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This invention relates to the catalytic conversion of 
hydrocarbons and to an improved catalyst for effecting 
said conversion. More specifically, the invention is con 
cerned with catalytic hydrocracking of hydrocarbon oils 
in the presence of a new and improved catalyst. In one 
embodiment, the invention is concerned with an improved 
hydrocracking catalyst consisting essentially of at least 
one component characterized by dehydrogenation activity 
deposited on a particularly prepared silica-zirconia base. 
In another embodiment, the invention is directed to an 
improved method for preparing the aforesaid catalyst 
useful in catalytic cracking of heavy petroleum fractions 
in the presence of hydrogen to lighter materials boiling 
in the gasoline range. 
As is well known, cracking refers generally to opera 

tions wherein a long chain hydrocarbon or a mixture of 
high molecular weight hydrocarbons is converted into a 
shorter chain hydrocarbon or into a mixture of lower 
molecular weight hydrocarbons. Cracking, accomplished 
solely as a result of the high operational temperature em 
ployed, is known as thermal cracking while cracking 
effected in the presence of catalysts is ordinarily known 
as catalytic cracking. Cracking carried out in the pres 
ence of hydrogen is referred to as hydrocracking. 

Catalytic cracking of petroleum hydrocarbons has here 
tofore been carried out at temperatures in the range of 
800 to 1100 F. Such high temperatures have been in 
efficient from an economical standpoint and undesirable 
from an operational standpoint resulting in the produc 
tion of unwanted coke, relatively large amounts of dry 
gas and excess quantities of C, hydrocarbons. The pro 
duction of coke and dry gas represents a loss thereby 
bringing about an overall decrease in the yield of useful 
cracked product. 
As is well known, charge stocks heretofore employed 

in catalytic cracking operations have been selected petro 
leum stocks. Thus, heavy residual stocks as well as cycle 
stocks obtained from catalytic cracking of known re 
fractory petroleum cracking stocks have not been suit 
able for catalytic cracking processes because of their in 
herent coke-forming characteristics and the excessive 
amounts of dry gas produced. Accordingly, the supply 
of available cracking stocks has been somewhat restricted. 

Cracking operations carried out in the presence of 
hydrogen at relatively high temperatures and under ele 
wated pressures, i.e. hydrocracking, do not impose the 
aforesaid limitations on the type of useable charge stock. 
Thus, cycle stocks, heavy residuals etc. can be cracked in 
hydrocracking operations. Conventional operations of 
this type, however, have many disadvantages. Thus, in 
order to maintain catalyst activity at a desired level and 
to avoid a heavy deposition of coke on the catalyst, it 
has been necessary to employ excessively high hydrogen 
pressures of the order of at least about 3000 pounds per 
square inch and preferably much higher. 
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There is accordingly, at the present time, great interest 

in the petroleum industry in developing a moderate pres 
sure hydrocracking process. This interest arises from the 
ability of hydrocracking to substantially increase both 
the quantity and quality of naphtha and fuel oil that a 
petroleum refinery can produce from crude oil. These 
advantages have been amply demonstrated by the afore 
mentioned high pressure hydrocracking operations. The 
high cost of high pressure hydrocracking necessitating 
the use of expensive high pressure equipment has pre 
vented its widespread use, hence the necessity in develop 
ing a less expensive moderate pressure process which will 
retain many of the demonstrated advantages but at accept 
able cost. 

In accordance with the present invention, it has been 
discovered that cracking of hydrocarbons in the presence 
of hydrogen and a particular catalyst permits the use of 
appreciably lower reaction temperatures and pressures. 
Thus, it has been found that cracking of hydrocarbons 
can be effected in the presence of hydrogen and in the 
presence of a catalyst comprising a particularly prepared 
Support consisting essentially of silica and zirconia and 
having impregnated thereon a minor proportion of a 
dehydrogenation component. Such catalyst employed in 
the process of the invention has been found to afford a 
highly favorable distribution of products of high quality. 
The process described herein has the further advantage 
of being applicable for catalytic hydrocracking a wide 
variety of charge stocks including heavy residual and re 
fractory charge stocks. w 
The present invention provides a process for hydro 

cracking a hydrocrackable material by contacting the 
material to be hydrocracked and, particularly, a petro 
leum hydrocarbon fraction having an initial boiling point 
of at least about 400 F., a 50 percent point of at least 
about 500 F. and an end boiling point of at least about 
600 F. and boiling substantially continuously between 
said initial boiling point and said end boiling point with 
the above catalyst consisting essentially of particularly 
prepared silica-zirconia having deposited thereon a minor 
proportion of a component characterized by dehydrogena 
tion activity in the presence of hydrogen at a hydrogen 
partial. pressure between about 100 and about 5,000 
pounds per square inch gauge, a liquid hourly space 
velocity of between about 0.1 and about 10, a tempera 
ture between about 600 F. and about 1050 F. employ 
ing a molar ratio of hydrogen to hydrocarbon charge 
between about 2 and about 80. 
We are aware that it has heretofore been proposed to 

convert hydrocarbon fractions in the presence of hydro 
gen and certain catalytic composites consisting essentially 
of a cracking component of silica combined with alumina, 
zirconia, magnesia and the like, which has undergone im 
pregnation with a minor proportion of a dehydrogena 
tion component such as platinum, molybdena, etc. The 
hydrocracking process described herein is distinguishable 
from such prior processes in that the silica-zirconia base 
upon which the dehydrogenation component is deposited 
is prepared in accordance with a particular procedure 
which has been found to result, after the aforesaid im 
pregnation, in a more active, stable and selective hydro 
cracking process. 

Thus, catalysts heretofore proposed for hydrocracking 
operations have consisted almost entirely of active hy 
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drogenating components dispersed on an existing active 
cracking base such as platinum on silica-alumina, molyb 
dena on silica-alumina, or of Supported metal oxides or 
sulfides that have, to varying degrees, both hydrogenat 
ing and cracking activity such as nickel sulfide on alu 
mina, tungsten disulfide on clay and the like. Neither 
of the above type catalysts has proven satisfactory for 
moderate pressure hydrocracking. When tested, these 
catalysts have shown a lack in one or more of the follow 
ing: the ability to retain activity during use; a good 
balance between cracking and hydrogenating activities; 
or the recovery of activity when carbonaceous products 
are removed after a period of use. 

Following the teachings of this invention, it has been 
found that highly effective catalysts for use in moderate 
pressure hydrocracking can be obtained by impregnation 
of a dehydrogenation component on a composite of silica 
and zirconia which has been prepared by reacting a 
water-soluble zirconium compound and an alkali metal 
silicate to effect formation of a gelable sol consisting es 
sentially of silica and zirconia characterized by a pH in 
excess of 6 and a zirconia content, on a dry solids basis, 
of between about 2 and about 20 percent by weight, per 
mitting the sol to set forming a silica-zirconia gel, reduc 
ing the pH of the gell to below 5 and activating the same 
by maintaining the gell under such conditions of reduced 
pH while in contact with an aqueous medium at a tem 
perature in the approximate range of 150 to 220 F. for 
a period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter Washing the 
gel free of soluble matter, drying and calcining. A cata 
lyst prepared in accordance with the foregoing procedure 
has been found to be capable of affording unexpected per 
formance in hydrocracking petroleum fractions at mod 
erate pressures, i.e. generally not in excess of a hydrogen 
partial pressure of about 5000 pounds per square inch 
gallge. 

In the foregoing procedure it has been discovered that 
- the activation step of treating the silica-zirconia gel in 
an aqueous medium at the specified conditions and the 
control of pH during gelation and such activation step 
are essential in achieving the usually effective activity, 
stability and selectivity characterizing the catalyst de 
scribed herein. It has been found, in accordance with 
the present invention, that not only is the activation step 
essential but that also the conditions required during this 
step to obtain the above-described desirable catalyst prop 
erties are very critical. Thus, the pH during the activa 
tion step is essentially below 5 and preferably below 
3. The pH of gel formation, on the other hand, is es 
sentially above 6 permitting the attainment of silica 
zirconia gels characterized by particularly favorable gel 
properties as well as by a short time of set, i.e. generally 
less than 2 hours and more particularly, less than 20 sec 
onds. Hydrogels prepared at a pH above 6 are much 
more susceptible to activation than those prepared below 
6 pH. The temperature of the activation treatment in 
volving the use of an aqueous medium is above about 
150 F. and preferably above 175 F. and generally does 
not exceed 220 F. The time required for activation is 
generally at least 1 hour and may extend up to 48 hours 
or longer. Preferably, the activation period is at least 
2 hours and usually in the approximate range of 2 to 24 
hours. 
The intermediate hydrogel state obtained in preparation 

of present catalysts is to be distinguished from a gelat 
inous precipitate. True all-embracing hydrogels occupy 
the entire volume of the solution from which they are 

3,037,127 

10 

5 

20 

30 

40 

50 

60 

6 3. 

formed and possess a definite rigid structure. When frac- . . 
tured, a true hydrogel shows a conchoidal fracture as 
compared to an irregular ragged edge fraction as obtained 
in the case of gelatinous precipitates. The latter occupy 
only a part of the volume of the solution from which 
they are formed and have no rigidity of structure. In 
addition, hydrogels can generally be more easily washed 
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any substance. 

4. 
free of soluble impurities due to the tendency of gelat 
inous precipitates to peptize on washing. A distinct and 
further advantage of hydrogels is that due to their rigid 
structure, they can be formed into high quality spheroidal 
particles. 
The zirconium compound employed in the present 

process is a water-soluble compound and suitably a water 
soluble mineral acid salt of zirconium such as, for ex 
ample zirconium nitrate; zirconium sulfate and zirconyl 
chloride. Of this group, zirconium sulfate is accorded 
preference. Zircon sand is a suitable source of zirconium 
compound. The zirconia content of Such sand can be 
converted to zirconium sulfate through caustic fusion 
at temperatures exceeding 1000 F. and subsequent leach 
ing with sulfuric acid. 
The silicate reactant is generally an alkali metal sili 

cate and particularly sodium silicate although silicates 
of the other alkali metals such as for example, potassium 
silicate, might likewise be employed. An organic silicate 
ester, for example ethyl orthosilicate may also be em 
ployed as the source of silica. 
The solutions of zirconium compound and silicate re 

actant are intimately mixed in such proportions as to 
yield a gelable sol having a zirconia content, on a dry 
basis, of between about 2 and about 20 and preferably 
between about 5 and about 15 percent by weight and a 
pH of above 6 and generally not exceeding about 10. 

The resulting product is a hydrosol of silica and 
zirconia characterized by an inherent capacity to set 
to a hydrogel upon lapse of a suitable period of time 
extending from a few seconds up to several hours de 
pending on pH, temperature and solids concentration 
without addition to or subtraction from the hydrosol of 

By following the above procedure the 
time of gelation can be very rapid, i.e. less than 20 sec 
onds, which permits the gel to be prepared directly in the 
form of spheroidal particles resulting in a product of 
improved physical properties and in definite economic 
advantages in the manufacture of the catalyst. In addi 
tion to affording rapid gelation, the high pH of gel for 
mation has been found to give rise to a more selective 
hydrocracking catalyst upon impregnation with a de 
hydrogenation component as described hereinbelow as 
compared with a comparable silica-zirconia gel in which 
the pH of formation is below 6. 
The silica-zirconia hydrogel so obtained is thereafter 

treated to reduce the pH thereof to below 5 and prefer 
ably less than 3 but greater than 1. To accomplish 
Such purpose, the hydrogel is contacted with an acidic 
fluid after formation. While the lapse of a brief interval 
of time is permissible, it is generally desirable to reduce 
the pH of the silica-zirconia hydrogel shortly after for 
mation to less than 5. Maintaining the hydrogel upon 
conditions of pH at which formation is effected for a 
considerable period of time was found to be detrimental 
to the selectivity of the finished catalyst. Generally, the 
hydrogel is contacted with an aqueous solution of an acid 
or an acidic salt of sufficient concentration to effectively 
reduce the hydrogel pH to less than 5. Usually, an in 
organic acid and particularly a dilute solution of a min 
eral acid such as nitric, hydrochloric or sulfuric acid in 
the form of a 0.1 to 10 weight percent solution is em 
ployed for this purpose. Salts such as sulfates, nitrates 
or chlorides of zirconium or aluminum can similarly be 
used. 
The hydrogel of reduced pH is then activated by main 

taining the same under the aforementioned conditions of 
reduced pH while in contact with an aqueous medium 
at a temperature in the approximate range of 150 to 220 
F. and more particularly, between about 175 and about 
220 F. at Substantially atmospheric pressure for at least 
1 hour and generally not exceeding about 48 hours. This 
step is critical in achieving the desired silica-zirconia 
composite upon which a dehydrogenation component is 
Subsequently deposited. In accordance with such step, 
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the hydrogel is suitably covered with an acidic solution 
to maintain the pH of the hydrogel during activation 
within the approximate range of 1 to 5 and preferably 
1 to 3. While the hydrogel after treatment to reduce its 
pH of formation as described may be transferred or con 
ducted to an aqueous medium maintained at the ele 
wated temperature specified hereinabove, it is generally 
preferred to effect activation of the hydrogel in the same 
solution used for reduction of pH. Thus, it is contem 
plated that in a preferred operation the silica zirconia 
hydrogel after formation at a pH in excess of 6 is con 
ducted to an aqueous dilute solution of an acid or acid 
salt wherein the pH of the hydrogel is immediately 
brought to below 5 and the hydrogel is thereafter main 
tained in such solution at a temperature of between 150 
and 220 F. for a sufficient period to accomplish the 
desired activation. The pH of the hydrogel during the 
activation treatment is an important factor having a di 
rect bearing on the ultimate catalyst activity and, in 
accordance with the process of catalyst preparation de 
scribed herein, should be less than 5 and preferably be 
low 3 in order to obtain a catalyst of high cracking 
activity. 

After the activation treatment, exchangeable or zeolitic 
impurities, if present, are removed from the hydrogel in 
any feasible manner. While as a practical matter all or 
a large proportion of such zeolitic impurities may be re 
moved during the course of the activation treatment 
with the aqueous medium containing an acidic com 
pound, any remaining zeolitic matter is suitably removed 
by base-exchange with aqueous solutions of mineral acids 
such as hydrochloric and sulfuric acids; solutions of am 
monium salts which act to replace metal impurities with 
ammonium which is later removed by calcining; and 
solutions of multivalent metal salts particularly a zir 
conium salt which may be the same or a different zirco 
nium salt from that employed in initial formation of 
the hydrogel. When base exchanging the silica-zirconia 
hydrogel with an acid a limited and controlled amount 
must obviously be used to avoid redissolving the zirconia. 
When exchanging with ammonium compounds any ex 
cesses will be calcined out in the final steps of catalyst 
manufacture and when using any zirconium or other 
multivalent metal salt which does not adversely affect 
the catalytic properties, excesses may be used and left on 
the composite. 

After removal of zeolitic impurities the hydrogel is 
washed free of soluble excess ions. The resulting com 
posite of silica and zirconia is dried in air or superheated 
steam at temperatures between about 200 and about 
400 F. for a period of between about 4 and 24 hours 
and/or by calcining at a temperature between about 800 
and about 1800 F. for approximately 2 to 8 hours or 
OC. 
In some instances, it may be desirable to introduce into 

the silica-zirconia hydrosol a quantity of solid powdered 
material insoluble therein having a weight mean particle 
diameter of between 1 and 5 microns and preferably be 
tween 2 and 4 microns. The amount of powdered ma 
terial so introduced is generally between about 2 per 
cent and about 40 percent by weight and preferably be 
tween about 15 and about 40 percent by weight of the 
dried gel product. The powder-containing silica-zirconia 
sol sets to a hydrogel after lapse of a suitable period of 
time and the resulting hydrogel is processed as described 
above and then dried to a gel at a temperature below 
the fusion point of the incorporated powder. It has been 
found that a silica-zirconia gel resulting from the setting 
of a sol containing powdered material of the aforemen 
tioned particle size and drying of the resulting hydrogel 
at a temperature below the fusion point of the added 
material has a substantially greater resistance to attrition 
and improved diffusivity as compared with the corre 
sponding silica-zirconia gels which do not contain such 
added powder. The powdered material may be added 
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6 
by dispersing in an already prepared hydrosol or as is 
preferable, when the hydrosol is characterized by a short 
time of gelation, the powder may be added to one or 
more of the reactants used in forming the hydrosol or 
may be mixed in the form of a separate stream with 
streams of the hydrosol-forming reactants in a mixing 
nozzle or other means where the reactants are brought 
into intimate contact. In addition to having the above 
particle size, the powdered solid incorporated into the 
silica-zirconia hydrosol should necessarily be insoluble 
therein and should further be characterized by being in 
fusible at the hydrogel drying temperature. The powder 
incorporated in the silica-zirconia sol may be catalyt 
ically active or an inert material. As indicated herein 
above, the particular powdered material to be incorpo 
rated in the hydrosol will be chosen so as to be insoluble 
therein and to be infusible at the drying temperature. 
Observing these features, suitable representative materials 
having a weight mean particle diameter of 1 to 5 microns 
include gels or gelatinous precipitates such as those of 
silica, alumina, magnesia, chromia, molybdena, zirconia, 
thoria, titania and the like including composites thereof. 
Thus, a particularly prepared powdered material for in 
corporation in the sol includes pulverized silica-zirconia 
fines having a weight mean particle diameter of 1 to 5 
microns. Other suitable materials include zircon sand 
(zirconium silicate) as well as other metal silicates, 
metals and metal oxides including aluminum oxide, 
chromium trioxide, molybdenum oxide, magnesium oxide, 
manganese oxide, zirconium oxide and silicon oxide in 
their various forms and modifications. 
The silica-zirconia gel base may be prepared in any de 

sired mechanical form according to the specific purpose 
for which it is intended. Either before or after calcina 
tion, it can be broken into lumps or granules or it can 
be ground to a fine powder adapted for use in the sus 
pensoid or fluidized-solids process. Alternatively, the 
catalyst can be formed into pills, pellets or other suitable 
shapes preferably prior to the calcination step for use 
in the fixed bed or compact moving bed operations. In 
this case, the catalytic mixture is partially dried, ground 
to a powder preferably smaller than 30 mesh (Tyler), 
combined with a suitable lubricant such as graphite, hy. 
drogenated coconut oil, stearic acid, rosin or the like and 
shaped by extrusion, molding or by other means known 
in the art. Particles having dimensions ranging from 
about 78' x V8' to /2" x %' are generally satisfactory. 
The shaped particles can then be further dried and/or 
calcined as described above. 

It is particularly desirable to prepare the silica-zirconia 
gel base in the form of spheroidal bead-like particles. 
For such purpose, the initially prepared hydrosol is in 
troduced in the form of globules to a water-immiscible 
fluid Such as into a column of water-immiscible liquid, 
for example an oil medium wherein the globules of hy 
drosol set to spheroidal bead-like particles of hydrogel. 
Larger size spheres are ordinarily within the range of 
from about 64' to about 2 '' in diameter, whereas smaller 
size spheres which are generally referred to as micro 
Spheres are within the range of from about 10 to about 
100 microns in diameter. The use of spheroidal shaped 
gel particles is of particular advantage in hydrocarbon 
conversion processes including the moving catalyst bed 
process, the fluidized process and other processes in which 
the spheroidal catalyst particles are subjected to con 
tinuous movement. As applied to the stationary bed, 
Spheroidal catalyst particles provide effective contact be 
tween the reactants and the catalyst by avoiding channel 
Ing. 
The conventional cracking activity of a catalyst is gen 

erally expressed in terms of the percent by volume of a 
standard hydrocarbon charge which is cracked under 
specific conditions in the Cat-A test. The method of 
this test is described in National Petroleum News, 36 p. 
PR-537 (August 2, 1944), and the cracking activity so 
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determined is referred to as the activity index (A.I.). 
Accordingly, it will be understood that the term “activity 
index' when employed herein shall refer to the cracking 
activity of the material under consideration determined 
in accordance with the Cat-A method. The activity index 
of the above-described silica-zirconia composites utilized 
herein as supports for a dehydrogenation component is 
preferably within the range of about 25 to about 50. 
A component exhibiting dehydrogenation activity is 

deposited on the silica-zirconia gel prepared in accord 
ance with the above-defined procedure. Suitable dehy 
drogenation components include one or more of the 
metals of groups V, VI and VIII of the periodic table 
either in elemental form or in the form of the oxides or 
sulfides of these metals. Representative of these metals 
are molybdenum, chromium, tungsten, vanadium, cobait, 
nickel and metals of the platinum group, i.e. platinum, 
palladium, rhodium, osmium, iridium, and ruthenium as 
well as combinations of these metals, their oxides or sul 
fides. Thus, a particularly desirable combination of metal 
oxides is that of the oxides of cobalt and molybdenum 
deposited on the hereinabove described silica-zirconia 
base. Deposition of one or more of the above-indicated 
metals may be in accordance with methods known to the 
art. For example, aqueous solutions of water-soluble 
compounds of the desired metal may be employed to im 
pregnate the silica-zirconia composite. The resulting im 
pregnated composite is thereafter heated to convert the 
compound employed to the corresponding oxide which, 
if desired, may be subsequently converted to the metal 
sulfide. If the catalyst contains the metal in elemental 
form, such as for example, metals of the platinum series, 
the silica-zirconia base, after treatment, with a water 
'soluble compound of such metal, may be subjected to treat 
ment with hydrogen to effect reduction of the metal to 
its elemental form. 

Suitable molybdenum compounds employed in the 
present process for impregnating the silica-zirconia base 
include ammonium molybdate, molybdenum tetrabromide, 
molybdenum oxydibromide, molybdenum tetrachloride, 
molybdenum oxydichloride, molybdenum oxypentachlo 
ride and molybdenum oxytetrafluoride. Suitable cobalt 
'compounds include cobalt nitrate, cobalt ammine nitrate, 
:cobalt ammine chloride, cobalt ammine sulfate, cobalt 
bromide, cobalt bromate, cobalt chloride, cobalt chlorate, 
cobalt fluoride, and cobalt fluorate. 

In one method the particles of silica-zirconia base are 
initially subjected to a vacuum to remove air from the 
pores thereof and while maintaining the vacuum an im 
pregnating solution such as described hereinabove is 
brought into contact with the particles of the silica-zirconia 
base. Alternatively, the silica-zirconia base may be im 
pregnated with a solution of more than one compound, 
for example a solution of a molybdenum compound and 
a cobalt compound. Also, separate impregnating solutions 
of a molybdenum compound and a cobalt compound may 
be prepared and composited successively with the silica 
zirconia base either with or without an intervening heat 
ing of the support. In general, using this technique, it 
is preferred to composite the molybdenum component first 
and then the cobalt component although the reverse 
procedure may be employed. After the impregnation, 
the base material is dried and calcined to convert the 
metal compounds to the oxides. 
When utilizing a metal of the platinum series as the 

dehydrogenation component, one feasible method is to 
admix particles of the silica-zirconia base with an aqueous 
solution of an acid of the metal for example, chloroplatinic 
or chloropalladic acid or the ammonium salt of the acid 
of suitable concentration. It will be understood that any 
other suitable source of platinum metal may be used. 
Chloroplatinic acid generally is preferred because it is 
more readily available. Solutions of other feasible 
platinum-containing compounds include those of platinum 
ammine chlorides, trimethylbenzyl ammonium platinum 
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8 
chloride, tetra-amminoplatino chloride, platinum ammine 
nitrate, dinitrol diammino platinum and the like. The 
particles of silica-zirconia impregnated with a platinum 
metal compound is then dried and treated with hydrogen 
at elevated temperatures to reduce the platinum metal 
compound to the metal and to activate the catalyst. 

it will be appreciated that in addition to the foregoing, 
other suitable water-soluble compounds of metals having 
hydrogenation-dehydrogenation activity either in the me 
tallic form or in the form of an oxide or a sulfide may 
likewise be used. The particular amount of dehydrogena 
tion component composited with the silica-zirconia base 
will vary depending upon the particular metal and the 
form in which such metal is employed. Thus, for com 
posites containing a platinum metal, the amount of Such 
metal contained in the catalyst will generally be between 
about 0.05 and about 10 percent by weight and, more 
particularly, between about 0.1 and about 5 percent by 
weight of the catalyst. The concentrations of the cobalt 
and molybdenum oxides in the catalyst described herein 
may respectively range from about 1 to about 10 percent 
by weight and from about 1 to about 20 percent by 
weight of the final catalyst. When chromia is employed 
as the dehydrogenation component, the content thereof 
will generally be in the approximate range of 2 to 20 
percent by weight of the catalyst. When nickel is used, 
the metal content will be in the approximate range of 
0.01 to 10 percent by weight of the catalyst. Tungsten, 
when used as the active dehydrogenation component, 
should be present in the approximate range of 1 to 20 
percent by weight of the catalyst. 

After impregnation, the composite generally is dried at 
a temperature of from about 200 F. to about 600 F. 
for a period of from about 2 to about 24 hours or more 
and thereafter calcined at a temperature of from about 
600 F. to about 1300 F. for a period of from about 1 
to 12 hours or more. As noted hereinabove, when a 
metal of the platinum series is employed as the dehydro 
genation component, drying and calcination may be suit 
ably carried out in a hydrogen atmosphere. In some in 
stances, it is desirable to prepare the dehydrogenation 
component in the form of a metal sulfide. In such case, 
the composite after the above-described calcination, may 
be suitably treated in an atmosphere of hydrogen sulfide 
or a mixture of hydrogen sulfide and hydrogen at an 
elevated temperature such as for example about 800' F. 
In the case of tungsten sulfide or nickel tungsten sulfide, 
the tungsten may be deposited on the ammonium thio 
tungstate. 
The hydrocracking process of this invention may be 

carried out in any suitable equipment for catalytic op 
erations. The process may be operated batchwise. It 
is preferable, however, and generally more feasible to 
operate continuously. Accordingly, the process is adapt 
ed to operation using a fixed bed of catalyst. Also, the 
process can be operated using a moving bed of catalyst 
wherein the hydrocarbon flow may be concurrent or coun 
tercurrent to the catalyst flow. A fluid-type of operation 
wherein the catalyst is carried in suspension in the hy 
drocarbon charge may feasibly be employed using the 
present catalyst. 

Hydrocracking, in accordance with the present process, 
is generally carried out at a temperature between about 
600 F. and about 1050 F. and preferably between 
about 700 F. and about 900 F. The hydrogen partial 
pressure in such operation is generally within the range 
of about 100 and about 5000 pounds per square inch 
gauge and preferably about 1000 and 3000 pounds per 
square inch gauge. The liquid hourly space velocity of 
fresh feed, i.e. the liquid volume of hydrocarbons per 
hour per volume of catalyst is between about 0.1 and 
about 10 and preferably between about 0.25 and about 4. 
In general, the molar ratio of hydrogen to hydrocarbon 
charge employed, i.e. fresh feed is between about 2 and 
about 80 and preferably between about 5 and about 40, 
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Hydrocarbon charge stocks undergoing cracking in ac 
cordance with this invention comprise hydrocrackable 
hydrocarbons mixtures of Such hydrocarbons and par 
ticularly hydrocarbon fractions having an initial boiling 
point of at least about 400 F., a 50 percent point of at 
least about 500 F. and an end boiling point of at least 
about 600 F. and boiling substantially continuously be 
tween said initial boiling point and said end boiling point, 
Such hydrocarbon fractions include gas oils, residual 
stocks, cycle stocks, whole topped crudes, and heavy hy 
drocarbon fractions obtained by the destructive hydrogena 
tion of coal, tars, pitches, asphalts, and the like. As will 
be recognized the distillation of higher boiling petroleum 
fractions (about 750 F.) must be carried out under 
vacuum in order to avoid thermal cracking. The boiling 
temperatures utilized herein, however, are expressed for 
convenience in terms of the boiling point corrected to 
atmospheric pressure. 
The hydrocracking selectivities of the catalysts de 

scribed herein are evaluated by comparing their product 
distributions at fixed conversion levels. The conversion 
is defined as 100 minus the volume percent of charge 
remaining in the 650 F.-- boiling range. The products 
considered are dry gas (C1-C3), CA material, light naph 
tha (C5-180° F.), heavy naphtha (180-390. F.), fuel 
oil (390-650 F.) and cycle stock (650 F.--). An over 
all measure of selectivity is the total yield of C5-650 
F. material at any conversion level since this range con 
tains the more valuable products. 
The hydrocracking activity of a catalyst as this term is 

utilized herein is defined as the temperature required to 
achieve a given conversion level. 
The following examples will serve to illustrate the 

invention hereinabove described without limiting the 
Sac 
Examples 1 and 2 demonstrate the catalytic differences 

between two types of platinum silica-zirconia hydrocrack 
ing catalysts. The differences involve the method of 
preparing the silica-zirconia bases. In Example i the 
silica-zirconia base was formed above 6 pH and activated 
in hot acid while in Example 2 the silica-zirconia base 
was prepared by forming at 3.6 pH and activated in a 
steam atmosphere. The details of such examples are set 
forth below: 

EXAMPLE 1. 

A catalyst of platinum on silica-zirconia was prepared 
by impregnating a silica-zirconia cogel containing 12.7 
percent by weight ZrO (on a dry solids basis), formed at 
8.9-9.4 pH and activated in 1 percent by weight aqueous 
solution of HSO for 24 hours at 175 F., with chloro 
platinic acid to yield 0.9 percent by weight platinum on 
the finished catalyst. 
The silica-zirconia base in this example was prepared 

in four batches by mixing, in each instance, 300 cc. of an 
aqueous solution of zirconium sulfate Zr(SO4)2.4H2O) 
containing 0.05 g. ZrO2/cc, 35 cc. of 50 percent by 
weight sulfuric acid diluted with 1470 cc. of water and 
700 cc. of diluted N-Brand aqueous sodium silicate solu 
tion containing 0.193 g. SiO2/cc. to yield a silica-zirconia 
hydrosol. The resulting sol set to a firm gel in 10-15 sec 
onds having a pH of 8.9-9.4. This gel was cut into cubes 
and covered with a 1 weight percent aqueous solution of 
HSO, thus lowering the hydrogel pH to 1.7-2.0. Ac 
tivation of the hydrogel was accomplished by heating in 
this solution for 24 hours at 175 F. The hydrogel was 
thereafter base-exchanged with a 2 weight percent aque 
ous ammonium chloride solution. The base-exchanged 
hydrogel was then water-washed free of chloride ion, 
dried for 16 hours at 280 F. in air and calcined 10 hours 
at 1200 F. in air. The silica-zirconia gel base so ob 
tained was characterized by a pore volume of 0.46 cc./g.; 
an apparent density of 0.63 g/cc.; a surface area of 589 
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m.°/g. and a weight composition of 0.01 percent Na; 0.17 
percent SO4; 12.7 percent ZrO and remainder SiO2. 

Platinum was deposited upon the silica-zirconia base 
by vacuum spray impregnating 107 grams of such base 
with 9.94 cc. of H2PtCl6 solution, containing 0.096 g. 
Pt/cc., diluted to 87.5 cc. with water. The resulting im 
pregnated catalyst was wet aged 16 hours at 230 F. in a 
covered container so that very little loss of water oc 
curred. The aged particles were thereafter reduced with 
hydrogen for 2 hours at 450 F. and 2 hours at 950 F. 
The finished catalyst had a density of 0.66 g/cc.; a sur 
face area of 512 m/g. and contained 0.9 weight per 
cent platinum and 0.19 weight percent chlorine. 

EXAMPLE 2 

The catalyst of this example was prepared by impreg 
nating a silica-zirconia cogel containing 9.7 percent by 
weight ZrO2 (on a dry solids basis), formed at 3.6 pH 
and activated in a non-drying steam atmosphere with 
chloroplatinic acid to yield 0.98 percent by weight pla 
tinum on the finished catalyst. 
The silica-zirconia base was prepared by mixing 1200 

cc. of aqueous Zirconium sulfate solution containing 0.05 
g. ZrO2/cc., 248 cc, 50 percent by weight sulfuric acid, 
5752 cc. of water and 2800 cc. of diluted N-Brand so 
dium silicate solution containing 0.193 g. SiO2/cc. to 
yield a silica-zirconia hydrosol. The resulting hydrosol 
having a pH of 3.6 gelled in 4 to 5 hours at a room tem 
perature of approximately 70-77 F. This hydrogel was 
then activated by Subjecting to a non-drying steam at 
mosphere (200 F. wet bulb-220 F. dry bulb) for 2 
hours. The hydrogel was thereafter dried at 240° F. and 
then base-exchanged with a 2 weight percent aqueous am 
monium chloride solution. The base-exchanged hydrogel 
was then water-washed free of chloride ion, dried for 24 
hours at 275 F. in air and calcined 10 hours at 1000 F. 
in air. The silica-zirconia gel base so obtained was char. 
acterized by a pore volume of 0.34 cc./g, and a weight 
composition of 0.03 percent Na; 0.07 percent SO; 9.7 per 
cent ZrO2 and remainder SiO. 

Platinum was deposited upon the above silica-zirconia 
base in the same manner as in Example 1 to yield a re 
Sulting catalyst containing 0.98 weight percent platinum 
and 0.55 weight percent chlorine. 

EXAMPLE 3 

The base for the catalyst of this example was prepared 
by forming a silica-zirconia hydrosol by admixture of 
reactant solutions described in Example 2. The resulting 
sol having a pH of 3.6, formed a firm hydrogel in 4 to 5 
hours at a room temperature of approximately 70-77 F. 
This hydrogel, after standing for 16 hours at the above 
room temperature, was cut into cubes and then activated 
by contacting with water for 24 hours at 175 F. The 
activated hydrogen was thereafter dried and processed in 
the same manner as in Example 2. The silica-zirconia 
gel base so obtained was characterized by a surface area 
of 490 m.*/g. and a weight composition of 0.06 percent 
S5 <0.09 percent SOA; 11.0 percent ZrO and remainder 

Platinum was deposited upon the above silica-zirconia 
base in the same manner as in Example 1 to yield a cata 
lyst containing 0.55 weight percent platinum and 0.1 
weight percent chlorine. 

The above catalysts of Examples 1, 2 and 3 were tested 
in hydrocracking a charge of 650 F. to tar West Texas 
gas oil. Hydrocracking was carried out at a 1 liquid 
hourly space velocity and at 2000 pounds per square inch 
gauge pressure, utilizing a hydrogen to hydrocarbon. 
charge mol ratio of about 40 corresponding to 14,500 
standard cubic feet of hydrogen per barrel of charge. 
Hydrogen and the charge stock were mixed together at 
the above pressure, heated to reaction temperature and 
passed downward through a bed of the catalyst contained 
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in the test unit. Hot effluent from the bottom of the 
catalyst bed was cooled and separated at the pressure 
utilized in the unit into gas and liquid product streams. 
The liquid product stream was stabilized at atmospheric 
pressure before being sampled for distribution and anal 
ysis. The gas recovered from the high pressure sep 
aration and from stabilizing the liquid product were 
sampled and analyzed. Activity of the catalysts was 
evaluated by operating the catalyst bed at a temperature 
level selected to convert 70 volume percent of the gas oil 
charge to material boiling below 650 F. The results of 
such testing are set forth in Table I hereinbelow. Refer 
ring to this table, the superiority of the catalyst of Ex 
ample 1 over that of Example 2 and Example 3 is clearly 
evident from the 813 F. reactor temperature required 
for the 70 volume percent conversion, while the catalyst 
of Example 2 was so inactive and unstable that 70 percent 
conversion could not be achieved even at the maximum 
reactor temperature of 980 F. While the catalyst of 
Example 3 gave better results than that of Example 2, 
it likewise was so unstable that 70 volume percent con 
version could not be achieved even at a reactor tempera 
ture of 901 F. Such data clearly demonstrate the advan 
tages of high pH forming and low pH activation over 
low pH forming and activation of the hydrogel in water. 
Thus, the base prepared at low pH and activated with 
steam gave a very poor catalyst. The silica-zirconia base 
prepared at low pH and activated at such pH in water 
was active and unstable, while the base prepared at a pH 
in excess of 6 and activated at a low pH was both active 
and stable. 

Examples 4, 5 and 6 illustrate the catalytic advantages 
of the catalyst utilizing the silica-zirconia gel prepared as 
described herein as the base for molybdena-silica-zirconia 
hydrocracking catalysts. 

EXAMPLE 4. 

A silica-zirconia cogel was prepared by mixing the fol 
lowing reactants: 

Solution. A which consisted of 60 percent weight N 
Brand sodium silicate and 40 percent weight water having 
a specific gravity of 1.206 at 80° F. 

Solution B which consisted of acid-zirconium sulfate 
solution containing 6.61 percent weight Zr(SO4)2.4H2O, 
89.77 percent weight HO, 3.62 percent weight HSO4. 
and having a specific gravity of 1.064 at 80° F. 

Solution A was continuously mixed in a nozzle at a 
rate of 380 cc./min. with 416 cc./min. of Solution B. 
The resulting silica-zirconia hydrosol having a pH of 
8.2-8.5 set to a hydrogel in 2 seconds at 63 F. The 
sol was formed into spheroidal hydrogel beads by intro 
ducing globules of the sol into an oil medium. The re 
sulting hydrogel beads were then treated 24 hours at 200 
F. in 2 percent aqueous H2SO4 solution which reduced 
the hydrogen pH to 2.0. The acid-activated hydrogel 
was thereafter base-exchanged, washed and dried as in 
Example 1 and then calcined 20 hours at 1000 F. in air. 
The silica-zirconia gel base so obtained was charcterized 
by a pore volume of 0.44 cc./g.; an apparent density of 
0.84 g./cc.; a surface area of 627 m./g. and a weight 
composition of 0.04 percent Na; 0.10 percent SO4; 11.0 
percent ZrO2 and remainder SiO2. 

Molybdena was deposited upon the silica-zirconia base 
by vacuum spray impregnating 138 grams of such base 
in the form of 344 mesh size particles with 10 percent 
MoO3 as a water solution of molybdic acid. This im 
pregnated sample was then dried at 230 F. and calcined 
3 hours at 1000 F. in air. The composite, so obtained, 
was sulfided with 50 percent H-50 percent HS mixture 
employing 2 volumes per volume of catalyst per minute 
for 5 hours at 800°F. The finished catalyst had a density 
of 0.71 g/cc., a surface area of 438 m.?/g. and con 
tained 6.25 weight percent molybdenum and 2.91 weight 
percent sulfur. 
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EXAMPLE 5 

A silica-zirconia base, containing 9.7 weight percent 
ZrO2, was prepared as in Example 4 in the form of hydro 
gel beads. Such beads were then aged at room tempera 
ture for 2 hours followed by aging in 1 percent aqueous 
HSO solution at 178-184 F. for 24 hours, resulting in 
a final pH of 2.4-4.2. The acid activated hydrogel was 
processed and calcined as in Example 4. The silica-Zir 
conia gel base so obtained was characterized by a pore 
volume of 0.55 cc./g.; an apparent density of 0.60 g/cc.; 
a surface area of 523 m.2/g.; and a weight composition 
of 0.03 percent Na; 0.10 percent SO4; 9.7 percent ZrO2 
and remainder SiO2. 
Molybdena was deposited upon the above silica-Zir 

conia base in the same manner as employed in Example 
4. The resulting composite had a density of 0.71 g/cc.; 
a surface area of 384 m./g. and contained 6.66 weight 
percent molybdenum. Prior to testing, the catalyst was 
treated with an equal volume mixture of hydrogen and 
hydrogen sulfide using the procedure employed in Ex 
ample 4. After this treatment, the sulfur content of the 
catalyst was 4.31 percent by weight. 

EXAMPLE 6 

The silica-zirconia based used in preparing the catalyst 
of this example was made in a manner identical with that 
used in preparing the base of Example 2. 
The silica-zirconia base so prepared was impregnated 

with MoC) as a water solution of molybdic acid in the 
same manner employed in Examples 4 and 5. The re 
sulting catalyst had a surface area of 394 m./g. and a 
molybdenum content of 7.06 weight percent. Prior to test 
ing the catalyst, it was treated with an equal volume mix 
ture of hydrogen and hydrogen sulfide in the manner used 
in Examples 4 and 5. After this treatment, the sulfur 
content of the catalyst was 1.09 percent by weight. 
The above catalysts of Examples 4, 5 and 6 were tested 

for hydrocracking using the charge stock and conditions 
described hereinabove in connection with the testing of the 
catalysts of Examples 1, 2 and 3. The results obtained 
are set forth in Table I hereinbelow. Comparing the 
properties of these catalysts, it will be seen that the cat 
alysts of Examples 4 and 5 prepared from a hot acid acti 
vated silica-zirconia hydrogen are much superior in ac 
tivity and selectivity to the catalyst of Example 6. Thus, 
reactor temperatures of 812 and 822 F. were respectively 
required in Examples 4 and 5 to hydrocrack the specified 
gas oil charge to produce 70 volume percent products 
boiling between 100 and 650 F. The catalyst of Exam 
ple 6, on the other hand, at 950 F. gave only a 25 vol 
ume percent conversion to products boiling below 650 F. 
The following example illustrates that an active and 

Selective hydrocracking catalyst can be prepared using 
combined dehydrogenation components such as MoC and 
CoO on a silica-zirconia base prepared in accordance with 
method described herein. 

EXAMPLE 7 

A silica-zirconia base containing approximately 11 per 
cent by weight ZrO2 was prepared by reacting 320 cc. of 
aqueous Zirconium sulfate solution containing 0.05 g. 
ZrO2/cc., 27 cc. of 50 percent by weight sulfuric acid, 
1476 cc. of water and 700 cc. dilute N-Brand sodium sili 
cate. The resulting silica-zirconia hydrosol set to a firm 
hydrogel in 30-50 seconds having a 6.3-6.8 pH. This gel 
Was aged for 24 hours in water at room temperature, and 
then for 48 hours at 200 F. in 4 percent aqueous sul 
furic acid solution reducing the pH of the hydrogel to 2.6. 
The hydrogel was thereafter base-exchanged, water 
washed and dried as in Example 1 and then calcined for 
13 hours at 1000 F. in air. The silica-zirconia gel base 
so obtained was characterized by a pore volume of 0.54 
cc./g.; an apparent density of 0.63 g/cc.; a surface area 
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of 597 m.?/g. and a weight composition of 0.01 percent 
Na, <0.01 percent So, 11.1 percent ZrO2 and remainder 
SiO. 

Hydrocracking catalyst was prepared by first vacuum 
spray impregnating the above silica-zirconia gel with 10 
percent MoO as a water solution of ammonium molyb 
date (NH4)MoO 4H2O), drying at 220 F. for 16 
hours and calcining 3 hours at 1000 F. in air. The re 
sulting composite was then impregnated with 3 percent 
CoO as a water-solution of cobalt nitrate 

Co(NO3)2. 6H2O) 
dried at 230 F. for 3 hours and calcined 10 hours at 
1000 F. in air. The resulting catalyst was sulfided with 
a 50 percent H-50 percent H2S mixture employing 2 
volumes per volume of catalyst per minute for 5 hours 
at 800 F. 
The resulting catalyst was tested as above and the re 

sults are shown in Table I hereinbelow. This catalyst, 
as will be evident from the results of such table showed 
good hydrocracking activity, requiring a reactor tempera 
ture of 823 F. to hydrocrack the gas oil charge to 70 vol 
ume percent of 100-650 F. products. The selectivity of 
this catalyst was also good showing 3.5 weight percent dry 
gas, 111.5 volume percent C4-- products, heavy naphtha/ 
fuel oil ratio of 0.76 and a fuel oil diesel index of 41. 

Examples 8 and 9 respectively illustrate the preparation 
of hydrocracking catalysts of silica-zirconia base impreg 
nated with the oxides of cobalt and molybdenum and with 
platinum wherein the base is characterized by a high dif 
fusivity as a result of the inclusion of ground zircon sand 
in the initial hydrogel-forming reaction mixture. 

EXAMPLE 8 

A silica-zirconia cogel was prepared by mixing the fol 
lowing reactants: 

Solution A which consisted of 54 percent weight 
N-Brand sodium silicate, 23 percent weight aqueous slurry 
containing 50 percent by weight of zircon sand having a 
weight mean particle diameter of <5 microns, and 23 per 
cent weight water. 

Solution B which consisted of acid-zirconium sulfate 
solution containing 6.6 percent weight Zr(SO4)2.4H2O, 
89.7 percent weight H2O and 3.7 percent weight H2SO4. 

Solution. A was continuously mixed in a nozzle at a 
rate of 356 cc./min. with 386 cc./min. of Solution B. The 
resulting silica-zirconia hydrosol having a pH of 7.6-7.9 
set to a hydrogel in 2-2.7 seconds, at 71 F. The sol was 
formed into spheroidal hydrogel beads by introducing glo 
bules of the sol into an oil medium. The resulting bead. 
hydrogel containing, on a dry solids basis, 10 percent by 
weight cogelled zirconia while the 40 weight percent zircon 
powder contributing inert zirconia and produced a prod 
uct of high diffusivity. 
The resulting hydrogel beads were then aged for 20 

hours at room itemperature in water and then for 24 hours 
at 200 F. in 1 percent aqueous HSO4 solution resulting 
in a final hydrogel pH of 3.0. The hydrogel after such 
treatment was base-exchanged with 2 percent by weight 
aqueous ammonium chloride solution, water washed free 
of chloride ion, dried 16 hours at 270-280 F. in air and 

The silica-zirconia calcined 15 hours at 1000 F. in air. 
gel base so obtained was characterized by a pore volume 
of 0.40 cc./g.; an apparent density of 0.83 g/cc.; a sur 
face area of 355 m2/g. and a weight composition of 0.01 
percent Na, <0.10 percent SO4, 33.2 percent ZrO2 and 
remainder SiO2. Molybdena was deposited on the silica-zirconia beads 
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by vacuum spray impregnating with 10 percent. Mo03 as 
a water solution of molybdic acid, drying 16 hours at 230 
F. and calcining 3-hours at 1000°F. in air. This calcined 
sample was then impregnated with 3 percent CoO as a 
water solution of cobalt nitrate, dried 16 hours at 230 F. 75 
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followed by calcination in air at 1000 F. for 3 hours and 
sulfiding as in Example 4. The finished catalyst had a 
density of 0.99 g/cc., a surface area of 208 m./g. and 
contained 2.7 weight percent CoO, 5.59 weight percent 
molybdenum and 3.72 weight percent sulfur. 

Hydrocracking 650 F. to tar West Texas gas oil with 
this catalyst at 2000 p.s.i.g., 1 LHSV: 14,500 s.c.f./bbl. 
He circulation to 70 volume percent conversion required 
a reactor temperature of 855 F. At these conditions, 
the catalyst produced, as will be seen from Table I here 
in below, 3.5 weight percent dry gas, 110.8 volume per 
cent C4-H product, consuming 1300 s.c.f./bbl. H2. The 
heavy naphtha to fuel oil ratio was 0.72. The fuel oil 
had a diesel index of 40. 

EXAMPLE 9 

The silica-zirconia gel base used in preparing the cata 
lyst of this example was made in the same manner as 
in Example 8 except the hydrogel was aged immediately 
in 1 percent aqueous H2SO4 solution. This hydrogel was 
then processed in the same manner as in Example 8. 
The silica-zirconia gel base so obtained was character 
ized by a pore volume of 0.44 cc./g.; an apparent density 
of 0.80 g./cc.; a surface area of 327 m.2/g. and a weight 
composition of 0.01 percent Na, <0.10 percent SO4, 32.5 
percent ZrO2 and remainder SiO2. 

Platinum was deposited on 265 grams of the silica 
zirconia gel base by vacuum spray impregnating with 
0.51 percent Pt as an aqueous chloroplatinic acid solu 
tion made up of 14.81 cc. of HPtCl6 containing 0.09 g. 
Pt/cc, diluted with water to a volume of 117 cc. The 
resulting impregnated sample was wet aged 16 hours at 
230 F. in a covered container, followed by reduction 
with hydrogen for 2 hours at 450 F. and 2 hours at 
950 F. 

Hydrocracking with this catalyst using the charge 
stock and reaction conditions specified in previous ex 
amples required a reactor temperature of 835 F. At 
these conditions, the catalyst produced 3.5 weight per 
cent dry gas while making 110.1 volume percent C.-- 
product. The product heavy naphtha to fuel oil ratio 
was 0.79. The diesel index of the heavy naphtha was 49. 

Examples 10 and 11 illustrate the preparation of active 
and selective hydrocracking catalysts wherein the par 
ticularly prepared silica-zirconia base is impregnated re 
spectively with nickel-tungsten and nickel-molybdena. 

EXAMPLE 10 

The catalyst of this example was prepared by impreg 
nating a silica-zirconia cogel base containing 89 weight 
percent SiO2 and 11 weight percent ZrO2 with 7.5 weight 
percent Ni and 13 weight percent W. 
The silica-zirconia base was prepared by mixing dilute 

N-Brand sodium silicate with an acid-zirconium sulfate 
solution to yield a hydrosol having a pH of 8.2 which 
set to a firm hydrogel in 2-3 seconds. The resulting sol 
was formed into beads by introducing the sol in the form 
of globules into a water-immiscible oil wherein the glob 
ules set to hydrogel beads. The resulting hydrogel par 
ticles were aged in water for 4 hours at room tempera 
ture and thereafter in 2 weight percent aqueous sulfuric 
acid solution for 20 hours at 200 F. reducing the hydro 
gel pH to 2.3. The hydrogel, so activated, was then 
base-exchanged 8 times at two hour intervals with 2 
weight percent aqueous ammonium sulfate solution, 
washed sulfate free with water and dried at 250-300 F. 
The dried silica-alumina base was vacuum impreg 

nated with an aqueous nickel nitrate solution to deposit 
7.5 weight percent nickel, soaked 24 hours at room tem 
perature, dried 16 hours at 240 F. and activated by 
calcining from 200 F. to 925 F. in air. The calcined 
composite, after cooling, was reimpregnated with 13 
weight percent tungsten, employing an aqueous ammo 
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nium tungstate solution. The product was then treated quired respectively 825 F. and 828 F. reactor tempera 
for 3 hours at 1000 F. with air flowing at a rate of 5 ture for 70 volume percent conversion of the gas oil 
volumes per volume of product per minute and there- charge to products boiling <650 F. 
after with an equal volume mixture of hydrogen and The following example illustrates the preparation of 
hydrogen sulfide for 5 hours at 800° F. utilizing 2 vol- 5 an active hydrocracking catalyst prepared by depositing 
u?ines of gaseous mixture per volume of product per min- nickel alone on the particularly prepared silica-zirconia 
late. The treated product was cooled in nitrogen. The base. 
Sulfur content of the finished catalyst was 6.5 weight 
percent. EXAMPLE 12 

EXAMPLE 1. l0 The catalyst of this example was prepared by impregna 
tion of a silica-zirconia base formed at 8.3 pH, activated 

The catalyst of this example was prepared using the in a 2 weight percent aqueous sulfuric acid solution for 
Sane base as in Example 10 except that such base was 24 hours at 200 F. and thereafter processed in a man 
caicined, prior to impregnation, for 3 hours at 1300 F. ner similar to that described in Example 1. The activated 
in air. The calcined base was then vacuum impregnated l8 silica-zirconia base (189.6 grams) was impregnated with 
with aqueous nickel nitrate solution to deposit 6.2 weight 127 p.p.m. of nickel, employing 94 cc. of an aqueous 
percent nickel, dried for 24 hours at 240 F. and calcined solution of nickel nitrate. The impregnated product was 
for 3 hours at 1000 Fin air. The resulting composite dried for 16 hours at 230 F. and then calcined in air for 
was impregnated with 10 weight percent MoO, utilizing 3 hours at 1000 F. The finished catalyst contained, on a 
an aqueous solution of ammonium molybdate, dried for 20 
24 hours at 240° F., and calcined 3 hours at 1000 F. in 
air. The resulting product was sulfided at 800 F. with The above catalyst was evaluated for hydrocracking ac 
an equal volume mixture of hydrogen and hydrogen sul- w, a r + O -- 
fide in the same manner as in Example 10. The sulfur tivity by treating a Mid-Continent 650 F.-- gas oil at 
content of the finished catalyst was 5.5 percent by weight. 25 2000 p.s. i.g.; 0.5 LHSV; 3000 S.c.f./ bbl. H2. The data 

Catalytic evaluations of the above catalysts of Exam- obtained are summarized in Table I hereinbelow. Refer 
ples 10 and 11 with West Texas 650 F. to tar gas oil at ence to such data show that the catalyst is capable of af 
2000 p.s.i.g.; 1 LHSV; 14,500 s.c.f./bbl. H are sum- fording about 81.7 volume percent conversion of the 
marized in Table I. Referring to such data, it is seen charge with a good product distribution at 877 F. after 
that the dehydrogenation components of nickel-tungsten 2.7 days on stream. 
and nickel-molybdena in combination with the particu- The above results, as well as those obtained upon test 
larly prepared silica-zirconia base afforded active and ing the catalysts of Examples 1-11 for hydrocracking 
selective hydrocracking catalysts. These catalysts re- characteristics are shown below in Table . 

dry basis, 127 p.p.m. of nickel and had a surface area of 
63 m./g. and an apparent density of 0.72 g/cc. 

Table 

Example.----------------------------- 2. 3 4. 5 6 

Catalyst composition: 
CoO, percent weight---------------------------------------------------------------------------------------------------- 
Mo, weight percent--- 6.26--- 6.66-- -- 7.06. 
Sulfur, percent weight- . 1.09. 
Pt, percent weight.-- 
Cl, percent weight 

Catalyst properties: 
Surface area, n.fg Density, gloo--------------------- 

Base description: 

394. 

Forming pH---------------------- 8.5------------ 8.5------------ 3.6. 
Activation: 

Room temp----------------------------------- 24 hrs. H2O --------. l6hrs------------------------- 2hrs---------- 24 hrs. O. 
Solution.------ 1% H2SO4.---- HO- 2% H2SO4- 1% H2SO4----- No. 
Time, hrs----- --- 24------------- 24 2. 
Temp., F------------------- 175------------ 200 wet bulb, 22° 

dry bulb. dry bulb. 
Properties: 

Pore vol. cc.g---- 
App. dens. g.fcc 
Surface area, m. Composition: 
Na, percent weight.-- 
SO, percent weight--- - - - 
ZrO2, percent weight-------------- 

Catalytic conversion of gas oil i (2,000 p.si.g., LHSV, 14,500SCF/bbl. H. circulation to 70 vol. percent 
(100-650°F. products)) 

Reactor temp., F--------------- 818------------ >980---- 3 
Dry gas, weight percent- 2.5-3.0 
Total C's, vol. percent 
Total C's, vol. percont 
Light naphtha, vol. perc 
Heavy naphtha, vol. percen 
Lt. fuel oil, vol. percent------ V------ - - - - - - - - - - r a rm ran ross- - - - - - - - - - w - - - - - - - - - - - 

Hwy. naph/fuel oil vol. percent- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

C4 plus product, vol percent----- - - - - 
H2 consumption, SCFIbbl.----------- 1,425-------------------------------- 1,622 
Product quality: 

Heavy Naph, 180-390 F-------------------------- () ------------------------------------------------ 
Gr., API.-------------------------- 50----------------------------------- 53.2 
Lt. fuel oil, 390-650 F.: 

Gr, API-------- 
Diesel index.-------------- 
Sulfur, weight percent-------- 

Heavy fuel oil: 
Gr. APE--------------- Nitrogen, weight perce 
Sulfur, weight percent 
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Table I-Continued 
Example------------------------------ 7 8 9 10 12 

Catalyst composition: 
C00, percent Weight-------------- 2.7--------------| 2.7-------------------------------- Nii.5----------- Ni (6.2----------- Ni 127 p.p.m. 
Mo, weight percent----- - Mo 6.66 
Sulfur, percent weight S5.5- - 
Pt, percent weight- - 
Cl, percent weight---------------- 

Catalyst properties: 
Surface area, m.?/g---------------- 
Density, g.fcc.-------------------- 

Base description: 
Forming pH---------------------- 
Activation: 

Room temp 4hrs. at R.T. 
Solution- 2% H2SO4 
Time, hrs. Temp., F. 200. 

Properties: 
Pore vol. cc./g--------------------- 0.45. 
App. dens., g.fcc---- 0.73. 
Surface area, mig---------------- 642. 

Composition: 
Na, percent weight-----.- - - - - - - - - <0.05. 
SO, percent weight- - <0.09, 
ZrO2, percent Weight-------------- 10.5. 

Catalytic conversion of gas oil (2,000 p.si.g., I LHSV, 14,500 SCIF/bbl. B2 circulation to (2) 
70 vol. percent (100-650°F. products)) 

Reactor temp., F-------------------- 828-------------- 877.5 
Drygas, weight percent 3.5------- 10.4. 
Total C4's, vol. percent- 4.0----- 19.l. 
Total Cs's, vol. percent------------------------------------------ 12.3. 
Light naphtha, vol. percent- 4.3----- 6.6. 
Heavy naphtha, vol. percent 29.0------ 28.3. 
Lt. fuel oil, vol. percent-------- 40.0------ 23.0. 
Hwy. naph/fuel oil vol. percent 0.72---- .23. 
C4 plus product, vol. percent.-- - - - 110.8--- 107.7. 
E2 consumption, SCF.bbl.----------- 1,342. 
Product quality: 

Heavy Naph, 180-890 F---------------------------------------------- 
Gr. API-------------------------- 50--------------- 50--------------- 
Lt. fuel oil, 390-650° F: w 

Gr, API.-------------- 
Diesel index.--------- -- 49. 
Sulfur, weight percent. -- 

Heavy fuel oil: 
Gr., API Nitrogen, weight per 
Sulfur, weight percent 

i. Texas Gas Oil having a boiling range of 650 F. to 92.5% at 
143 F. 
'Mid-Continent 650 F. plus gas oil charge, 2,000 p.s.i.g., 0.5 LEISW, 
3,000 SCF/bbl. Hg. 
862 vol. percent conversion, 1.8 days on stream. 
As will be seen from the above data, hydrocracking 

catalysts having a dehydrogenation component deposited 
on the silica-zirconia gel base prepared in the particular 
manner described herein are far more active, stable and 
Selective in hydrocracking a heavy gas oil charge than cat 
alysts produced using a silica-zirconia base prepared at 50 
conditions outside those specified in accordance with the 
present invention. Catalysts prepared in accordance with 
the method described herein are characterized by good 
activity and stability producing unexpectedly high yields 
of C4-- products with little dry gas. The heavy naphtha 55 
to fuel oil ratios of the products formed established good 
gasoline production properties for the catalyst of the in 
vention. 

it will be understood that the above description is 
merely illustrative of preferred embodiments of the inven- 60 
tion, of which many variations may be made by those 
skilled in the art without departing from the spirit thereof. 
We claim: 
1. A process for hydrocracking a hydrocarbon charge 

which comprises contacting the same in the presence of 65 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge employing a molar ratio of hydrogen to hydro- 70 
carbon charge between about 2 and about 80 with a 
catalyst composed of a dehydrogenation component 
deposited on a base consisting essentially of silica and 
zirconia having a zirconia content of between about 2 
and about 20 percent by weight, prepared by reacting a 75 

456.3 vol. percent conversion, 2.9 days on Stream. 
581.7 vol. percent conversion. 
6 Catalyst unstable-no balance run possible. 
725% conversion; total product 26 API. 

water-soluble zirconium compound and an alkali metal 
silicate to effect formation of a gelable sol consisting es 
sentially of silica and zirconia characterized by a pH in 
excess of 6 and a zirconia content, on a dry basis, of 
between about 2 and about 20, permitting said Sol to 
set forming a silica-zirconia gel, reducing the pH of said 
gel to below 5 and maintaining the gel under such condi 
tions of reduced pH while in contact with an aqueous 
medium at a temperature in the approximate range of 
150 to 220 F. for a period of at least about 1 hour 
under conditions of substantially atmospheric pressure, 
thereafter washing the gel free of soluble matter, drying 
and calcining. 

2. A process for hydrocracking a hydrocarbon charge 
which comprises contacting a hydrocarbon fraction hav 
ing an initial boiling point of at least about 400 F., a 
50 percent point of at least about 500 F. and an end 
point of at least about 600 F. and boiling substantially 
continuously between said initial boiling point and said 
end point in the presence of hydrogen at a temperature 
between about 600 F. and about 1050 F., at a liquid 
hourly space velocity between about 0.1 and about 10, a 
hydrogen partial pressure between about 100 and about 
5000 pounds per square inch gauge employing a molar 
ratio of hydrogen to hydrocarbon charge between about 
2 and about 80 with a catalyst composed of a dehydro 
genation component deposited on a base consisting essen 
tially of silica and zirconia having a zirconia content of 
between about 2 and about 20 percent by weight, prepared 
by reacting a water-soluble zirconium compound and an 
alkali metal silicate to effect formation of a gelable sol 
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consisting essentially of silica and zirconia characterized 
by a pH in excess of 6 and a zirconia content, on a dry 
basis, of between about 2 and about 20, permitting said 
sol to set forming a silica-zirconia gel, reducing the pH 
of said gel to below 5 and maintaining the gel under such 
conditions of reduced pH while in contact with an aqueous 
medium at a temperature in the approximate range of 
150 to 220 F. for a period of at least about 1 hour under 
conditions of Substantially atmospheric pressure, there 
after washing the gel free of soluble matter, drying and 
calcining. 

3. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst composed of a dehydrogenation component de 
posited on a base consisting essentially of silica and 
Zirconia having a Zirconia content of between about 2 
and about 20 percent by weight, prepared by reacting a 
water-soluble zirconium compound and an alkali metal 
silicate having dispersed therein between about 2 percent 
and about 40 percent by weight of the dried base of a 
solid powdered material characterized by insolubility in 
the resulting hydrosol, infusibility at the temperature of 
calcination of the resulting base and a weight mean particle 
diameter of between about 1 and about 5 microns to 
effect formation of a gelable sol consisting essentially of 
Silica and zirconia characterized by a pH in excess of 6 
and a Zirconia content, on a dry solids basis, of between 
about 2 and about 20 percent by weight, permitting the 
Said Sol to set forming a gel consisting essentially of silica 
and zirconia, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a temperature 
in the approximate range of 150 to 220 F. for a period 
of at least about 1 hour under conditions of substantially 
atmospheric pressure, thereafter washing the gel free of 
Soluble matter, drying and calcining. 

4. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst comprising a minor proportion of a dehydrogen 
ation component selected from the group consisting of 
a metal, an oxide of a metal and a sulfide of a metal of . 
groups V, VI and VIII of the periodic table deposited on 
a base consisting essentially of silica and zirconia having 
a zirconia content of between about 2 and about 20 per 
cent by weight, prepared by reacting a water-soluble 
Zirconium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
and zirconia characterized by a pH in excess of 6 and a 
zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
Zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

5. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
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2) 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst comprising a minor proportion of molybdena 
deposited on a silica-zirconia base, said base having a 
Zirconia content of between about 2 and about 20 percent 
by weight and prepared by reacting a water-soluble Zir 
conium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
and zirconia characterized by a pH in excess of 6 and 
a zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

6. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst comprising a minor proportion of nickel deposited 
on a silica-zirconia base, said base having a zirconia 
content of between about 2 and about 20 percent by 
weight and prepared by reacting a water-soluble zirconium 
compound and an alkali metal silicate to effect forma 
tion of a gelable sol consisting essentially of silica and 
Zirconia characterized by a pH in excess of 6 and a 
Zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
Zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at at tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the gel 
free of soluble matter, drying and calcining. 

7. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst consisting essentially of a minor proportion of 
platinum deposited on a silica-zirconia base, said base 
having a zirconia content of between about 2 and about 20 
percent by weight and prepared by reacting a water-soluble 
Zirconium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
and zirconia characterized by a pH in excess of 6 and a 
zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

8. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be-, 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst consisting essentially of a minor proportion of 
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molybdenum oxide and cobalt oxide deposited on a silica 
zirconia base, said base having a zirconia content of be 
tween about 2 and about 20 percent by weight and pre 
pared by reacting a water-soluble zirconium compound 
and an alkali metal silicate to effect formation of a gelable 
sol consisting essentially of silica and Zirconia charac 
terized by a pH in excess of 6 and a zirconia content, on a 
dry basis, of between about 2 and about 20, permitting 
said sol to set forming a silica-zirconia gel, reducing the 
pH of said gel to below 5 and maintaining the gel under 
such conditions of reduced pH while in contact with 
an aqueous medium at a temperature in the approximate 
range of 150 to 220 F. for a period of at least about 1 
hour under conditions of substantially atmospheric pres 
Sure, thereafter washing the gel free of soluble matter, 
drying and calcining. 

9. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a 
catalyst consisting essentially of a minor proportion of 
nickel and molybdenum oxide deposited on a silica-zir 
conia base, said base having a zirconia content of between 
about 2 and about 20 percent by weight and prepared 
by reacting a water-soluble zirconium compound and an 
alkali metal silicate to effect formation of a gelable sol 
consisting essentially of silica and zirconia characterized 
by a pH in excess of 6 and a zirconia content, on a dry 
basis, of between about 2 and about 20, permitting said 
Sol to set forming a silica-zirconia gel, reducing the pH 
of said gel to below 5 and maintaining the gel under such 
conditions of reduced pH while in contact with an aque 
ous medium at a temperature in the approximate range 
of 150 to 220 F. for a period of at least about 1 hour 
under conditions of substantially atmospheric pressure, 
thereafter Washing the gel free of soluble matter, drying 
and calcining. 

10. A process for hydrocracking a hydrocarbon charge 
which comprises contacting the same in the presence of 
hydrogen at a temperature between about 600 F. and 
'about 1050 F., at a liquid hourly space velocity between 
about 0.1 and about 10, a hydrogen partial pressure be 
tween about 100 and about 5000 pounds per square inch 
gauge, employing a molar ratio of hydrogen to hydro 
carbon charge between about 2 and about 80 with a cat 
alyst consisting essentially of a minor proportion of 
nickel and tungsten deposited on a silica-zirconia base, 
said base having a zirconia content of between about 2. 
and about 20 percent by weight and prepared by react 
ing a water-soluble zirconium compound and an alkali 
metal silicate to effect formation of a gelable sol consist 
ing essentially of silica and zirconia characterized by a 
pH in excess of 6 and a zirconia content, on a dry basis, 
of between about 2 and about 20, permitting said sol to 
set forming a silica-zirconia gel, reducing the pH of said 
gel to below 5 and maintaining the gel under such con 
ditions of reduced pH while in contact with an aqueous 
medium at a temperature in the approximate range of 
150 to 220 F. for a period of at least about 1 hour un 
der conditions of substantially atmospheric pressure, 
thereafter washing the gel free of soluble matter, drying 
and calcining. 

11. A hydrocarbon conversion catalyst consisting es 
sentially of a minor proportion of a dehydrogenation 
component selected from the group consisting of a metal, 
an oxide of a metal and a sulfide of a metal of groups V, 
VI and VIII of the periodic table deposited on a silica 
zirconia base having a zirconia content of between about 
2 and about 20 and prepared by reacting a water-soluble 
zirconium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
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22 
and zirconia characterized by a pH in excess of 6 and a 
zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

12. A hydrocarbon conversion catalyst consisting es 
sentially of between about 2 and about 20 percent by 
weight of molybdena deposited on a silica-zirconia base 
having a zirconia content of between about 2 and about 
20 and prepared by reacting a water-soluble zirconium 
compound and an alkali metal silicate to effect formation 
of a gelable sol consisting essentially of silica and zir 
conia characterized by a pH in excess of 6 and a zirconia 
content, on a dry basis, of between about 2 and about 20, 
permitting said sol to set forming a silica-Zirconia gel, 
reducing the pH of said gel to below 5 and maintaining 
the gel under such conditions of reduced pH while in 
contact with an aqueous medium at a temperature in the 
approximate range of 150 to 220 F. for a period of at 
least about 1 hour under conditions of substantially at 
mospheric pressure, thereafter washing the gel free of 
soluble matter, drying and calcining. 

13. A hydrocarbon conversion catalyst consisting es 
sentially of between about 0.05 and about 10 percent by 
weight of platinum deposited on a silica-zirconia base 
having a zirconia content of between about 2 and about 
20 and prepared by reacting a water-soluble zirconium 
compound and an alkali metal silicate to effect forma 
tion of a gelable sol consisting essentially of silica and 
Zirconia characterized by a pH in excess of 6 and a Zir 
conia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

14. A hydrocarbon conversion catalyst consisting es 
sentially of between about 1 and about 10 percent by 
weight of cobalt oxide and between about 1 and about 
20 percent by weight of molybdenum oxide deposited on 
a silica-zirconia base having a zirconia content of between 
about 2 and about 20 and prepared by reacting a water 
soluble zirconium compound and an alkali metal silicate 
to effect formation of a gelable sol consisting essentially 
of silica and zirconia characterized by a pH in excess of 
6 and a Zirconia content, on a dry basis, of between about 
2 and about 20, permitting said sol to set forming a silica 
Zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 
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15. A hydrocarbon conversion catalyst consisting es 
sentially of between about .01 and about 10 percent by 
weight of nickel and about 1 and about 20 percent by 
Weight of molybdenum oxide deposited on a silica-zir 
conia base having a zirconia content of between about 2. 
and about 20 and prepared by reacting a water-soluble 
zirconium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
and Zirconia characterized by a pH in excess of 6 and a 
zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
Zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
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while in contact with an aqueous medium at a tempera 
ture in the approximate range of 150 to 220 F. for a 
period of at least about 1 hour under conditions of sub 
stantially atmospheric pressure, thereafter washing the 
gel free of soluble matter, drying and calcining. 

16. A hydrocarbon conversion catalyst consisting essen 
tially of between about .01 and about 10 percent by weight 
of nickel and about 1 and about 20 percent by weight of 
tungsten deposited on a silica-zirconia base having a 
Zirconia content of between about 2 and about 20 and 
prepared by reacting a water-soluble zirconium compound 
and an alkali metal silicate to effect formation of a gelable 
Sol consisting essentially of silica and zirconia character 
ized by a pH in excess of 6 and a zirconia content, on a 
dry basis, of between about 2 and about 20, permitting said 
Sol to set forming a silica-zirconia gel, reducing the pH 
of said gel to below 5 and maintaining the gel under such 
conditions of reduced pH while in contact with an aqueous 
medium at a temperature in the approximate range of 150 
to 220 F. for a period of at least about 1 hour under con 
ditions of substantially atmospheric pressure, thereafter 
washing the gel free of soluble matter, drying and cal 
cining. 

17. A hydrocarbon conversion catalyst consisting essen 
tially of a minor proportion of a dehydrogenation com 
ponent selected from the group consisting of a metal, an 
oxide of a metal and a sulfide of a metal of groups V, VI 
and VIII of the periodic table deposited on a silicia 
zirconia base having a zirconia content, of between about 
2 and about 20 percent by weight and prepared by reacting 
a water-soluble zirconium compound and an alkali metal 
silicate having dispersed therein between about 2 and 
about 40 percent by weight of the dried base of a solid 
powdered material characterized by insolubility in the 
resulting hydrosol, infusibility at the temperature of cal 
cination of the resulting base, and a weight mean particle 
diameter of between about 1 and about 5 microns to effect 
formation of a gelable sol comprising silica and zirconia 
characterized by a pH in excess of 6 and a zirconia con 
tent, on a dry basis, of between about 2 and about 20 per 
cent by weight, permitting the said sol to set forming a 
gel consisting essentially of silica and zirconia, reducing 
the pH of said gel to below 5 and maintaining the gel 
under such conditions of reduced pH while in contact 
with an aqueous medium at a temperature in the approxi 
mate range of 150 to 220 F. for a period of at least about 
1 hour under conditions of substantially atmospheric 
pressure, thereafter washing the gel free of soluble matter, 
drying and calcining. 

18. A method for preparing a catalytic composite which 
comprises reacting in aqueous solution a water-soluble 
Zirconium compound and an alkali metal silicate to effect 
formation of a gelable sol consisting essentially of silica 
and zirconia characterized by a pH in excess of 6 and a 
Zirconia content, on a dry basis, of between about 2 and 
about 20, permitting said sol to set forming a silica 
zirconia gel, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a temperature 
in the approximate range of 150 to 220 F. for a period 
of at least about 1 hour under conditions of substantially 
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atmospheric pressure, washing the gel free of soluble mat 
ter, drying, calcining, and depositing on the resulting silica 
Zirconia gel a minor proportion of a dehydrogenation 
component selected from the group consisting of a metal, 
an oxide of a metal, and a sulfide of a metal of groups V, 
VI and VIII of the periodic table. 

19. A method for preparing spheroidal particles of a 
hydrocracking catalyst which comprises reacting in aque 
ous solution, a Water-soluble zirconium compound and an 
alkali metal silicate to effect formation of a gelable so 
consisting essentially of silica and zirconia characterized 
by a pH in excess of 6 but not greater than 10, a gelation 
time of less than 20 seconds, and a zirconia content, on a 
dry basis, of between about 2 and about 20 percent by 
weight, introducing globules of the resulting hydrosol 
into a water-immiscible fluid wherein the globules of 
hydrosol set to spheroidal particles of hydrogel, effecting 
gelation of said spheroidal hydrosol particles, reducing the 
pH of said particles to below 5 but in excess of 1 and main 
taining the hydrogel particles under such conditions of 
reduced pH while in contact with an aqueous acidic 
medium at a temperature in the approximate range of 
175 to 220 F. for at least about 1 hour under conditions 
of substantially atmospheric pressure, water-washing the 
gel free of soluble matter, drying, calcining and depositing 
on the resulting spheroidal silica-zirconia gel a minor pro 
portion of a dehydrogenation component selected from the 
group consisting of a metal, an oxide of a metal, and a 
sulfide of a metal of groups V, VI and VIII of the periodic 
table. 

20. A method for preparing a catalytic composite which 
comprises reacting a Water-soluble Zirconium compound 
and an alkali metal silicate having dispersed therein be 
tween about 2 percent and about 40 percent by weight of 
the dried gel of a solid powdered material characterized 
by insolubility in the resulting hydrosol, infusibility at the 
temperature of calcination of the resulting gel and a weight 
mean particle diameter of between about 1 and about 5 
microns to effect formation of a gelable sol consisting 
essentially of silica and zirconia characterized by a pH 
in excess of 6 and a zirconia content, on a dry basis, of 
between about 2 and about 20 percent by weight, permit 
ting the said sol to set forming a gel comprising silica and 
zirconia, reducing the pH of said gel to below 5 and 
maintaining the gel under such conditions of reduced pH 
while in contact with an aqueous medium at a temperature 
in the approximate range of 150 to 220 F. for a period 
of at least about 1 hour under conditions of substantially 
atmospheric pressure, washing the gel free of soluble mat 
ter, drying, calcining, and depositing on the resulting 
silica-zirconia gel a minor proportion of a dehydrogena 
tion component selected from the group consisting of a 
metal, an oxide of a metal, and a sulfide of a metal of 
groups V, VI and VIII of the periodic table. 
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