent CoO.

3. A process as defined in claim 1 wherein said calcin-
ing in step (5) is carried out at a temperature correlated
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with the MoO); content of said catalyst so as to give a
final surface area of at least about M/0.10 m?/g, where
M is the weight-percent of MoO; in said catalyst.

4. A process as defined in claim 3 wherein said cata-
lyst contains about 22-28 weight-percent MoO; and
about 6-10 weight-percent CoO.

5. A process as defined in claim 3 wherein the surface
area of said catalyst is between about 150 and 300 m2/g.

6. A process as defined in claim 1 wherein said feed-
stock is a residual petroleum oil.

7. A process as defined in claim 1 wherein said feed-

stock is a distillate petroleum oil.
* %X x % *



