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This invention relates to catalytic compositions . effec-
tive in processes for converting hydrocarbons. More par-
ticularly this invention relates to new catalytic composi-
tions, their preparation, and to a process for converting
refatively high molecular weight hydrocarbons to lower
;nolecular weight hydrocarbons employing the new cata-
yst.

The conversion of Dpetroleum hydrocarbons by proc-
esses such as cracking, reforming, destructive hydrogen-
ation, and ‘the like, using a variety of catalysts and
reaction conditions has heretofore been described. In
cracking processes it is generally desired to produce a
good yield of high octane number gasoline and it is
known that operation under relatively high temperature
conditions improves the octane number of the gascline
fraction from such processes. However, such relatively
high temperatures canse an increase in the yield of nor-
mally gaseous hydrocarbons and coke, both of which are
undesired products. Tt is also kiown that catalytic
cracking processes should be operated with petroleum
stocks having relatively low concentrations of metallic
contaminants, such as compounds of chromium, vana-
dium, nickel and iron, since such contaminants form a
deposit, as the metal oxide, on the catalyst and cause a
decrease in the gasoline yield and an increase in the for-
mation of normally gaseous hydrocarbons and coke.
Thus it has been reported that quantities up to one per-
cent of an oxide of a metal such as chromium or vana-
dium deposited on a cracking catalyst cause a significant
decrease in catalytic activity, an increase in gas formation
and an increase in coke deposition . (McIntosh, Paper
Presented before the Division of Petrolenm Chemistry
of the Am. Chem. So¢., New York Meeting, September
11-17, 1954),

An object of this invention is to provide a new catalytic
composition especially effective for cracking hydrocarbons
under relatively high temperature conditions. Another
object is to provide a new catalytic composition effective
for cracking relatively high boiling petroleum hydrocar-
bons containing metai compounds as impurities. A fur-
ther object is to provide a new brocess for cracking
petrelenm hydrocarbons wherein high yields of 'gasoline
of high octane number are obtained and only minor quan-
tities. of normally gaseous hydrocarbons and coke are
formed. Other objects and their achievement in accord-
ance with the invention will be apparent from the follow-
ing specification.

GENERAL

A new catalytic composition has been - discovered
which gives improved results in cracking relatively- high
molecular weight petroleum hydrocarbons to lower molec-
ular weight hydrocarbons beiling in the gasoline range.
The new catalytic composition consists essentially of a
cracking catalyst and an oxide of a metal from . group
V or VI of the periodic table. While the cracking cata-
lyst portion of the new composition may be prepared by
means herstofore known, it is essential that certain steps
in preparing the final compeosition of the invention be per-
formed as hereinafter described. It is also essential that
the quantity of metal oxide be within the limits herein-
after defined. It has been found that the new catalytic
composition is especially effective in converting rela-
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tively high boiling petroleum fractions which contain sub-
stantial quantities of contaminating metal compounds to
high octane gasoline in good yield, and that in the process
only minor quantities of normally gaseous hydrocarbons
and coke are formed. It has been further found that the
normally gaseous hydrocarbens which are produced are
highly unsaturated in character and hence are especially
valuable for use in processes such as alkylation and
polymerization.
THE CATALYST

The catalyst of the invention consists essentially of a
siliceous cracking catalyst, such as a silica-alumina crack-
ing catalyst, and an cxide of a metal from group V A
or Vi A of the pericdic table, the preparation of which
includes a specific treatment as hereinafter described. By
“siliceous cracking catalyst” is meant a synthetic or
natural siliceous composition known to be effective for
the cracking of hydrocarbons. The siliceous -cracking
catalyst, before deposition of the oxide, should contain
at least above about 50% silica (calculated as Si0s). As
illustrative of the cracking catalysts which can be used,
synthetic silica-alumina, silica-magnesia, - silica-zirconia
and silica-alumina-zirconia cracking catalysts give good
results. Natural cracking catalysts such as the bentonite
and kaolin clays, which may have been activated with an
acid, give good results. The metal oxide must be in-
corporated with the cracking catalyst in a quantity of at
least 2.9% by weight, and preferably the quantity de-
posited is in the range of from 2.9% to 11% by weight.
When quantities below 2.9% of the metal oxide are used,
excessive quantities of normally gaseous hydrocarbons
and coke are formed and the yield of gasoline is poor.
No advantage accrues from using a quantity of metal
oxide greater than 11%, and the use of such larger
quantities may have deleterious effects, ¢. g., in promoting
undesired side reactions' and decreasing conversion to
gasoline. It is preferred to deposit metal oxide on the
cracking catalyst. . However, if desired, the metal oxide
can be incorporated in the composition by coprecipitation,
such as by coprecipitation with silica, with another com-
ponent such as alumina, or both, in which case the quanti-
ties of materials in the final composition must be within
the stated limits.

Especially suitable for deposition on the silica-contain-
ing cracking catalyst are the oxides of chromium, vana-
dium, molybdenum and tungsten. -Combinations of such
oxides wherein the total quantity thereof is within the
stated limits of from 2.9% to 11% by weight can be used
if desired.

For simplicity the composition and the process of the
invention are hereinafter described in terms of chromia
deposited on a silica-alumina cracking catalyst, although
the scope of the invention is limited only as herein in-
dicated. To illustrate the preferred catalytic composition
of the invention, from 2.9% to 11% chromia is deposited
on a synthetic silica-alumina composition containing from
50% to 90% by weight silica and from 50% to 10%
alumina. - The final catalytic composition thus contains,
in percent by weight, from about 45% to 87.5% silica,
from about 9% to 48.6% alumina and from about 2.8%
to 10% chromia.

PREPARATION OF CATALYST

The preparation of the catalyst of the invention is
important and certain steps, as hereinafter described, must
be observed in order to obtain the desired catalytic com-
position. The silica-containing cracking catalyst, how-
ever; can be prepared by means heretofore known. For
example, the silica-alumina portion of the catalyst can be
prepared by impregnating silica with water soluble salts
of aluminum, directly combining precipitated hydrated
alumina and silica, or by joint precipitation of alumina
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and silica from aqueous solutions of their water soluble
salts and by washing, drying and heating the re§ulting
composition. The resulting silica-alumina composition
should have an activity index of at least 30 and preferably
from 40 to 50. “Activity index,” as used herein, is a
measure of the efficiency of the catalyst for cracking hy-
drocarbons and is determined by a method described by
Alexander, Proceedings Am. Pet. Inst. 27 (III) 51 (No-
vember 1947). i

After preparation of the silica-alumina cracking catalyst
chromia is deposited thereon. This is accomplished by
impregnating the silica-alumina composition with‘ an
aqueous solution of a water soluble salt of chromium,
such as ammocnium dichromate, chromium chloride,
chromium nitrate, or the like. The concentration of the
selected salt in the aqueous solution, and the quantity of
solution used to impregnate the catalyst, should be such
that the concentration of the resulting metal oxide is with-
in the defined limits. After impregnation, the silica-
alumina composition is drained, if necessary, and dried
preferably at a temperature of 100° C. to 200° C. for from
1 to 20 hours, and is then calcined at a temperature of
500° C. to 750° C. If desired, the chromia can be co-
precipitated with the alumina, the silica, or both, in which
case the composition is dried and calcined as described
above. ‘

It is essential to the successful preparation of the cat-
alytic composition of the invention that the calcined com-
position be subjected to steaming at an elevated tempera-
ture. The steaming is performed by maintaining the cat-
alyst in an atmosphere of about 100% steam at a tem-
perature of from about 600° C. to 800° C. for from about
.1 hour to 8 hours. It is only through the use of both a
relatively large quantity of chromja and steaming the
silica-alumina-chromia composition that the highly ad-
vantageous results of the invention are obtained. It is
essential that the chromia be incorporated with the silica-
alumina prior to the steaming step, since steaming the
silica-alumina composition prior to the incorporation of
metal oxide does not give a composition comparable, for
cracking, to the catalyst of the invention.

The catalytic composition of the invention, and the
preparation thereof, is above illustrated by a_ silica-
alumina-chromia catalyst. Other catalysts within the
scope of the invention are prepared in a similar manner.,
For example, a silica-containing cracking catalyst such as
silica-magnesia or the like can be prepared by means
known in the art, and an oxide of chromium, vanadium,
molybdenum or tungsten deposited thereon as above de-
scribed for chromida. In each event, however, it is essen-
tial that the cracking catalyst having the metal oxide in-
corporated therewith be subjected to the steaming step as
described for the silica-alumina-chromia catalyst. It is
not known with certainty why. the steaming step is essen-
tial in preparing the catalyst of the invention and it is not
desired to be limited by theoretical considerations, but it is
believed that the steaming causes some modification in the
physical structure of the composition which gives the high-
ly beneficial results in accordance with the invention.

CRACKING

The cracking process of the invention:employing the
new catalyst composition, as above described, is especially
valuable for converting hydrocarbons boiling above the
gasoline range to gasoline hydrocarbons in good yiéld
without the formation of substantial quantities of gaseous
hydrocarbons or coke. Es$pecially suitable charge stocks
are gas oils boiling within the range of from about 200°
C. to about 600° C., such as the gas oil, fraction boiling
within the range from about 207° C. to 370° C., but other
gas oils boiling within other ranges within the described
limits are suitable. Especially advantageous results are
obtained with charge stocks having relatively high con-
centrations of metal compounds, as impurities, which are
known to deleteriously affect the cracking activity of here~

4
tofore used catalysts, such as compounds of vanadium,
chromium, molybdenum or tungsten. Good results are
obtained, for example, with charge stocks having from
less than 1 p. p. m. (parts per million based on the metal)
up to 10 p. p. m. or more, say up to 200 p. p. m. It is not
known why good results are obtained with such charge
stocks but it is believed that the catalytic composition of
the invention, which already contains a substantial

. quantity of the same or a similar metal oxide, is not
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poisoried. by the addition of minor quantities of such
oxides dirring the cracking process. )

As above stated the catalytic composition of the inven-
tion gives especially beneficial results when used for
cracking under relatively high temperature conditions,
say at temperatures from 450° C. to 540° C., and pref-
erably at temperatures within the range of from about
480° C. to 540° C. Such high temperatures result in a
gasoline product having a relatively high octane number
so that the gasoline fraction can be used, without further
processing, as motor fuel or as a component of motor
fuels blended with other suitable materials. The cracking
process is preferably operated at atmospheric pressure,
but superatmospheric pressure, say up to about 50 p.s.i. g.
(pounds per square inch gauge), can be used with good re-
sults. Hydrogen may be added to the process if desired,
and good results are obtained therewith. The space rate
(v./v./hr.), which is the volume of hydrocarbons charged
per volume of catalyst per hour, should be maintained

- within the range from 0.5 to 6 in continuous operations
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sich as in fixed bed or moving bed processes. Although
such continuous processes are preferred, batch operation
can be used under conditions substantially equivalent to
the conditions described above.

After operation for a substantial time catalytic activ-
ity of the catalyst may decrease due to coke deposition,
but such decrease is much slower than is observed with
processes heretofore described. When the activity of
the catalyst is decreased to an extent so that the opera-
tion therewith is uneconomical, the catalyst can be re-
generated by the usual means for regeénerating a silica-
alumina cracking catalyst, i. e. by burning coke there-
from. Such regeneration has been found to substan-
tidlly testore the activity of the catalyst.

EXAMPLES
Example 1

A’ synthetic silica-alumina cracking catalyst contain-
ing about 87% silica and about 13% alumina and hav-
ing an activity index of about 46 was impregnated with
an aqueous solution of ammonium dichromate, dried and
calcined. The calcined composition was then subjected
to an atmosphere of 100% steam at about 732° C. for
4 hours. The resulting composition consisted essentially
of about 83.5% silica, about 12.5% alumina, and about
4% chromia.

A gas oil boiling from about 207° C. to about 371° C.
was contacted with the silica-alumina-chromia catalyst
at a temperature of about 510° C. using a space rate of
1 and substantially atmospheric pressure. In a single
pass 51.5% of the charge was converted. For compari-
son, the procedure was repeated using the silica-alumina
cracking catalyst, above-described, which had been
steamed also as above described, but which did not con-
tain chromia. In a single pass 57.9% of the charge was
converted. Results obtained were as follows:

Silica- Silica-
alumina- | alumina
o chromia
Qasoline fraction (volume percent).. 36.7 35.5
Butanes (volume percent) .. 11.3 16.9
Dry gas (weight percent).. 5.6 8.1
Coke (weight percent)..... 2.6 3.1
Qlefin content of butanes (volume percent) . 55.4 45.7
Olefin content of propanes (weight percent)....._.. 79.4 75.4
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The gasoline fractions consisted of the hydrocarbons
boiling above the butanes up to about 207° C. It will
be noted that, while the silica-alumina catalyst gave a
somewhat greater conversion than the silica-alumina-
chromia catalyst, the latter catalyst gave a higher yield
of gasoline. Thus, the “gasoline/conversion,” which is
the gasoline produced divided by the conversion obtained
(calculated as 100X gasoline produced/conversion), and
which shows the selectivity of the catalyst for producing
gasoline, was 71.3 for the catalyst of the invention and
only 61.3 for the silica-alumina catalyst.

Example 2

A silica;alumina-chromia catalyst containing 4.4%
chromia, 12.4% alumina and 83.2% silica was prepared
substantially as described in Example 1, including main-
taining the silica-alumina-chromia composition in an at-
mosphere of 100% steam at about 732° C. for 4 hours.
This catalyst wag used to crack the same gas oil used in
Example 1. In the cracking, the temperature was main-
tained at about 510° C,, and the space rate at 1. Atmos-
pheric pressure was used and the catalyst was regen-
erated, by burning, after operation for 20 minute pe-
riods. The following results were obtained, the data
presented being obtained over the indicated number of
catalyst regenerations, designated “cycles” in the table:

3-8 99-104
Cyeles. e and | 866-67 | and
10-17 106-11
Conversion (volume percent) -..._.._...______. 55.0 54.3 54.6
Gasoline (volume percent) . __.__ 3.1 85.3 36.0
Butaues (volume percent)...____ 18. 4 18.7 20.1
Dry gas (weight percent)_ 5. 88 6. 41 4.09
Coke (weight percent).__ - 2.5 2.5 2.5
Gasoline/conversion___.__ JE U 62.0 65.1 65.9
Octane number of gasoline (ASTM method
DO08B3) - - e e e 97.2 95.5 96. 2
Olefins in Cy fraction (volume percent)........ 57 56 74
Olefins in Cs fraction (weight pereent)...______ 78 78 80

Example 3

Example 2 was repeated using the same catalyst and re-
action conditions, a gas oil boiling from about 202° C.
to about 516° C. being used as the charge stock. Re-
sults were comparable to those obtained in Example 2,

the conversion being 54.1 vol. percent, and the selectivity' -

for producing gasoline (100X gasoline produced/con-
version) being 64.8. The octane number of the gaso-
line product was 96.0 (ASTM method D908-53).

Example 4

Example 1 was repeated using, as the catalyst, the
silica-alumina-chromia composition of Example 1 prior
to the steaming operation, i. e., the catalyst was identi-
cal to the catalyst of Example 1 except that it was not
contacted with steam prior to use.
oil of Example 1 under the same conditions as there used,
coke formation was excessive, the actual value being
6.2 wt, percent. Also, the olefinic contents of the C, (bu-
tane) fraction and the C; (propane) fraction were small,
the values being 36.4 vol. percent and 65.8 wt. percent,
respectively. The gasoline produced/conversion was
only 57.0.

When other catalysts within the limits above-defined
are used, and when other relatively high boiling petro-
leum fractions, especially those containing relatively large
amounts of compounds of metals known to be catalyst
poisons, are used results substantially equivalent to those
above-described are obtained.

The invention claimed is: :

1. Process for converting the hydrocarbons of a rel-
atively high boiling petroleum fraction to lower boiling
hydrocarbons which comprises contacting said high boil-
ing hydrocarbons, at a cracking temperature of from
450° C. to 540° C., with a catalytic composition pre-
pared by incorporating from 2.9% by weight to 11%

In cracking the gas :
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by weight of an oxide selected from the group consisting
of chromium oxide, vanadium oxide, molybdenum ox-
ide and tungsten oxide on a synthetic siliceous cracking
catalyst and subjecting the resulting composition to con-
tact with steam at a temperature of from about 600° C.
to 8060° C. for from about 1 hour to 8 hours, whereby
the hydrocarbons of the relatively high boiling petroleum
fraction are converted to lower boiling hydrocarbons.

2. Process for preparing gasoline from a relatively
high boiling petroleum fraction which comprises con-
tacting, under cracking conditions including a temperature
of from 450° C. to 540° C., a petroleum fraction boil-
ing within the range of from about 200° C. to about
500° C. with a catalytic composition prepared by de-
positing from 2.9% by weight to 11% by weight an oxide
selected from the group consisting of chromium oxide,
vanadium oxide, molybdenum oxide and tungsten oxide
on a synthetic siliceous cracking catalyst and subjecting
the resulting composition to contact with steam at a
temperature of from about 600° C. to 800° C. for from
about 1 hour to 8 hours, and separating a gasoline
fraction from the reaction mixture. :

3. Process according to claim 2 wherein the
oxide selected is chromium ozxide.

4. Process according to claim
oxide selected is vanadium oxide.

5. Process according to claim 2 wherein the
oxide selected is molybdenum oxide.

6. Process according to claim 2 wherein the
oxide selected is tungsten oxide.

7. A -mew catalytic composition for use in the con-
version of hydrocarbons prepared by incorporating from
2.9% by weight to 11% by weight of an oxide of a metal
selected from the group consisting of chromium oxide,
vanadium oxide, molybdenum oxide and tungsten oxide
with a synthetic siliceous cracking catalyst and contacting
the resulting composition with steam at a temperature
of from about 600° C. to 800° C. for from about 1 hour
to 8 hours.

8. A new catalytic composition according to claim 7
wherein the metal oxide selected is chromium oxide.

9. A new catalytic composition according to claim 7
wherein the metal oxide selected is vanadium oxide.

10. A new catalytic composition according to claim 7
wherein the metal oxide selected is tungsten oxide.

11. A new catalytic composition according to claim 7
wherein the metal oxide selected is molybdenum oxide.

12. A mew catalytic composition according to claim 7
wherein the synthetic siliceous cracking catalyst is a
synthetic silica-alumina cracking catalyst.

13. A new catalytic composition according to claim 7
wherein the synthetic siliceous cracking catalyst is a
synthetic silica-magnesia cracking catalyst.

14. A new catalytic composition according to claim 7
wherein the synthetic siliceous cracking catalyst is a syn-
thetic silica-zirconia cracking catalyst.

15. Process for the preparation of a catalytic compo-
sition which comprises depositing of 2.9% by weight to
11% by weight of a metal oxide selected from the group
consisting of chromium oxide, vanadium oxide, tungsten
oxide and molybdenum oxide on a synthetic silicecus
cracking catalyst, and contacting the resulting compo-
sition with steam at a temperature of from about 600°
C. to 800° C. for from about 1 hour to § hours.

16. Process according to claim 15 wherein said syn-
thetic siliceous cracking catalyst is a synthetic silica-alu-
mina cracking catalyst.

17. Process for the preparation of gasoline from a
petroleum fraction boiling in the range of from about
200° C. to about 500° C. having metal compounds as
impurities which comprises contacting said fraction, under
cracking conditions, with a catalytic composition pre-
pared by incorporating from 2.9% by weight to 11%
by weight of an oxide selected from the group consisting
of chromium oxide, vanadium oxide, molybdenum oxide

metal
2 wherein the metal
metal

metal
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and tungsten oxide on a synthetic siliceous cracking cata-
lyst and subjecting the resulting composition to contact
with steam at a temperature of from about 600° C. to
800° C. for from about 1 hour to 8 hours, and separat-
ing a gasoline fraction from the reaction mixture.

18. Process for the preparation of gasoline from a
petroleum fraction boiling in the range of from about
200° C. to about 500° C. having metal compounds as
impurities which comprises contacting said fraction, under
cracking conditions, with a catalytic composition pre-
pared by incorporating from 2.9% by weight to 11%
by weight of an oxide selected from the group consisting
of chromium oxide, vanadium oxide, molybdenum ox-
ide and tungsten oxide on a natural clay cracking catalyst

5

10

8
and subjecting the resulting composition to contact with
steam -at a temperature of from about 600° C. to 800°
C. for from about 1 hour to ‘8 hours, and separating a
gasoline fraction from the reaction mixture.
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