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This invention relates to methods for the catalytic hy-
drocracking of high boiling hydrocarbon oils to produce
therefrom lower boiling fractions such as gasoline. . More
particularly the invention concerns. the use of certdin
novel: catalysts for the hydrocracking, said catalysts be-
ing composed- substantially exclusively of silica; zirconia,
and titania. <
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It is a principal object of this invention to provide effi- |

cient and selective catalysts for the hydrocracking of min-
eral oils, which will effect a maximum conversion to kigh
quality gasoline-boiling range hydrocarbons, and a:mini-
mum of destructive degradation to products such as meth-
ane and coke. Another object is to provide active cata-
lysts which are also thermally stable, and hence may be
utilized for long periods of time, and may be regenerated
by combustion when the activity declines. Another.ob-
ject is to provide optimum process conditions for the
utilization of such catalysts. A further object is to pro-
vide hydrocracking catalysts which are more economical
than previously utilized catalysts. A still further object
is to provide miethods for effectively. desulfurizing and
denitrogenating. high boiling feed stocks. A specific ob-
ject is to provide catalysts which are effective for the
hydrocracking of such highly refractory. stocks as cycle
oils from conventional thermal or catalytic cracking,
‘whereby additional conversion to gasoline may be ob-
tained. " Still another object is to provide effective pro-
moters for increasing the intrinsic activity of silica-zir-
conia-titania hydrocracking catalysts, and prolonging the
active life thereof between regenerations. Other objects
and advantages will be apparent from the description
which follows. :

It is well known that the cracking of petroleum stocks,
such as virgin gas oils from any type of crude oil, invari-
ably leads to the productich of a considerable proportion
of a fraction which beils in the same range as the initial
charge stocks, but which is much more refractory toward
further cracking. ~This is true whether the cracking proc-
ess is noncatalytic or catalytic, and as a result there are
definite limitations on the degree to which profitable re-
cycling of this fraction to the cracking operation can be
practiced. The effect of increased refractoriness of the
“unconverted” portion of a cracking stock is particularly
limiting in the case of catalytic cracking, so much so that
only small recycle ratios are generally employed, further
conversion of the recycle stock often being effected in a
subsequent thermal cracking operation. Recycling to ex-
tinction invariably results in poor selectivity. of the con-
version to gasoline as a result of excessive formation of
carbonaceous catalyst deposits and of light hydrocarbon
gases. This is also true in thermal cracking, except that,
instead of carbonaceous catalyst deposits, a large amount
of heavy tar of high carbon content is formed.

The refractoriness of cracked recycle stocks is the re-
sult, principally, of the formation of polynuclear aromatic
hydrocarbons through reactions of dehydrogenation, hy-

drogen . transfer, cracking, cyclization, or condensatios:.

It is well known, for example, that recycle stocks from
catalytic cracking have a high content of methylnaph-
thalenes. These may be formed by the cracking of long
side-chains or of saturated rings attached to a naph-
thalene nucleus, by the dehydrogenation of polynuclear
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naphthenes or aromatic-naphthenes such as alkyltetralins,
and even by the polymerization and cyclization of olefins
produced from saturated hydrocarbons or alkyl side-
chains. In thermal cracking, one important mechanism
of polynuclear aromatic hydrocarbon formation is the
condensation of diolefins with aromatics of lower ring
content.

-In catalytic cracking, another important factor leading
to apparent refractoriness is the accumulation of pyridine-
or quincline-type compounds and carbazoles in the re-
cycie stock. These basic nitrogen compounds exert a tem-
porary peisoning effect on the acidic catalyst centers, and
low conversion of the cycle stock results. v

The above-noted difficulties are avoided or minimized
by the process herein described, Thus, by preventing
complete dehydrogenation of polynuclear naphihenes to
polynuclear aromatics, by hydrogenating at least partially
the polynuclear aromatics already present in the charge
stock, by preventing high olefin or diolefin content with
subsequent reactions of polymerization, cyclization, or
condensation, and by decomposing basic nitrogen com-
pounds to ammonia, relatively high partial pressures of
hydrogen can permit a maximum theoretical conversion
of heavy hydrocarbons of all types to hydrocarbons boil-
ing in the desired gasoline range.. A process which, in a
single step, employs sufficient hydrogen to cause an ap-
preciably greater conversion of any higher boiling hydro-

“carbon mixture to gasoline. than is possible in one step

‘by conventional catalytic or noncatalytic cracking proc-
esses is termed “hydrocracking” for the purposes of this
description of invention. In all cases such a process will
depend on the use of a suitable catalyst which not only
promotes cracking but also activates molecular hydrogen
to such an extent that hydrogen will enter into the crack-
ing at some stage, presumably in the very initial stages.

From the above discussicn it will be apparent that the
catalysts - of the present invention may be ‘used advan-
tageously in the hydrocracking of virgin gas oils, whereby
greater conversion to gasoline is obtained in a once-
through operation than would be obtained in a similar
once-through operation in conventional cracking proc-
esses, and also the “Gnconverted” fraciion is not degraded
with respect to refractoriness, and may hence be recycled
substantially to extinction. It will be apparent also that
the catalyst may be employed to treat the refractory resi-
dues from. conventional cracking operations whereby a
substantial yield of high quality gasoline is obtained.”
The residue from this operation may likewise be recycled
either to the hydrocracking step or back to a conven-
tional cracking step in the absence of hydrogen. These
results are not- obtainable when treating such recycle
stocks with a conventional silica-alumina catalyst; hydro-
gen js practically without effect on the cracking of such
stocks with this catalyst,

The hydrocracking conditicns employed herein involve
passing the vaporized hydrocarbons over the finished cata-
lyst at temperatures ranging between about 500° and 950°
F. (preferably between 600° and 850° F.), hydrogen

“pressures above aboui 100 psi.g., preferably between

about 500 and 5000 p.s.i.g., and space velocities ranging
between about 0.1 and 10.0. The preferred hydrogen

- ratics may range between about 1000 and 10,600 s.c.f.
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per barrel of feed. The minimum  hydrogen pressure
of about 500 pisig. 'is critical herein when treating
highly refractory, aromatic cycle stocks; at lower pres-
sutes dehydrogenation is favored, resulting in increased
aromaticity and refractoriness of the stock. The optimum
conditions herein defined are adapted to effect partial hy-
drogenation of fused-ring aromatic hydrocarbons to more
highly saturated ring compounds, which are in turn more
readily cracked to produce ultimately, -momnocyclic aro-
matic hydrocarbons and low-boiling paraffins.
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The basic active component of the catalysts employed
herein consists of the silica-zirconia-titania composite,
herein referred to as the hydrocracking “base.” This
base, more particularly described hereinafter, is not to
be confused with conventional catalyst carriers, whose
function is merely to provide an extended surface area
for the deposition of other active ingredients. I have
recently shown that the silica-zirconia-titania composites
in themselves possess excellent imtrinsic hydrocracking
activity. None of the three ingredients thereof singly,
or any combination thereof, had been previously known
to. possess hydrocracking activity, and only the silica-
zirconia combination had been known to possess crack-
ing activity, and this only in the absence of hydrogen.
It hence came as a distinct surprise to find that the
silica-zirconia-titania composite was an active hydro-
cracking catalyst, and was more active than silica-zir-
conia, and at least as active as silica-titania while being
considerably more heat-stable,

The term “heat-stable” as employed herein refers to
the resistance of the active, amorphous compositiors
toward the formation of definite crystalline phases under
the influence of prolonged heating and/or high tempera-
tures. The formation of such crystalline phases has been
found to parallel roughly the decline in intrinsic activity of
the catalysts, i.e., the decline which is not attributable to
extrinsic factors such as fouling with coke or other
poisons. The term “activity” refer to the ability of the
catalyst to promote the formation of gasoline from higher
boiling materials under the described hydrocracking con-
ditions. This “activity” factor has two counterparts:
over-all ability to promote the hydrogenative scission of
hydrocarbons under hydrogen pressure, and specific selec-
tivity for promoting the formation of gasoline in pref-
erence to undesired materials such as coke, methane,
ethane, propane and the like.

The base compositions found to be most useful for
hydrocracking comprise those which contain between
about 5% and 75% of silica, between about 5% and 75%
zirconia, and between about 5% and 75% of titania, all
proportions being by weight on a dry basis. The pre-
ferred bases are those wherein zirconia and titania com-
prise the major portion thereof, silica being the minor
component. The high-silica compositions are generally
quite heat stable, but those containing more than about
65% by weight of silica are in general much less active
than those containing lesser proportions. The bases
containing less than about 10% of silica may be initially

_ quite active, but are not sufficiently heat-stable for most
practical purposes. The optimum proportions of ingredi-
ents are roughly equi-molar; ie., the equimolar com-
positions appear to exhibit the optimum combination of
activity, selectivity, and heat stability, The mole-ratio
of ZrO,/TiO, is preferably between about 0.2 and 2.0.
The highest activity is exhibited by those compositions
containing more than 15% of titania, and more than
15% of zirconia in the base. The greatest heat stability
is exhibited by those base compositions which contain
less than about 65% of titania. For all these reasons
the preferred base compositions embrace those falling
within the following ranges. -

Component: Optimum wt. percent
SiHCA - 10-65
THAMAE oot 15-65
Zirconia . 15-65

In the preparation of active silica-zirconia-titania cata-
lysts it is essential that the three components be extremely
intimately niixed, such as is achieved by coprecipitation
of Si0,, TiO; and ZrO,.  Such catalysts may be prepared
by any method which provides a sufficiently intimate
association of the components. WMolecular subdivision
and distribution of the components in an amorphous, acti-
vated gel structure is preferred. Suitable methods for ob-
taining such composites includes for example: (1) the
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impregnation of a hydrogel or adsorbent gel of one com-
ponent, or of a mixture of two components, with a
solution or hydrosol of the other component or compo-
nents, followed by drying and calcining; (2) coprecipita-
tion of all three components from a solution or solutions
of soluble compounds thereof, followed by drying and
calcining; (3) coprecipitation of two of the components
from a solution or solutions of soluble compounds there-
of, followed by impregnation of the two-component gel
with the third component, followed by drying and cal-
cining. Any other method may be employed which pro-
vides a sufficiently intimate association of the components,
It is to be poted that the methods employing impregna-
tion (methods 1 and 3) are feasible only where the mate-
rials added by impregnation are to make up a minor por-
tion, e.g., 5-20% by weight of the finished catalyst,

One method of effecting coprecipitation involves form-
ing an aqueous solution of acidic compounds of all three
components, e.g., fluosilicic acid, zirconyl chloride, and
titanium tetrachloride, and mixing this solution with a
suitable alkali such as ammonium hydroxide, thereby to
effect a precipitation of the hydrous oxides of silica, ti-
tania and zirconia. The precipitate is then removed by
filtration, washed exhaustively to remove contaminating
ions, dried and calcined.

Anocther and preferred coprecipitation process may be
carried out by forming an aqueous solution of sodium
silicate containing excess alkali such as ammonium hy-
droxide, and mixing the alkaline silicate with a second
solution of soluble, acidic titanium and zirconium salts,
‘e.g., zirconium sulfate and titanium sulfate.

Any suitable soluble salts-or hydrosols of silica, zirconi-
um and titanium may be employed in the above or other
coprecipitation methods described herein, The general
objective is to obtain an intimate mixture of the hydrous
oxides, or of insoluble compounds which may be trans-
formed to the oxides upon calcining. Suitable materials
for preparing coprecipitated composites include for ex-
ample zirconyl chloride, zirconyl bromide, zirconyl
iodide, zirconium sulfate, zircomium acetate, titanium
tetrafluoride, titanium tetrachloride, titanium tetrabro-
mide, titanium tetraiodide, titanium sulfate (e.g.,

TiOS0, - HaS0,-8H,0)

titanium oxalate, sodium silicate, potassium silicate, fluo-
silicic acid, silica hydrosols, and the like. The zirconyl
halides listed above may be formed in situ by adding to
water the corresponding tefra-halide of zirconium.

In one modification, a mixture of crude silica, titania
(rutile or anatase), and zirconia may be digested with
hydrofluoric acid until all three components are dissolved,
and the resulting solution then neutralized with alkali,
thereby precipitating the mixed hydrogels. In another
modification mixtures of crude titania and zirconia may
be digested with acids, e.g., sulfuric or hydrofiuoric, until
dissolved, and the resulting solution mixed rapidly with
a sodium silicate solution containing sufficient excess
alkali to neutralize the free acid, thereby precipitating
hydrous silica, titania and zirconia.

1t should be noted that all three of the hydrous oxides
arelgenerally precipitable over the pH range from about 3
to 12.

The coprecipitated gels prepared by any of the above
methods are recovered as by filtration or the like, washed
exhaustively, dried and calcined at e.g., 500-1500° ¥. for 1
to 24 hours to form a xerogel. If the hydrous gels are
contaminated with aikali metals, it is preferable to leach
with ammonium sulfate, ammonium nitrate or ammonium
-chloride solutions to replace the alkali metal ion with am-
monjum ion which is decomposed to hydrogen jon during
calcining.

An important consideration in preparing the coprecipi-
tated gels involves the hydrogen ion concentration of the
aqueous medium in and surrounding the immediate zone
of precipitation. It has been found that when alkaline
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sodium silicate solutions are stirred gradually into a large
volume of acidic titanium and zirconium compounds,
whereby the precipitation occurs in a prevailingly acidic
environment, the resulting catalysts are generally much
less active than those prepared by gradually stirring the
acid salt solutions into a large volume of alkaline silicate.
In the latter case, the precipitation occurs in an environ-
ment which is prevailingly alkaline. It is therefore pre-
ferred that the coprecipitation be carried out under con-
ditions such that the prevailing environment is one of
alkalinity, i.e., at a pH between about 6 and 12. Repeated
experiments have demonstrated that the base catalysts
prepared by coprecipitating in acid environment, ie., at a
pH between about 2 and 6, are initially substantially less
active than catalysts of the same nominal composition pre-
cipitated from alkaline solutions. - The most practical
method presently contemplated for obtaining controlied
alkaline precipitation involves the simultaneous mixing in
a small surge zone of a stream of acidic solution of zir-
conium and titanium salts with a stream of alkaline sili-
cate solution containing sufficient excess alkali to neu-
tralize the acid salt solution. The flow rates of the respec-
tive streams are controlled so as to provide a substantially
constant pH in the mixing zone. However, any other prac-
tical method may be utilized which effectively maintains
the precipitating environment under prevailingly alkaline
conditions during precipitation.

While the effect of pH during precipitation is not com-
pletely understood, it is found that the bases prepared
under alkaline conditions exhibit a substantially higher sur-
face area and pore volume than those prepared under acid
conditions, which factors would appear to account in
large part for their improved activity. - Thus, in one series
of preparations by coprecipitation, the following surface
area and pore volume characteristics of the pelleted cat-
alysts were found:

TABLE 1
Composition, Wt.
Percent pH of | Surface Pore
Catalyst pptn. | _Ares, Volume,
M2/gm ml./gm
Si0s | ZrOs | TiO2
23 47 30 5.0 111 0.306
28 1. 47 30 8.5 191 0.481
50 20 30 5.0 189 0.295
50 20 30 8.5 200 0,468

Catalysts B and D exhibit a substantially greater hydro-
cracking activity than catalysts A and C, respectively. It
is therefore preferred to utilize the catalyst bases having
a pore volume in excess of about 0.3 ml. per gm. of cat-
alyst peliet. When the respective bases are impregnated
with a promoter, the final catalysts prepared from the
alkaline coprecipitated bases also display higher surface
areas and pore volumes than those prepared from the acid
precipitated bases.

It has been found also that the coprecipitated bases pre-
pared from the sulfate salts of zirconium and titanium are
somewhat more active and stable than the compositions
prepared from the halide salts. - It is therefore preférred
to utilize the soluble sulfates of zirconivm and titanium.

Suitable alkalis to be used in coprecipitation comprise
for example ammonia, sodium hydroxide, potassium hy-
droxide, lithium hydroxide, or in general any of the alkali
metal or ammonium hydroxides, carbonates, bicarbonates,
sulfides or hydrosulfides. Organic bases such as methyl-
amine, dimethylamine, trimethylamine, tetramethyl am-
monium hydroxide, hexamethylene tetramine and the like
may also be used. -

In any of the above preparation methods, the catalyst
may be formed into pellets or granules at various stages in
the manufacture. The moist powders may be compressed
or extruded to form pellets prior to calcining, or the cal-
cined, powdered gels may be compressed to form the de-
sired pellets. Ordinarily it is desirable to employ the
catalyst in the form of pellets or granules ranging in size
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from about %% inch to %4 inch in diameter. In forming
such pellets it may be desirable to employ minor propor-
tions of binders such as hydrogenated corn oil or the
like, and in case the dry materials are to be pelleted, a
small proportion, e.g., 1-2% by weight, of graphite may
be incorporated therein to act as a lubricant. The binders
and lubricants, if employed, are removed by combustion
during the final calcining. Those skilled in the art will
readily appreciated that other compounding and pelleting

procedures may be employed.
The above catalysts may be utilized for hydrocracking

~-a great variety of mineral oil feed stocks, which are gen-

15

20

49

50

55

60

65

70

75

erally high boiling fractions derived from petroleum
stocks, shale oils or tar sands. The catalysts are espe-
cially useful for hydrocracking coker gas oils, refractory
cycle stocks from comventional cracking operations, or
alternatively they may be used for hydrocracking virgin
gas oils to prevent the buildup of refractory residues from
the cracking operation. Any of these feed stocks may also
contain organic sulfur in amounts up to about 4% by
weight, and organic nitrogen in amounts up to about 2%
by weight. In the hydrocracking process these sulfur and
nitrogen compounds are largely decomposed.

After long periods of use, the catalysts may decline in
activity to an undesirable level as a result of coke deposits
and other inactivating factors associated with the hydro-
cracking process. When this occurs, the catalysts may be
restored substantially to their initial activity by oxidative
regeneration, as by heating in the presence of air, or air-
flue gas mixtures at 350°-800° C. for 3 to 48 houss.

The following examples are cited to illustrate the effec-
tiveness of the herein described catalysts for hydrocrack-
ing, but such examples should not be construed as limiting
in scope:

Example 1

A series of coprecipitated base catalysts, each contain-
ing silica and one or more of the components zirconia,
and titania was prepared by neutralizing ammoniacal
sodium silicate solutions with appropriate proportions of
acidic solutions containing varying proportions of zir-
conium sulfate (Zr(SO4)s-4H;0), or titanium tetrachlo-
ride, or both. The overall proportions of the salts utilized
were such as to give the desired ratio of silica, zirconia,
and/or titania in the finished catalyst. The method of
precipitating involved adding the acidic zirconium and/or
titanium solution gradually with stirring to the am-
moniacal sodium silicate solution containing sufficient
ammonia exactly to neutralize the acidic salt solution
when completely added. The resulting coprecipitation
occurred at a pH ranging from about 12 to 6. Other cat-
alysts were prepared by the reverse order of addition
with results as indicated below.

The mixed hydrogels from the above coprecipitations
were filtered from the solutons, partially dried, washed
with an aqueous ammonium sulfate solution to remove
zeolitic sodium, washed with water until free of sulfate,
dried, pulverized and formed into 18’ pellets. The pel-
lets were then calcined at 900° F. for 18 hours.

Pure zirconia and titania gels were prepared by precipi-
tation with amimonia from agueous solutions of zirconyl
chloride or titanium tetrachloride, followed by washing,
drying and calcining.

The catalysts prepared as outlined were then tested
for hydrocracking activity employing a refractory cycle
stock from a commercial catalytic cracking operation,
representing a relatively difficult stock for conversion to
gasoline by conventional catalytic cracking processes.
This stock had-the following characteristics:

API gravity at 60° F. ________________ degrees_.. 21.3
ASTM distillation end point o ___.____ °F__ 673
Vol. percent 400° F. end-point gasoline ____.______ 2.1
Wt. percent sulfur o 0.92
Wi. percent nitrogen ool 0.14
Vol. percent aromatics oo wemeee oo 62



3,159,588

' g

§
Vol. percent olefins . 5
Vol. percent saturates 33
The processing conditions employed were as follows:

8

Catalysts MNo. 13 and 14, while initially quite active,
are definitely inferior to the three-component catalysts 6
to 11 in terms of thermal stability. Catalysts 6 to 11
showed by differential thermal analysis, major transition

Temperatiile e °F_. 900 . .
Presinlre p.sig.. 1000 5 points in the temperature range of 1324° to 1530° F,,
1Hsy e 0.5 while No. 13 showed a major transition point at only
_____________________________________ . " N o h
H,/liquid feed s.c.f./bbl_ 8000 1121° F., and No. 14 showed no distinct transition point,
Leznoth of runs oo '.hours“ 6 crystallization occurring evenly over a broad temperature
T‘l’ 1 f:i_l__“'““'““"—““f_l-l o range. The addition of zirconia hence provides a definite
he results of the various runs were as follows: 10 improvement in thermal stability.
TABLE 2 In addition to the data reported in Table 1, it was
Oatalyst found that the products from the hydrocracking runs
Gasoline Yield, were substantially desulfurized and denitrogenated. For
Composition, Vol. percent of feed | Average the preferred catalysts 6 through 12, it was found that
. Wt. percent tivity 15 desulfurization was from 69% to 96% complete, and
o denitrogenation was from 75% to 98% complete.
Si03 Zr0Oz | TiOz Avg.t Max.?
0| 100 0 19 21 64 Example 11
10 90 0 35 36 77
20 80 0 37 29 67 20 . N .
38 27;8 13 ;1)(8) gé :;2 This example demonstrates the critical range of SiO,
20 70 10 41 48 3 content in the catalyst.
x & » » (5 e A series of catalysts of varying SiO, ratio, but substan-
20 40 40 53 74 68 tially constant ZrQ,/TiQ, ratio, were prepared and tested
2 s = o ;(IJ 1% 25 for hydrocracking a mixture of light catalytic cracking
gg 18 ;738 gg (73(13 gg cycle oils, the mixture having a gravity of 23.7° API, an
10 0 90 54 65 78 end point of 657° F. and an acid-solubles content of 58%.
. o % pe] A 8 Thehydrocracking conditions were:
30 Temperature o _ °F__ 850
1 Average for full six hour run. PLESSUTS oo e p.s.ig__ 3000
2 Product from ﬁ‘gsti hour Oftrlm- Jine vield LHSV 2.0
fethn ol. percent gasoline yie. .
3 Selectivity =15 o1 peacent Hq%d residufexwf)-b o o Ho/oll . s.c.f./bbl__ 8000
¢ Catalysts coprecipitated over pH range from abou o 7; others eyl £, .
coprecipitated over range from about 12 to 6. The results were as follows:
TABLE 3
Catalysts Research Getane
Hours Vol. Percent No.
on Percent Cyt+
Stream | Conver- Gaso-
No. Composition, Wt. Percent sion line b Clear 43 ml.
TEL
20 8109-50Z1 02-30T1050um e e eemcmcmcmeae 20 49.4 56.5 83.4 04.6
30 Si03-427r04-28T103.-- 2 40.7 46.7 85.6 96.3
50 8i02-30Zr02-20T105. _ 18 20.7 32.6 85.3 9.6
75 8i0-2152r03-10Ti0s. __ 23 16.5 17.6 84.7 93.9
(20 8102-502r02-30Ti05) 1.2 Ni- 18 54.3 63.1 83.0 94.6
(30 8i032-427r02-28Ti03) 1.0 Ni_ 28 58.0 69.4 84,7 96.8
~| (50 S102-30Zr02-20T302) 1.0 Ni. 20 52.7 60.5 5.3 97.3
(75 8103-16Zr02-10Ti03) 1.1 Ni.._ 26 23.7 25.5 84,2 9.9

s Catalysts prepared by coprecipitation of Si03-ZrQ;-TiOs from ammoniacal sodium silicate and Zr(S04)s-

Ti080; solutions.

b Volume pereent of cycle oil feed.

From the foregoing data it will be apparent that the
acid solution of zirconium and titanium, are substantiaily
three-component catajysts 5 through 12, and 16, are in
general substantially more active than either the single-
component or the two-component silica-zirconia cat-
alysts, in terms of average gasoline yields. The selec-
tivity of the three-component catalysts is also in most
cases superior to the two-component catalysts. Catalysts
3 and 5, which were coprecipitated in an acid environ-
ment by pouring the ammoniacal sodium silicate into the
less active than corresponding catalysts 4 and 6 respec-
tively, which were precipitated in an alkaline environ-

ent by pouring the acidic. zirconium-titanium solution
into the ammoniacal sodium silicate. In the case of
catalyst 5 however, the high selectivity indicates that
under more severe processing conditions the gasoline
vield could be increased without unduly impairing the
selectivity.
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Calcined base Impregnated with nicke! nitrate and recalcined.

From the above data, it wiil be apparent that 50%
is about the maximum Si0, content for the unpromoted
catalysts 28-31, if maximum activity is desired. For the
promoted catalysts 32-35, a considerably larger propor-
tion of SiO, is permissible, ranging up to about 75%,
but for acceptable activity about 65% is the top limit.

Catalysts which contain less than about 10% S5i0, may
be initially very active, but soon decline as a result of
marked thermal instability.

This application is a continuation-in-part of application
Serial No. 698,398, filed November 25, 1957, which in
turn is a continuation-in-part of (1) application Serial No.
617,222, filed October 22, 1856, and (2) application Serial
No. 539,680, filed October 10, 1955, all of said patent
applications now beinz abandoned.

From the above examples it will be apparent that the
catalysts described herein exhibit surprisingly high activity
for the hydrocracking of refractory cycie stocks and other
heavy oils to produce high yields of high-octane gascline,
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and good desulfurization and denitrogenation of such oils.
It is not intended that ihe invention should be restricted to
the details disclosed in the examples or elsewhere, since
many variations may be made by those skilled in the art
without departing from the scope 'or spirit of the following
claims.

1 claim: )

1. A hydrogenating-cracking catalyst consisting essen-
tially of coprecipitated titanium oxide, zirconium oxide
and silicon oxide in intimate admixture, the silica content
of said catalyst making up a minor proportion greater
than 10% thereof, the zirconia content being -‘between
about  15% and 65%, and the titania content being be-
tween about 15% and 65%, said catalyst having been
prepared by coprecipitation of- the hydrous gels of titania,
zirconia and silica, followed by washing and calcining of
the mixed hydrous oxides, said coprecipitation step being

carried out by admixing an aqueous alkaline solution with

an aqueous acidic solution containing dissolved titanium
and zirconium salts selected from the class consisting of
halides, sulfates, acetates and oxalates, a soluble silicon
compound selected- from the class consisting of ‘alkali
metal silicates, fluosilicic acid, and silica hydrosols being
dissolved in one of said solutions, and controlling said ad-
mixing so as to provide an aqueous environment of pH
between .about 6 and 12 in the immediate zone of co-
precipitation.

2. A catalyst as defined in claim 1 wherein said copre-
cipitation is carried out by gradually pouring said acidic
solution of zirconium and titanium salts into-a large body
of ammoniacal alkali metal silicate solution with agita-~
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tion, whereby coprecipitation of the hydrous oxides of .

10 :
silicon, zirconium and titanium takes place at a pH be-
tween about 12 and 6. -

3. A catalyst as defined in claim 1 wherein soluble
sulfates of zirconium and titanium are employed in said
coprecipitation step.

4, ‘A catalyst as defined in claim 1 wheréin said copre-

_cipitation is carried out by simultaneously admixing a

flowing stream of said acidic solution containing dissolved
zirconium and titanium salts with a flowing stream of an
alkalne, alkali metal silicate solution with agitation, where-
by coprecipitation of ‘the hydrous oxides of silicon, zir-
conium, and titanium takes place at a substantially con- .
stant pH between about 6 and 12,

5. A hydrocracking catalyst comprising as essential ac-
tive ingredients between about 15% and 65% of titania
xerogel, between about 15% and 65% of zirconia xerogel,
and between about 10% and 65% of silica xerogel, said
catalyst having been prepared by coprecipitating the hy-

-drous gels of titania, zirconia and silica from aqueous solu-

tion at a pH between .about 6 and 12, followed by drying
and calcining of the final composition.

6. A catalyst as defined in claim 5 prepared by mixing
an aqueous alkali metal silicate solution with an acidic
solution containing dissolved zirconium and titanium salts,

-.said zirconium and titanium salts being selected from the

class consisting of halides, sulfates, acetates and oxalates.
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