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This invention relates to methods for the catalytic 
hydrocracking of high-boiling mineral oil fractions to 
produce therefrom lower boiling fractions such as 
gasoline. More particularly the invention concerns the 
use of certain novel catalysts in the hydrocracking 
process, said catalysts being composed of an adsorbent 
oxide carrier of the acidic type which in itself displays 
cracking activity, and distended thereon a minor propor 
tion of a special type of chromium sul?de derived by 
reduction of chromium sulfate. It has been found that 
the chromium sul?de composition exhibits a substantially 
higher activity for promoting the desired hydrocracking 
reactions than does a corresponding chromium oxide 
catalyst. 
The hydrocracking process itself consists in passing 

the high boiling feedstock in admixture with hydrogen 
over the catalyst at suitable temperatures, feed rates, 
pressures, etc. to eifect a substantial conversion of the 
high boiling hydrocarbons to materials boiling in the 
gasoline range. Simultaneously, any organic sulfur and 
nitrogen compounds present in the feed are largely 
decomposed to hydrogen sul?de, ammonia and hydro 
carbon fragments. Such hydrocracking processes are 
often referred to as destructive hydrogenation, or hydro 
genolysis. 

It is a principal object of this invention to provide 
more e?icient and selective catalysts for the hydro 
cracking of mineral oils, which will effect a maximum 
conversion to high quality gasoline-boiling range hydro 
carbons, and a minimum of destructive degradation to 
products such as methane and coke. Another object is 
to provide active catalysts which are also thermally 
stable, and hence may be utilized for long periods of 
time. Another object is to provide optimum process 
conditions for the utilization of such catalysts. A further 
object is to provide hydrocracking catalysts which are 
more economical than previously utilized catalysts. 
A still further object is to provide methods for effectively 
desulfurizing and denitrogenating high boiling feedstocks. 
A speci?c object 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 obtained. Another speci?c object is to provide 
catalysts which, in contrast to conventional hydro 
genolysis catalysts, will produce gasoline hydrocarbons 
having even higher antiknock qualities than those pro 
duced by conventional catalytic cracking. 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, 
invariably leads to the production ‘of a considerable 
proportion of a fraction which boils in the same range 
as the initial charge stock, but which is much more 
refractory toward further cracking. This is ‘true whether 
the cracking process is non-catalytic or catalytic, and 
as a result there are de?nite limitations on the degree 
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to which pro?table recycling of this fraction to the 
cracking operation can be practiced. The e?ect 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 elfected in a subsequent thermal 
cracking operation. Recycling to extinction invariably 
results in poor selectivity of the conversion to gasoline, 
as a result of excessive formation of carbonaceous 
catalyst deposits and 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 

result, principally, of the formation of polynuclear 
aromatic hydrocarbons through reactions of dehydro 
genation, hydrogen transfer, cracking, cyclization, or 
condensation. It is well known, for example, that recycle 
stocks from catalytic cracking have a high content of 
methylnaphthalenes. These may be formed by the crack 
ing of long side-chains or of saturated rings attached 
to a naphthalene nucleus, by the dehydrogenation of 
polynuclear naphthenes or aromatic-naphthenes such as 
alkyltetralins, and even by the polymerization and cycliza 
tion of ole?ns produced from saturated hydrocarbons 
or alkyl side-chains. In thermal cracking, one important 
mechanism of polynuclear aromatic hydrocarbon forma 
tion is the condensation of diole?ns with aromatics of 
lower ring content. 

In catalytic cracking, another important factor leading 
to apparent refractoriness is the accumulation of pyridine 
or quinoline-type compounds in the recycle stock. 
These basic nitrogen compounds exert a temporary 
poisoning effect on the acidic catalyst centers, and low 
conversion of the cycle stock results. 
The above-noted di?iculties are avoided or minimized 

by the process herein described. Thus, by preventing 
complete dehydrogenation of polynuclear naphthenes to 
polynuclear aromatics, by hydrogenating at least partially 
the polynuclear aromatics already present in the charge 
stock, by preventing high ole?n or diole?n content with 
subsequent reactions of polymerization, cyclization, or 
condensation, and by decomposing basic nitrogen com 
pounds to innocuous ammonia, relatively high partial 
pressures of hydrogen can permit a maximum theoretical 
conversion of heavy hydrocarbons of all types to hydro 
carbons boiling in the desired gasoline range. A process 
which, in a single ste , employs su?icient hydrogen 
to cause an appreciably greater conversion of any 
higher boiling hydrocarbon mixture to gasoline than is 
possible in one step by conventional catalytic or non 
catalytic cracking processes 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 cracking at some stage, 
presumably in the very initial stages, though there may 
not necessarily be a net consumption of hydrogen. 
From the above discussion it will be apparent that the 

catalysts of the present inventionmay 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 “unconverted” fraction is not greatly 
degraded with respect to refractoriness, and may hence 
*be recycled substantially to extinction. It will be appar 
ent also that the catalyst may be employed to treat the 
refractory residues from conventional cracking operations 
whereby a substantial yield of high quality gasoline is 



2,885,349, 
a 

‘.‘J 
obtained. The residue from this operation may likewise 
be recycled, either to the hydrocracking step or back 
to a conventional cracking step in the absence of hydro 
gen. These results are not obtainable when treating 
such recycle stocks with a conventional silica-alumina 
catalyst; hydrogen is practically without effect on the 
cracking of such stocks with this catalyst. 
The hydrocracking conditions employed herein involve 

passing the vaporized hydrocarbons over the ?nished 
catalyst at temperatures ranging between about 750° and 
1050° F., hydrogen pressures above about 100 p.s.i.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 ratios may range between about 1000 
and 10,000 s.c.f. per barrel of feed. A minimum hydro 
gen pressure of about 500 p.s.i.g. is critical herein when 
treating highly refractory, aromatic cycle stocks; at lower 
pressures dehydrogenation is favored, resulting in in 
creased aromaticity and refractoriuess of the stock. The 
optimum conditions herein de?ned are adapted to effect 
partial hydrogenation of fused-ring aromatic hydrocar 
bons to more highly saturated ring compounds, which 
are in turn more readily cracked to produce ultimately 
monocyclic aromatic hydrocarbons, and low-boiling 
paraf?ns. 
The carriers employed herein consist of the conven 

tional adsorbent oxide type of cracking catalysts, e.g. 
silica-alumina. It is generally believed that such crack 
ing catalysts owe their cracking activity to the presence 
of acid centers on the surface, since it is known that 
active cracking catalysts exhibit acidic properties and 
that many of the reactions which occur in catalytic 
cracking are typical of acid catalyzed reactions which 
proceed through the medium of carbonium ions (Indus 
trial and Engineering Chemistry, vol. 41, pages 2565-73, 
1949). The best known examples of such cracking cata 
lysts are silica-alumina, silica-magnesia, silica-zirconia, 
silica-alumina-zirconia, alumina-boria and titania-boria. 
In addition, the various natural clays of the montmoril 
lonite type, particularly when subjected to a preliminary 
acid treatment with a mineral acid such as hydrochloric 
acid, hydrofluoric acid, sulfuric acid, etc., also possess 
recognized cracking activity. These natural clays in 
clude the various acid-washed bentonites, e.g. Filtrol, 
Super Filtrol, etc. Such clays usually comprise about 
70-90% SiOz and 10-30% A1203 by weight. The pre 
ferred group of carriers comprise those cracking cata 
lysts made up of silica and alumina. In particular, syn 
thetic co-precipitated gels of alumina and silica are highly 
desirable, containing for example between about 5% 
and 90% by weight of silica and 10% to 95% by weight 
of alumina. 

It is well known in the art that compositions contain 
ing the various chromium oxides, e.g. CrOa and Cr2‘O3 
possess signi?cant hydrogenating-dehydrogenating activ 
ity. Such chromium oxide catalysts are usually prepared 
by impregnating a carrier such as alumina with aqueous 
solutions of chromic acid, followed by drying and cal 
cining. Usually, for purposes of dehydrogenation, non 
acidic carriers have been employed, such as pure alumina. 

It has now been found that chromium sul?des of un 
known composition, when prepared by reduction of 
chromium sulfate previously impregnated upon an acid 
type cracking catalyst, display a substantially greater 
activity for hydrocracking, and for desulfurization and 
denitrogenation, than do corresponding catalysts com 
posed of chromium oxide. ‘Chromium sul?de catalysts 
cannot normally be prepared by the usual method of 
sul?ding a chromium oxide catalyst because the oxides 
of chromium cannot readily be converted to sul?des by 
reaction with hydrogen sulfide or other sulfur com 
pounds. However, at high temperatures, the reaction: 

ZCI'Os-i CI'2S3+6H2O (1) 
has been reported (Ann. 37, 3 50 (1841). But, chromium 
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4 
sul?de is readily convertible to the oxide by treat 
ment with water or oxygen. Hence the sul?de catalyst 
must be employed in the substantial absence of oxygen 
compounds. If any oxygen compounds are present in 
the feed it is preferable to remove such components prior 
to the hydrocracking treatment. It is possible however 
to tolerate small amounts of oxygen if there is present 
in the feed a large mol excess of total sulfur. This sulfur 
is converted to hydrogen sul?de, and will tend to pre 
vent to some extent the deleterious effects of small mol 
proportions of oxygen compounds by shifting the equi 
librium of Equation 1 to the right. 
The preferred method of preparing the catalyst com 

prises ?rst preparing the adsorbent carrier in the form of 
pellets or granules, then impregnating with an aqueous 
solution of chromium sulfate. However, other methods 
of preparation may be employed. For example, a wet 
gel of the carrier components may be slurried with a 
concentrated chromium sulfate solution and the mixture 
then dried and calcined. Alternatively the powdered, dry 
carrier may be wetted with a concentrated chromium 
sulfate solution and then dried, calcined and pressed into 
pellets or tablets. Normally, the impregnation of the 
dry, adsorbent carrier is the preferred method, both from 
the standpoint of convenience and activity. The propor 
tion of chromium sulfate added should be sufficient to 
provide, in the ?nished catalyst, between about 1% and 
20% by weight of Cr, preferably between about 3% and 
10%. 
The sul?de form of the catalyst is prepared normally 

by subjecting the composite of chromium sulfate on the 
carrier to reduction with hydrogen at elevated tempera 
tures. For this purpose, temperatures between about 
300° and 600° C. may be employed, while continu 
ously passing hydrogen over the catalyst and removing 
the Water, hydrogen sul?de, sulfur dioxide and free sul 
fur formed during the reaction. Normally, the reduc 
tion may be completed in about 1 to 5 hours, as evi 
denced by the absence of H20, H25 and SO; in the 
‘exhaust gases. Instead of subjecting the chromium sul 
fate composite to a pre-reduction, the sulfate catalyst 
may be employed directly in the hydrocracking process, 
and reduction is accomplished during the processing by 
virtue of the hydrogen present therein. For the latter 
mode of operation, the chromium sulfate catalyst need 
only be dried at a low temperature, e.g. 200 to 400° 
F., or preferably it may be calcined in air at 400 to 1000° 
F., and is then ready for use. The calcining treatment 
normally does not effect decomposition of the sulfate. 
‘In the preferred method of operation, the sulfate cat 
alyst is pro-reduced in hydrogen as described. 
The following examples are cited to illustrate the com 

parative activity of the chromium sul?de catalyst as 
compared to a corresponding oxide catalyst. These ex 
mples however should not be construed as limiting in 
scope. 

EPQXMPLE I 
An alumina-silica gel containing an estimated 95% 

A1203 and 5% SiOz by Weight was prepared by co-pre 
cipitation of an aqueous mixture of sodium aluminate 
and sodium silicate with carbon dioxide. The precipi 
tate was washed until substantially free of sodium ions, 
dried at 200° to 230° F., and activated by heating for two 
hours at 1000° F. 
A portion of the foregoing carrier was then impreg 

nated with an aqueous solution of chromium sulfate, 
Cr2(SO4)3-9H2O, of su?icient concentration to give a 
final catalyst containing 4.7% Cr. The catalyst was then 
drained and dried at a low temperature, and Was then 
subjected to reduction in hydrogen at 475° C. to give 
a chromium sul?de of unknown structure. The evo 
lution of S02 and H25 during the reduction was noted. 
This catalyst is designated as catalyst No. 1. 

Another portion of the above carrier was then impreg 
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nated with an aqueous solution of chromic acid. The 
excess solution was drained, and the catalyst was dried 
and reduced in hydrogen as above described to give a 
?nal catalyst comprising 8.6% by weight Cr2O3 (5.9% 
Cr). This catalyst is designated as catalyst No. 2. 
Each of the above catalysts was then employed for 

hydrocracking a cycle oil boiling above 400“ F. derived 
from a commercial catalytic cracking operation, and con 
taining about 65% by volume of aromatic hydrocarbons, 
1.0% by weight sulfur, 0.14% by weight of nitrogen. 
The conditions of hydrocracking were: temperature 900° 
F., pressure 1000 p.s.i.g., liquid hourly space velocity 
0.5, and hydrogen/feed ratio of 8000 cubic feet per bar 
rel. Analysis of the respective products gave the follow 
ing data: 

Table I 

Vol. Per- Wt. Per- Wt. Per 
cent Gaso- cent 5 cent N 

Catalyst line Yield, in Total in Total 
Gig-400° Product Product 

1. Or Sul?de ___________________ __ 39 0. 14 0. 03 
2. Cr Oxide _____________________ _- 33 0.26 0.06 

The above data show that the chromium sul?de cat 
alyst prepared by reduction of the sulfate gave a sub 
stantially higher yield of gasoline, and substantially bet 
ter desulfurization and denitrogenation than did the 
chromium oxide catalyst. Moreover, this result was ob 
tained in spite of the fact that the oxide catalyst con~ 
tained a signi?cantly higher proportion of chromium. 
Similar differential results are obtained under other con 
ditions of hydrocracking varying within the scope of the 
speci?cation. 

EXAMPLE 11 

When the test procedure of Example I is repeated em 
ploying a commercial synthetic silica-alumina cracking 
catalyst containing about 85% by weight SiO, and 15% 
A1203 as carrier, higher gasoline yields and better de 
sulfurization and denitrogenation are obtained with each 
catalyst, but the chromium sul?de catalyst still displays a 
higher activity in all respects than the chomium oxide 
catalyst. 

EXAMPLE III 

When the procedure of Example I is repeated using as 
carried a 50/50 mixture of co-precipitated silica-zirconia, 
the gasoline yield, desulfurization, and denitrogenation 
obtained are each substantially better for the chromium 
sul?de catalyst than for the chromium oxide catalyst. 
From the above it will be apparent that the catalysts 

described herein exhibit surprisingly higher activity for 
the hydrocracking of refractory cycle stocks than do the 
corresponding chromium oxide catalysts. Similarly im 
proved results are obtained when treating other feed 
stocks within the scope of the invention. It is not in 
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tended that the 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. 

I claim: 
1. A process for hydrocracking and desulfurizing a min 

eral oil feedstock boiling above the gasoline range and 
containing at least about 0.1% sulfur to produce gaso 
line-boiling-range hydrocarbons of reduced sulfur con 
tent, Which comprises contacting said feedstock with a 
hydrocracking catalyst substantially in the absence of 
water and oxygen and in the presence of between about 
1,000 and 10,000 s.c.f. of hydrogen per barrel of feed, 
said hydrocracking catalyst consisting essentially of a 
major proportion of an adsorbent acidic oxide carrier 
having cracking activity, and a minor proportion of mixed 
chromium sul?des derived by the reduction of chromium 
sulfate as de?ned in claim 4, the conditions of hydro 
cracking comprising a temperature between about 750° 
and 1050“ F., hydrogen pressure between about 500 and 
5,000 p.s.i.g., and space velocity between about 0.1 and 
110 volumes of liquid feed per volume of catalyst per 
' our. 

2. A process as de?ned in claim 1, wherein said feed 
stock is a residual oil rich in fused-ring aromatic hydro 
carbons obtained from a catalytic cracking operation con 
ducted in the absence of added hydrogen at a tempera 
ture between about 800° F. and 1000“ F. 

3. A process as de?ned in claim 1 wherein said carrier 
is a silica-alumina composite containing between about 
10% and 95% A1203 and about 5% to 90% of SiO, by Weight. 

4. A method for preparing a hydrocracking catalyst, 
wherein the hydrogenating component consists of a highly 
active form of chromium sul?de, which comprises im 
gpregnating an adsorbent, acidic oxide carrier having 
cracking activity with sul?cient of an aqueous solution of 
chromium sulfate to deposit on said carrier a minor pro 
portion of chromium sulfate, draining and drying the im 
pregnated catalyst and then subjecting the dried catalyst 
to reduction in a stream of hydrogen at 300° to 600° C. 
for 1 to 5 hours while continuously removing water, 
hydrogen sul?de, sulfur dioxide and free sulfur from the 
contacting zone. 

5. A process as de?ned in claim 4 wherein said car 
rier is a silica-alumina composite containing between 
about 10% and 95% A1203 and about 5% to 90% of 
SiOz by weight. 
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