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[57] ABSTRACT

Catalysts having a high degree of thermal stability,
comprising alumina and one or more of the metals
iron, cobalt, nickel, copper and zinc, are prepared
from aqueous solutions containing a dissolved alumi-
num salt, a salt of at least one of the aforesaid metals
in divalent form, and a delayed precipitant such as
urea. With all components in homogeneous solution at
a relatively low pH and temperature, the solution is
heated to a temperature sufficient to hydrolyze the de-
layed precipitant with resuitant liberation of ammonia
and carbon dioxide homogeneously throughout the so-
lution, until the pH of the solution rises sufficiently to
effect coprecipitation of the metal salts as hydroxides
and/or carbonates. The resulting coprecipitate is then
recovered, washed, dried, shaped and calcined in con-
ventional fashion to obtain a final product which is
very active, and displays much greater thermal stabil-
ity than corresponding prior art catalysts prepared by
non-homogeneous coprecipitation with alkaline, ionic
reagents such as sodium carbonate, ammonium hy-
droxide, or ammonium carbonate. The nickel-
containing catalysts are particularly useful for metha-
nation, but they are all useful in a variety of other
reactions.

10 Claimns, No Drawings
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1.

THERMALLY STABLE COPRECIPITATED -
CATALYSTS USEFUL FOR METHANATION AND
OTHER REACTIONS

RELATED APPLICATIONS

This application is a continuation-in-part of Ser. No.
511,189, filed Oct. 2, 1974, and now abandoned.

BACKGROUND AND SUMMARY OF INVENTION

Catalysts comprising coprecipitated composites of
alumina with oxides of one or more of the metals of
atomic number 26 through 30 (iron, cobalt, nickel,
copper and zinc) are very well known in the art. How-
ever, conventional methods for preparing such .cata-
lysts usually involve adding to an acidic solution of the
desired metal salts a highly aklaline ionic precipitant
such as ammonium hydroxide, potassium hydroxide,
sodium carbonate, etc. This technique always results in
nonhomogeneous coprecipitation because the respec-
tive metal hydroxides precipitate at different pH’s, and
the initial distribution of the precipitant in the aqueous
‘medium is non-homogeneous, with the result that pre-
cipitation occurs non-homogeneously under widely
differing pH conditions throughout the body of the
liquid. Under these conditions it is obvious that a uni-
form coprecipitate. of aluminum hydroxide and the
active metal hydroxide will not be obtained, and there
will not be a high degree of dispersion of the active
metal in the coprecipitate. Actually, the term “copre-

cipitate” may be a misnomer in respect to such meth--

ods; it would perhaps be more accurate to say that what
is involved is merely simultaneous precipitation from
the same aqueous medium. The resulting compositions
are generally deficient in thermal stability, due presum-
ably to the tendency of the unbound and heteroge-
neously distributed active metal to migrate and form
larger agglomerates at high temperatures.

It is known (as described for example in my U.S. Pat.
No. 3,147,227) that individual hydrous metal oxides
and/or phosphates can be prec1p1tated as hydrogels by

_ the slow hydrolysis of urea. This is homogeneous pre-

cipitation because the precipitating agent (ammonia) is
released slowly and uniformly throughout the body of
the solution. However, it would hardly be expected that
a uniform coprecipitation of two or more hydrous
metal oxides could be obtained by this method because
of the large variation in pH at which precipitation of
metal hydroxides occur. Thus, zirconium hydroxide
begins to precipitate at pH of 2.0, aluminum hydroxide
at 4.1, nickel hydroxide at 6.7, and magnesium hydrox-
ide at 10.5.

I have now discovered however that a delayed pre-
cipitant such as urea, which by hydrolysis liberates
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ammonia and carbon dioxide uniformly throughout an -

aqueous medium, can be used to effect a homogeneous
coprecipitation of aluminum hydroxide and an incom-
pletely identified basic compound of one or more of the
metals of atomic number 26 through 30, when the
latter is initially present in solution as a divalent metal
salt. This coprecipitation begins to take place at about

pH 4.0-4.5, and continues substantlally homoge-

neously until completed at a pH in the range of about

© 6.0-7.5. The explanation for this phenomenon is not

understood completely or with certainty, but it would
appear that the ionic divalent metal may precipitate as
some form of basic carbonate, beginning at substan-

60°

tially the same pH at which aluminum hydroxide begins
to precipitate. X-ray analyses of the coprecipitated,
dried nickel-alumina composites have given diffraction

- patterns very similar, but not identical, to that of basic

nickel carbonate, NiCQO3.2Ni(OH),.4H,0.

After drying -and calcining, the coprecipitated com-
posites are found to display a remarkable degree of
thermal stability, as well as high activity. Surprisingly,
these results are obtained even though the surface area
of the active metal in the final catalyst is quite low,
generally below 18 m?/g, even for catalysts containing
as much as 60 weight percent of active metal oxide.

The foregoing surprising results are not merely the
function of a precipitating medium containing both
hydroxide and carbonate ions. U.S. Pat. No. 3,320,182
to Taylor et al discloses a coprecipitated nickel-
alumina catalyst, employing as the precipitant ammo-
nium bicarbonate. As will be shown hereinafter, cata-
lysts prepared by this method are definitely inferior in
thermal stability, compared to the catalysts of this in-
vention.

The remarkable properties of the present catalysts
are not however attributable solely to the homoge-
neous precipitation technique; homogeneous coprecip-
itation is required. The urea hydrolysis method can be
applied separately to an aluminum salt solution, and to
one of the divalent metal salt solutions to obtain homo-
geneously but separately precipitated components. But
upon admixturé of these separately precipitated com-
ponents, the finished catalysts obtained therefrom are
found to be much inferior in thermal stability, and the -
alumina surface area after calcination is very low. It
would thus appear that homogeneous coprecipitation
from the same solution results in some chemical and/or
physical interaction between the two components,
which not only produces superior thermal stability, but
stabilizes the surface area of the alumina component.

DETAILED DESCRIPTION

The operative delayed precipitants for use herein
may be defined broadly as any water soluble compound
which, when dissolved in the mixed salt solution to be
coprecipitated, does not initially raise the pH thereof to
above about 4.0, but which upon heating to a higher
temperature hydrolyzes to give ammonia and carbon
dioxide, thereby raising the pH of the solution to bring
about coprecipitation. From the standpoint of econ-
omy, urea is by far the preferred precipitant, but other
compounds are operative, including materials such as
ammonium cyanate, ammonium carbamate, potassium
thiocyanate, and the like. The amount of precipitant
employed should be at least the stoichiometric amount
required to precipitate all salt components, calculated
as hydroxides. Preferably a stoichiometric excess
amounting to about 10-60% is utilized in order to bring
about a more rapid and complete precipitation. The
metal salts and precipitant may be dissolved simulta-
neously, or separate solutions thereof may be prepared
and blended with each other. The basic requirement is
that all components of the solution should be homoge-
neously dissolved therein at a temperature sufﬁciently
low to avoid any significant prec1p1tat10n prior. to

~ reaching homogeneity.
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Since all of the water soluble salts of aluminum and
the divalent metals, iron, cobalt, nickel, copper: and
zinc, form acidic aqueous solutions, any of such may be
employed herein. From the standpoint of economy and
ready availability, the nitrates, chlorides, sulfates, for-
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mates, acetates and the like are normally utilized. The
salts of monovalent anions are preferred, and especially
the nitrates. The ratio of aluminum salt to divalent
metal salt in the solution should be such as to provide
a coprecipitate which, after calcination, will contain
about 5-80%, preferably 10-80% and still more prefer-
ably about 15-70% by weight of active metal oxide.

Coprecipitation may be produced in the homoge-
neous solution either rapidly or slowly, depending upon
the rate of heatup, the final temperature attained, and
the concentration of precipitant in the solution. At
temperatures below 100° C, urea hydrolyzes at a fairly
slow rate, normally requiring from about 10-50 hours
to bring about complete coprecipitation, if no more
than the stoichiometric proportion of urea is utilized.
However, by utilizing an excess of urea, and/or by oper-
ating at higher temperatures under pressure, precipita-
tion may be considerably hastened, such that comple-
tion may be obtained in 2 to 8 hours or less.

If the heat supply to the reacting solution does not
provide uniform temperatures throughout, agitation or
stirring is recommended, although at temperatures
above about 90° C at atmospheric pressure, there is a
rapid evolution of carbon dioxide which itself provides
considerable agitation. Preferred operating tempera-
tures range between about 90° and 150° C. During
precipitation, as more and more of the acidic salts in
solution are precipitated as basic compounds, the pH of
the solution gradually rises. The initial pH of the solu-
tion prior to any hydrolysis may range between about 1
and 3, and precipitation is ordinarily substantially com-
plete when a pH level between about 6 and 7.5 is
reached. It is important however not to allow the pH to
rise above about 8.0, for at higher pH’s soluble ammo-
nia complexes of the divalent metal compounds begin
to form.

Upon completion of the coprecipitation, the reaction
slurry is then treated in conventional manmer as by
filtration, washing of the filter cake to remove soluble
salts of reaction and excess precipitant, drying and
calcining. Prior to calcination, it is normally desirable
to shape the partially dried coprecipitate into.the form
desired, as by extrusion, pelleting, casting or the like.
Final calcination may be carried out at temperatures
between about 700° and 1200° F for periods ranging
between 1-12 hours or more. The calcined composite
ordinarily has a ‘total surface area ranging between
about 30 and 200 m?%/g, and an active metal surface
area (after hydrogen reduction) ranging between about
2 m?/g (for catalysts of low active metal content) up to
about 18 m?%/g (for catalysts having a relatively high
active metal content).

It is to be understood that when referring to the diva-
lent metals employed herein, such divalency need exist
only in the salt or salts as precipitated; after precipita-
tion, calcination in air, or hydrogen reduction, the
formerly divalent metal may be present at either higher
or lower valencies.

According to one modification of the invention, a

_dried coprecipitate produced as described above may

be admixed with an alumina hydrogel or hydrosol in
order to provide a binder for improving pellet strength.
It has been found moreover that this procedure not
only improves pellet strength but also still further im-
proves the thermal stability of the catalyst, up to tem-
peratures of at least about 1500° F. For purposes of
providing pellet strength, only about 10-25 weight
percent of alumina binder is required, but amounts up
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to about 80-90% may be utilized to prepared catalysts
of higher thermal stability for use in reactions such as
high temperature methanation in the range of about
1000°-1500° F, which are mass transfer limited. Such
mass transfer limitations also render the diluted cata-
lysts useful at lower methanation temperatures in the
range of about 600°-1000° F. Dilution of the catalyst
with a porous alumina matrix assists in overcoming
diffusion limitations, giving a more efficient utilization
of the surface area of the active metal component.

- However, the above dilution technique does not give
the maximum possible stability for a given active metal
content. A far greater improvement in high-tempera-
ture stability is obtained by coprecipitating most or all
of the alumina along with the active metal, so that the
final composition contains at least about 1, preferably
about 1.5 — 20 parts by weight of coprecipitated Al,O,
per part of active metal oxide. This technique provides
for greater microscopic dilution of the active metal by
the alumina. High temperature thermal stability ap-
pears to be strongly correlated with the degree of sepa-
ration of microscopic active metal particles in the alu-
mina matrix. Mixing extraneous alumina with a previ-
ously coprecipitated active metal-alumina composite
does not appreciably change the disposition of active
metal in the original coprecipitate.

USE OF CATALYSTS

Catalysts prepared as described above are useful in a
wide variety of chemical reactions carried out at be-
tween about 300° and 2000° F, in which thermal stabil-
ity is a problem. The nickel-containing catalysts show
outstanding utility in the hydrogenation of carbon ox-
ides (methanation) to produce methane, a reaction
which is generally carried out at temperatures ranging
between about 600° and 1500° F and pressures be-
tween about 100 — 1500 psig. The reaction is extremely
exothermic, and much difficulty has been encountered
in controlling -temperature rise in the reactor. One
widely used technique under adiabatic conditions in-
volves the recycle of large volumes of product gas
(mainly methane) to serve as a heat sink, thus adding
greatly to operating costs.

A less expensive approach to temperature control
involves conducting the methanation in two or more
adiabatic stages, with intervening coolmg of the reac-
tant gases. In the first of such stages, it would be very
desirable to initiate the reaction at low temperatures of
e.g. 500° — 700° F and allow the exothermic tempera-
ture rise to level out at e.g. 1350° — 1500° F, at which
temperature equilibrium limitations substantially. sup-
press further exothermic reaction. The exit gases are
then cooled to e.g. 600° — 950° F and passed into a
second stage in which more favorable equilibrium peak
temperatures of e.g. 1100° — 1250° F are reached. Fur-
ther completion of the reaction can be achieved in a
third stage operating at inlet temperatures of e.g. 500°
— 650° F and peak. temperatures of e.g. 750° - 850° F.
At the latter temperatures, thermodynamics permit the
methanation reaction to go to 95 — 98% completion.

Previously available methanation catalysts do not

“permit of taking maximum advantage of the above

multi-stage operation. At any given methanation tem-
perature, catalyst life is a problem. Some catalysts are
fairly stable at the lower temperatures, but unstable at
the high temperatures. No catalyst has yet been’ found
which can maintain its activity over the wide tempera-

- ture range desired in the first stage operation described
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above. The only known catalysts which are sufficiently
stable at temperatures above about 1100° - 1200° F
rapidly become inactive for low-temperature methana-
tion, to the extent that they will not initiate the reaction
at temperatures below about 1200° F. As a conse-
quence, it has been found necessary to carry out such
first-stage operations with inlet gas temperatures above
1200° F, thereby markedly decreasing efficiency.

The catalysts of this invention can easily be adapted
for use in the above or other methanation processes.
For maximum first-stage stability and activity over the
entire temperature range of 600° - 1500° F, and partic-
ularly at temperatures between about 1100° and 1500°
F, it is preferred to employ catalysts containing about 5
— 40%, preferably about 10 — 30% by weight of NiO.
For maximum stability and activity in subsequent
stages, particularly at temperatures between about
600° and 1100° F, it is preferred to employ catalysts
containing about 30 — 80%, preferably about 40 - 70%
by weight of NiO. :

The cobalt containing catalysts of this invention are
particularly useful in the Fischer-Tropsch reaction,
wherein hydrogen and carbon monoxide are reacted at
temperatures in the range of about 300°-600° F to
produce paraffin hydrocarbons mainly in the Ce—Cy,
range. They are also useful in the water-gas shift reac-
tion wherein carbon monoxide is reacted with steam to
produce hydrogen and carbon dioxide. The copper
containing catalysts of this invention are particularly
useful for nondestructive hydrogenation wherein or-
ganic functional groups such as nitro groups are con-
verted to amine groups. They are also highly active for
the oxidation of carbon monoxide and hydrocarbons in
automotive exhaust gases, and for dehydrogenation of
oxygenated compounds such as alcohols to form corre-
sponding aldehydes.

The iron containing catalysts of this invention are
also useful as oxidation catalysts for the conversion of
carbon monoxide and hydrocarbons in automobile
exhaust gases. A particularly useful combination cata-
lyst comprises both copper and iron in amounts ranging
between about 1040 weight percent CuQ and 1040
weight percent Fe,O;.

When modified by the addition of a minor proportion
of an inhibitor such as an alkali or alkaline earth metal
oxide, the nickel and cobalt catalysts of this invention
are also useful in the steam reforming of C,~Cg paraf-
fins to produce hydrogen by the endothermic reverse of
the methanation and/or Fischer-Tropsch reactions.
Steam reforming is normally carried out at tempera-
tures ranging between about 1500° and 2000° F. At
lower temperatures, in the 700°~1000° F range, these
catalysts are also useful for direct steam gasification of
naphthas to produce methane (an overall exothermic
reaction). '

The following examples are cited to illustrate the
invention, but are not to be construed as limiting in
scope:

EXAMPLE I

A solution of 244 grams of Ni(NQOj;)..6H;0O, plus
1350 grams of AI(NO;)3.9H,0 plus 375 grams of urea
was prepared in 3000 ml H,O. This was placed in an
oven at 95° C until precipitation was reached at a pH of
6.4 (approximately 40 hours). The entire product was
dried at 220° F, then washed three times with 1000 ml

H,O and redried. The dried product was pulverized:

through a 100-mesh screen, mulled with peptized alu-
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mina gel containing 57 grams of Al,O3 (20% by weight
of calcined final product), and extruded through a 1/16
in. die. The product was air-dried overnight, and cal-
cined at 900° F for 2 hours. The finished catalyst ana-
lyzed 20.8% NiO, and had a surface area of 201 m?/g.

- EXAMPLE II

A high-nickel catalyst was prepared as follows:
About 8730 grams of Ni(NO;)2.6H,O was dissolved in
15,000 ml H,O, and 11,250 grams of Al(NO;)3.9H.0
was dissolved in 12,000 ml H,O to which another 3000
ml of H;O was added after mixing the two salt solutions
in a 25-gallon steam-jacketed stainless-steel kettle
equipped with stirrer and thermometer. A third, solu-
tion consisting of 4800 grams of urea in 15,000 ml H,
O was then added to the kettle. The total volume of
solution in the kettle was about 15.4 gallons.

The solution was heated by introducing 15-pound
steam into the kettle jacket. Vigorous stirring was used
to obtain rapid heat transfer; heat-up to 209° F re-
quired about one hour. At this temperature, rapid evo-
lution of CO, occurred dae to urea hydrolysis. After
about four hours at 209°-210° F the pH had risen from
about 2.3 to 4.5, at which point some precipitation had
started. A sample of initial precipitate was taken for
analysis. It contained 74.4% NiO and 25.0% Al,O; after
calcining at 900° F.

By X-ray diffraction analysis of the oven-dried (110°
C) precipitate before calcinination, a pattern was ob-
tained indicating the presence of 50 A crystallites of a
material very similar, but not identical, to basic nickel
carbonate (NiCO;.2Ni(OH),.4H,0). Thus, a nickel
component was precipitating at a pH of 4.5 along with
aluminum hydroxide.

Urea hydrolysis was allowed to continue, the pH
rising to 5.3 in 85 more minutes where it remained for
about two hours before slowly rising to about 6.0 dur-
ing the next 2.5 hours. The slurry was then allowed to
cool overnight before discharge from the kettle and
filtering. :

A sample of filtrate was analyzed for nickel by X-ray
fluorescence and found to contain 3.6 mg Ni/ml. Since
a total of 29 liters of filtrate was collected, 104.4 grams
of nickel out of 1760 grams taken had not precipitated,
or about 6% of the total. A sample of filtrate was
heated at 95° C for another 24 hours and further pre-
cipitation occurred. This precipitate was of almost the
same composition as that of the initial precipitate —
70.1% NiO and 29.9% Al;O, after calcination at 900°
F. This shows that loss of nickel can be substantially
eliminated by longer digestion time or by using slightly
more urea, so that the final pH is close to 7 (but below
about pH 8, where soluble ammonia complexes begin
to form).

After a final water wash, the filter cake was dried at
250° F to an LOI of 32.2%. It was ground to a fine
powder in a hammer mill, dry-ground in a muller for 2
hours, then wet-mulled to an extrudable paste. The
paste was then extruded through a 1/16 in. die, air
dried, and calcined at 900° F for three hours. The fin-
ished catalyst contained 55.9% NiO and had a total
surface area of 184 m?/g.

After reducing for 16 hours at 700° F in 100% H, as
disclosed in J.A.C.S: 86 p. 2996 (1964), the catalyst
was found to have a nickel surface area of 8.3 m?/g, as
measured by the Flow method described in J. Catalysis,
9, p.125 (1967). By the Pulse Chromatographic
Method described in J. Gas Chromatography, 6, p. 161
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(1968), a nickel surface area of 13.4 m?/g was indi-
cated after the catalyst had been reduced at 842° F for
4 hours and desorbed in nitrogen for 16 hours before
cooling to 212° F for the hydrogen absorption measure-
ment. This apparent resistance toward reduction is an

indication of the intimate dispersion of nickel in the

alumina component or vice versa.

EXAMPLE Il

Aluminum hydroxide and nickel hydroxide were
prepared separately by homogeneous precipitation

10

composition established at the lower temperature cor-
responds to approximately 98% conversion of CO.
Thermocouples were placed at less than one-inch
intervals in the catalyst bed and the temperature profile
recorded as a function of time. As the catalysts deacti-
vate, the peak temperature travels slowly down the bed
and is picked up by successive thermocouples. The rate
of deactivation is simply the number of days required
for the peak to travel one inch. The greater the number
of days required, the greater is the thermal stability of
the catalyst. The results of the tests were as follows:

TABLE I
Method of Wt. % Deactivation Rate,
Catalyst Preparation NiO Days/Inch
Example 1 Homogeneous 20.8 8.7
Coprecipitation
Example 11 Homogeneous 55.9 190
Coprecipitation
Example III Separate Homogeneous 21.4 2.3
Precipitation '
Commercial™ >50 6.2
Non-Homogeneous
Coprecipitation
Commercial® >50 0.9

MWell know commercial ALO;-NiO methanation catalyst.
DWidely used ALO;-NiO methanation catalyst for hydrogen purification.

with urea from separate solutions of Ni(NQOj3),.6H; in
H,0 and of Al(NO;)3.9H,0 in water. The final pH of
precipitation of the nickel component was about 7.0
and about 6.4 for the alumina component. Each precip-
itate was dried separately and washed to remove
NH,NQ;. Then each preparation was dried and pulver-
ized through a 100-mesh screen. Enough of the precipi-
tated nickel component was blended with the dried
alumina component to give a final product containing
about 21% NiO (same as in Example I). The blend was
mulled without additional binder and extruded through
a 1/16 inch die. After air drying overnight, the extrud-
ate was calcined for 2 hours at 900° F. The finished
catalyst contained 21.4% NiO and had a surface area of
58 m?/g. The surface area of a pelleted sample of the
alumina component was only 36 m?/g. Thus, coprecipi-
tation with nickel, as in Example I, apparently stabilizes
the alumina surface area.

EXAMPLE IV

The foregoing catalysts, along with two commercial
methanation catalysts, were tested for thermal stability
in a special high-temperature test. The conditions of
the test were as follows:

Feed Gas Composition:

H, 30.9 vol. %
CH, 9.6
co 79
CO, 7.9
H.0 43.7
Inlet Temperature 900° F
Outlet Temperature 1220° F (Calculated Adiabatic)
Pressure 300 psig
Catalyst Volume 85 ml (13’ bed length)

GHSV 10,000

Since the reactor was heated in a fluidized sand bath,
reaction conditions were not adiabatic, but quasi-iso-
thermal. Typically, the peak temperatures were
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1150°-1175° F, dropping to about 925° F at the outlet

as a result of cooling by the sand bath. The equilibrium

It i apparent that the catalyst of Example II is vastly
superior to the remaining catalysts. Further, it is appar-
ent that the Ni/Al ratio in the coprecipitate is a very
significant factor. For practical purposes, the NiO con-
tent should be at least about 30 weight-percent.

EXAMPLE V

This Example demonstrates that the foregoing results
are not obtainable with catalysts prepared by the non-
homogeneous coprecipitation method described in
U.S. Pat. No. 3,320,182, even though the precipitating
anions are the same as in the foregoing examples.

About 350 grams of Ni(NQj3),.6H,O and 450 grams
of AI(NQO;)4.9H,0 were dissolved in 1800 ml H,O. The
solution was heated to 95° C and then, little by little,
413 grams of powdered NHHCO; was added with
constant stirring, while maintaining the temperature at
95°-C. Approximately 105 minutes were required to
add the precipitant slowly enough to avoid loss by
foaming. Periodic additions of hot water were made to
make up evaporation losses.

A second preparation was made exactly as the above,
except the addition time of HN;HCO; was 80 minutes
(pushing the reaction to just short of overflow by foam-
ing), and 425 grams thereof were added. The final pH
in the two cases was 6.1 and 5.9, respectively, making
an average of 6.0. The two batches were combined
after filtration, dried at 250° F overnight and washed to
remove excess nitrate. The washed product was then
dried again at 250° F, mulled to an extrudable paste
with water, and extruded through a 1/16 inch die. The
extrudate was then dried at 250° F and calcined at 900°
F for 3 hours. The final catalyst had a NiO content of
60.2% by weight (47.3% Ni) and a surface area of 200
m?/g. ‘

When tested by the procedure described above, the
deactivation rate was found to.be 113 days/inch versus
190 days/inch for the catalyst of Example II. It is thus
clear that coprecipitation of nickel and alumina from
homogeneous solution by urea hydrolysis gives a dis-
tinctly more stable catalyst (68% more stable in this
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comparison) than does non-homogeneous coprecipita-

* tion by addition of NH,HCO0,.

The following Examples VI — IX show the effect of
varying NiO content, and the ratio of coprecipitated

Al,O; to NiO on stability at different methanation tem- 5 Feed Gas Compggtion, Mol %

peratures.
EXAMPLE VI
A coprecipitated nickel-alumina catalyst was pre-

pared by the urea hydrolysis method as follows: 10

A solution was prepared by dissolving 244 grams of

10

Table 2-continued

Standard High Temperature
Inlet Temp., ° F 900 1300

Peak Temp., ° F 1165 1424
79 22.5

H. 30.9 22,5

CO. 79 0.0

CH, 9.6 0.0

H,0 - 43.7 55.0

The results of the tests were as follows:
‘ Table 3

Wt. % Parts Coppt’d Deactivation Rate, Days/Inch

Catalyst NiO Al,Oy/part NiO 900° F Inlet 1300° F Inlet
Ex. VI 20.8 2.85 8.7 400
Ex. VII 20 0.66 8.0 42
Ex. VIII - 48 0.66 124 64

Ni(N03)2-6H20 and 1350 grams of Al(NO3)3-9H20 in
3000 ml of water. To this solution was added 375 grams
of crystalline urea and the mixture was heated to about
60° C. Then it was placed in a preheated oven at

90°-95° C and held at this temperature level until the 25

pH reached 6.4. The resulting gel was dried and then
washed with 3 one-liter batches of water and redried.
The product was ground to pass a 100-mesh screen and
mulled with enough peptized alumina gel to add 20% of

additional Al QO; to the composite (anhydrous basis). 30

The paste was then extruded through a 1/16 in. die,
dried, and calcined at 900° F for 2 hours. The finished
catalyst contained 20.8% NiO and had a total surface
area of 201 m?/g. The catalyst was tested as 1/16 in.

extrudate as described in Example IX. 35

EXAMPLE VIi

A semi-commercial batch of a nickel-alumina copre-
cipitate was prepared essentially as described in Exam-

ple VI but with a nominal composition of 60% NiO. 40

40% Al,O;. A 158 gram sample of this preparation
(100 g. of 60Ni0.40AL,0; anydrous) was pulverized to
a fine powder and mixed with 268 grams of alumina
hydrate (200 g. anyhydrous Al;O;). This was pelleted

with 2% graphite into 3/16 inch X 3/16 in. tablets and 45

calcined at 900° F for 1 hour. The finished catalyst had
a total surface area of 228 m?/g and a NiO content of
20.0%. The catalyst was granulated to pass through a
12-mesh screen and retained on a 14-mesh screen

(U.S. Sieve) for testing. 50

EXAMPLE VIII

Another sample of the 60% NiO. 40% Al;O; copre-
cipitate from Example VII was pulverized and admixed

with only sufficient alumina hydrate to provide a total 55

of 52% Al, Qs in the finished catalyst (20% added Al-
203). The resulting product was worked up and granu-
lated as in Example VII. It contained 48 wt.% NiO.

EXAMPLE IX 60

The catalysts of Examples VI-VHI were tested by two
procedures, one the standard test described in Example
IV and the other a high temperature test. The test con-
ditions were as follows: :

Table 2
_Standard _High Temperature
GHSV, volume/volume cat. 10,000 10,000
Pressure, psig 300 300
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It is clear that at the low=r inlet temperature (~1165°
F peak temperature), stability is a function of total
nickel content. However, at the higher inlet tempera-
ture (~1425° F peak temperature) there is very little
correlation with total nickel content, but a strong cor-
relation with the extent of dilution of nickel with copre-
cipitated' Al,O;. That is to say, the high temperature
stability is vastly improved by greater separation of the
microscopic nickel particles in the initial coprecipita-
tion process.

EXAMPLE X
Preparation of 60 Co0.40 Al,O;,

A homogeneous solution of a cobalt salt, an alumi-
num salt, and urea was prepared by dissolving 436.5
grams (1.5 moles) of Co(NO,),.6H,O, 562.5 grams
(1.5 moles) of AI(NOj3);.9H,0, and 240 grams (4
moles) of crystalline urea in 1688 ml of distilled water.
The solution was placed in a 3-liter flask equipped with
stirrer, condenser, and thermometer, heated to boiling
and held there until the pH reached 5.9.

The slurry was then filtered, washed by reslurrying
and refiltering three times, and finally washed once on
the filter. The product was dried and calcined at 900°
F. The calcined powder analyzed 55.0% CoO and had
a total surface area of 129 m?g.

As in the case of the nickel analogue, this highly
dispersed cobalt catalyst has exceptional thermal sta-
bility which makes it particularly useful in exothermic
reactions such as the Fischer-Tropsch reaction:

1NCO + (20+1)H; —> gtz + 1H0
or the water-gas shift reaction:

CO + H;0—>H; + CO,
At lower cobalt levels it makes a particularly useful
base for molybdenum or tungsten oxides and/or sul-
fides for hydrotreating (hydrodesulfurization) cata-
lysts. In general, it is useful in a wide variety of oxida-
tion or hydrogenation reactions.

EXAMPLE XI
Preparation of 40 Cu0.60 Al,O,

A homogeneous solution of a copper salt, an alumi-
num salt, and urea was prepared by dissolving 181.5
grams (0.75 moles) of Cu(NO;)..3H0, 562.5 grams
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(1.5 moles) of AI(NOj3)3.9H,0, and 195 grams (3.25
moles) of urea in 1688 ml of distilled water. The solu-
tion was placed in a 3-liter flask equipped with stirrer,
water condenser and thermometer, and heated to boil-
ing and held there until the pH reached 6.5.

The slurry was then filtered, washed by reslurrying
and refiltering, and finally washed on the filter. The
washed product was dried and calcined at 900° F, The

calcined powder analyzed 35.8% CuO and had a sur- -

face area of 39 m%/g. :

This catalyst is useful for non-destructive hydrogena-
tion of organic functional groups such as —NO, to
—NH, (e.g., nitrobenzene — aniline). It is highly active
for the oxidation of CO to CO, (e.g., in the cleaning up
of automotive exhaust). It is also a good dehydrogena-
tion catalyst such as in the conversion of ethanol to
acetaldehyde.

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

I claim:

1. A method for the manufacture of a composite
catalyst comprising about 20-95 wt.% of alumina and
about 5-80 wt.% of an oxide or oxides of at least one
active divalent metal selected from the class consisting
of iron, cobalt, nickel, copper and zinc, which com-
prises:

1. forming at a relatively low temperature a homoge-

neous aqueous solution of an aluminum salt, a salt
or salts of at least one of said active metals, and a
delayed precipitant, said delayed precipitant being
a water-soluble compound which, at said relatively
low temperature, does not bring about any signifi-
cant precipitation of the metal salts dissolved in
said solution, but which will hydrolyze at a rela-
tively higher temperature to form ammonia and
carbon dioxide;

2. heating said aqueous solution to a sufficiently high
temperature and for a sufficient time to bring about
hydrolysis of said delayed precipitant with resultant
gradual increase in pH of said solution, and forma-
tion of a homogeneous coprecipitate of basic com-
pounds of aluminum and of the divalent metal
content of said solution;

3. separating said coprecipitate from said solution

‘before the latter reaches a pH above about 8; and

4. drying and calcining said coprecipitate.

2. A method as defined in claim 1 wherein said de-
layed precipitant is urea.

3. A catalyst composition comprising between about
20-95 wt.% alumina and about 5-80 wt.% of an oxide
or oxides of nickel, calculated as NiQO, said catalyst
having been prepared by the method of claim 1.
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4. A catalyst composition prepared as defined in
claim 1, and consisting of alumina and copper oxide.

5. A catalyst composition comprising between about
30-85% by weight of alumina, and about 15-70% by
weight of an oxide or oxides of nickel, calculated as
NiO, said catalyst having been prepared by the method
of claim 1, using urea as said delayed precipitant.

6. A method for the manufacture of a composite
catalyst comprising about 20-90 wt.% of alumina and
about 10-80 wt.% of an oxide or oxides of at least one
active divalent metal selected from the class consisting
of iron, cobalt, nickel, copper and zinc, which com-
prises:

1. forming at a relatively low temperature, a homoge-

neous aqueous solution of an aluminum salt, a salt
or salts of at least one of said active metals, and a
delayed precipitant, said delayed precipitant being
a water-soluble compound which, at said relatively
low temperature does not raise the pH of said solu-
tion above about 4.0, but which will hydrolyze at a
relatively higher temperature to form ammonia and
carbon dioxide, the proportion of said delayed
precipitant employed being at least sufficient to
generate by hydrolysis an amount of ammonia stoi-
chiometrically sufficient to convert all metal salts
in solution to their hydroxides;

2. heating said solution to bring about a sufficient

hydrolysis of said delayed precipitant to raise the
pH of said solution to between about 6 and 7.5,
with resultant substantially complete coprecipita-
“tion of the metal salts in said solution as hydroxides
and/or other basic compounds; and

3. recovering, drying and calcining the resulting co-

precipitate.

7. The method as defined in claim 6 wherein said
delayed precipitant is urea.

8. A catalyst composition comprising between about '
30-60 wt.% alumina and about 40-70 wt.% of an oxide
or oxides of nickel, calculated as NiO, said catalyst
having been prepared by the method of claim 6, using
urea as said delayed precipitant.

9. A catalyst composition comprising between about
70-90% by weight of alumina, and about 10-30% by
weight of an oxide or oxides of nickel, calculated as
NiO, sufficient of said alumina component having been
coprecipitated with said nickel oxide component by the
method of claim 6, using urea as said delayed precipi-
tant, to provide in the finished catalyst at least one part
by weight of coprecipitated alumina per part-of said
nickel oxide component.

10. A catalyst composition prepared as defined in

claim 6, and consisting of alumina and copper oxide.
k k% %k %



