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- 1 Claim. (CL 208—12¢)

This invention relates to a catalytic composition effec-
tive in catalytic processes for converting hydrocarbons.
More particularly, this invention relates to new and
improved catalytic compositions, their preparation, and
to a process for converting hydrocarbons employing
the new catalyst wherein a specific hydrocarbon frac-
tion, boiling above the gasoline range, is converted to
gasoline of hlgh octane ratmg

The conversion of various petroleum hydrocarbon
fractions by processes such as cracking, reforming, hy-
droforming, and the like, using a variety of catalysts
and reaction conditions, has been described. Such here-
tofore described processes, however, are not suitable for
converting the hydrocarbon fraction boiling substantial-
ly within the range of from about 375° F. to 500° F.
to high octane gasoline in a single stage. Instead of
achieving a good yield of high octane gasoline, there is
produced gasoline hydrocarbons of relatively low octane
rating usually in low yields, the-production of normally
gaseous hydrocarbons, such as propanes and butanes, is
excessive, and the reduction of catalyst activity is rapid.
It has heretofore been necessary to employ at least two
stages to convert a petroleum -hydrocarbon fraction
boiling above the gasoline range, especially a2 fraction
boiling within the range of from about 375° F. to 500°
F., to high octane gasoline. Such processes usually in-
volve a cracking stage wherein a portion of the hydro-
carbons are converted to hydrocarbons boiling in the
gasoline ramge, and a reforming, or hydroforming,
stage to upgrade the octane rating of the gasoline. In
the upgrading stage, the use of two catalysts in separate
reactors with  a hydrocarbon separation' step between
the reactors, or the use of two catalysts in a single re-
actor, has heretofore commonly been required.

An -object. of this invention is to provide a new and
improved | catalytic composrtron effectlve for converting
hydrocarbons. - - :

-~ Another object is .to provide a process for convertlng
a hydrocarbon fraction boiling within the range of from
about 375° F. to 500° F. to high octane gasoline in a
single stage ‘and'in good ‘yield.

. A still further object is to provide a process for the
preparation:of ‘a new and improved catalyst.

‘Other .objects "and their achievement, in accordance
with the invention will be apparent”from' the followmg
spec1ﬁcat10n

General

A new c'atalytic, composition. has been discovered
which gives improved results in converting hydrocar-
bons. The new catalytic composition contains beryllinm
oxide, chromia, silica and alumina in defined quanti-
ties, as “hereinafter discussed. It has been found -that
this new - catalytic composition is especially effective in
converting relatively high boiling petroleum fractions,
e. g. a fraction boiling within the range of from: about
375° F. to 500°"F.,-to gasoline hydrocarbons of high
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octane number, and that the normally’ gaseous hydro- °

carbons produced in the process are remarkably high
in olefinic content, so that such normally gaseous hy-
drocarbons are especially suitable for subsequent proc-
essing in reactions such as polymerization and alkylation.

The reactions involved in the process of the inven-
tion are primarily the cracking of the relatively high
molecular weight hydrocarbons to hydrocarbons boiling
in the gasoline range, and the dehydrogenation of hy-
drocarbons to produce hydrocarbons of higher octane
number, such as the dehydrogenation of naphthenes to
Hence, the process of
the present invention is conveniently designated herein
as “dehydrocracking ” Other reactions, however, are
involved and assist in producing the high octane hydro—
carbons prepared by the process, such as the isomeriza-
tion of paraffins to produce more highly branched chain
paraffins of relatively high octane number, and cycliza-
tion followed by dehydrogenation to produce aromatics
from paraffins.

The new catalyst of the invention may be prepared
by a variety of means, the general techniques of which
are known in the art. However, a new method has been
discovered which gives an especrally effective catalyst.
This new method of preparation is described herein-
after.

It is of primary importance that the limits on the
ranges of components of the catalytic composmon be
observed as hereinafter discussed.

The catalyst

As above stated, the catalytic composition of the pres-
ent invention contains beryllium oxide, chromia, alu-
mina and silica. It is important that the weight percent,
based on the final composition, of each component be .
within the following ranges: beryllium oxide=0.2 to 7,
chromia=1 to 12, alumina=6 to 20, silica=61 to 93.

- When the quantlty of beryllium oxide in the catalytic
composition is below 0.2% by weight, a substantial loss
of octane rating 'of the gasoline hydrocarbons is ob-
served, whereas in quantities above 7% by weight, ex-
cessive coke formation on the catalyst is observed.
When the quantlty of chromia is below 1% by weight,
a substantial loss in octane number of the gasoline prod-
uct is observed, whereas at concentrations above 12%
by weight, conversion of higher boiling hydrocarbons to
hydrocarbons b0111ng within the gasoline range is low.
If the quantities of alumina or silica are varied from
the stated ranges, the conversion of the high molecular
weight hydrocarbons to hydrocarbons boiling in the gas-
oline range is adversely effected. - Accordingly, it is of
primary importance that the components of the catalytic
composition be within the stated ranges.

Preparation of catalyst

Although the catalytic compos1tlon of the present in-
vention may be prepared by various means, it is pre-
ferred to first prepare a synthetlc srhca-alumma com-
position, and to deposit the remaining components there-
on. Synthetic silica-alumina compositions are well
known as cracking catalysts, and heretofore described
methods for their preparation may be employed in pre-
paring the silica-alumina porticn of the present catalyst.
For example, the silica-alumina portion of the catalyst
may be prepared by impregnating silica with aluminum
salts, by directly combining precipitated hydrated alumina
and silica, or by joint precipitation of alumina and silica
from aqueous solutions of their salts, and by washing,
drying, and heating the resulting composition. The re-
sulting silica-alumina catalyst should have an activity
index of at least 30, and preferably from 40 to 350.
“Activity . index,” as used herein, is a nieasure of the
efficiency of a catalyst for cracking hydrocarbons and is
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deter_mined by a method described by Alexander, Pro-
ceedings Am. Pet. Inst. 27 (III) 51 (November 1947).

The remaining components in the catalytic composition
may be deposited on the silica-alumina composition by
means-known to the art. TImpregnation may be accom-
plished by using solutions of soluble compounds of the
metals and is advantageously performed by using aqueous
solutions of water soluble salts. Tmpregnation may be
with the beryllium salt followed by the chromium salt,
b.y the. chromium salt followed by the beryllium salt, or
simultaneously with the same aqueous solution. It is
preferred to first impregnate silica-alumina with an aque-
ous- solution of a water soluble beryllium salt, calcine
the impregnated composition in contact with an oxidizing
gas -at- a- temperature of from about 500° C. to about
750° C., impregnate the calcined composition with an
aqueous solutien- of a water soluble chrominvm com-
pound, and again calcine, in ‘contact with an oxidizing
gas, the impregnated composition at a temperature of

from about 500° C. te about 750° C., to prepare the 2

final- composition, since this procedure vields a catalyst
of: exceptionally high activity in producing gasoline hy-
drccarbons of high octane rating from higher boiling
hydrocarbons. )

Dehydrocracking

The reactions involved in the present process for con-
verting relatively high boiling petroleum. hydrocarbons
to gasoline hydrocarbons of high octane rating are pri-
marily dehydrogenation and cracking, and hence the
overall process is conveniently designated. as “dehydro-
cracking.” The gasoline product preferably. contains
only hydrocarbons having a molecular weight lower than
the hydrocarbons of the charge stock, and hence includes
only the hydrocarbons. which have been cracked in the
process. .

. As above stated, the new catalytic composition of the
_invention is especially. suitable for dehydrocracking hy-
drocarbon fractions boiling in the range of from 375° F.
to 500° F. Accordingly, the use of the present catalyst
will be described in terms of . this preferred embodiment.

Especially suitable charge. stocks are straight-run frac-
tions having a naphthene content of at least 10%, and
preferably above 30%, say: from:about 30% to.75%
by volume. Other fractions such as those obtained from:
catalytic cracking, and recycle gas oils in.general, may
be used. :
- In the process, temperatures within the range of from!
450° C. to 540° C. give good results and with the pre-
ferred hydrocarbon charge stock must be.observed in
orfler to obtain suitable conversion without excessive
coke formation. The pressure is preferably maintained
at about -atmospheric pressure, but superatmospheric
pressure up {0 about 100 p, s. i. g can be-used if desired.
The space velocity must be maintained within the range:
of from about 0.5 to 3.
velocity of from 0.8 to 1.5 since within this range there is
obtained a high gasoline yield of high octane mumber.
By “space velocity,” as used herein, is meant the liquid
hourly space velocity, which is -the liquid volume of
hydrocarbons charged per volume of catalyst per hour.

In carrying out the process of the invention, it is pre-
ferred to pass the hydrocarbon charge through a bed
of‘ catalyst under the above conditions. By such oper-
ation the activity of the catalyst is gradually decreased,
principally due to ‘the deposition of carbonaceous ma-
terials thereon. Periodic regeneration. of the catalyst,:
such as by discontinuing the operation, flushing the cat-
alyst bed with an inert gas such as steam, flue gas, nitro-
gen, or the like, and burning off the carbonaceous ma-
terials- by passing an oxygen containing gas, such as air,

through the hot catalyst bed, is advantageously employed.:

Regeneration is generally advantageously employed at:
intervals of fr_om about 10 minutes to 2 hours, depending
upon the particular operation and reaction variables being
used.

It is preferred to employ a space, *
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Hydrogen preferably is not employed in the process,
but a small partial pressure thereof is not deleterious. In
some other uses of the present catalyst, however, an at-
mosphere of hydrogen is advantageous, especially where
cperation is at superatmospheric. pressure. ’

Example

In order to illustrate a preferred catalytic composition
of the inventicn and its use in dehydrocracking, a catalytic
composition, in accordance with the invention, was pre-
pared as follows, in which “parts” refers to parts by
weight:

355 parts of a synthetic silica-alumina cracking catalyst
prepared by coprecipitation containing about 13% by
weight alumina and having an activity index of about
46, was impregnated with_an aqueous solution containing
about 92.3 parts of beryllium nitrate trihydrate. A
small amount of excess liquid was drained from the com-
position. The impregnating composition was dried for
about 16 hours at.97° C. and caleined at about 504°° C.
for 2 hours, The calcined composition. was. ccoled and
impregnated with an aquecus solution containing about
25.8 parts of ammonium dichromate. A small amount
of excess liquid was drained from the composition. The
impregnated composition was again dried, as described
above, and calcined at a temperature of about 650° C.
for about 1. hour, a stream of air being passed through
the catalyst during the calcination. - The resulting com-
position constitutes a preferred. catalytic composition in
accordance with the invention and contained in parts by
weight, 2.6 parts beryllium oxide, 3.7 parts chromia, 12.2
parts.alumina and 81.5 parts silica.

In order to illustrate the efficacy of this new catalytic
composition for converting hydrocarbon; fractions ‘boiling
in the range of from 375° F. to 500° F..to high octane
gasoline hydrocarbons, a straight-run petroleum hydro-
carbon fraction boiling in the range of from about 375°
F. to 460° F., and having an aromatic content of about
13% by volume and a naphthene content of ‘about-50%
by volume, was contacted therewith. The following con-
ditions were employed during the contacting: temperature
of catalyst=520° C., space velocity=0.97, pressure==at-
mospheric. The catalyst bed was:regenerated after opera-
tion for 20 minutes by burning carbonaceous' materials
therefrom with a stream of air-as above described. Prod-
ucts were collected over. 14 cycles of operation and regen-
eration.

A vyield of gasoline:hydrocarbons; i. e:, hydrocarbons
from pentane to those boiling-at 350? F. of 23.8% by
volume was- obtained. ‘There were also obtained 6.2%
by volume percent hydrocarbens-having 4 ‘carbon atoms
and 2.15% by weight of hydrocarbons having -3'carbon
atoms. The bottoms fractions; i. €, hydrocarbons boiling
over 350° F. constituted 61.9% by volume of the charge.
Where desired, a gasoline fraction having.a: higher end
point can be separated from the reaction mixture. there-
by increasing the observed yield of gasoline. However,
it is preferred to maintain the boiling range of the gaso-
line product below the boiling range. of the charge stock.

The gasoline fraction had an:octane number of 99
(ASTM Method - D908-53) and an aromatic:content of
60% by volume. The hydrocarbons having 3 carbon
atoms contained 78.2% by weight propylene and.the
hydrocarbons containing 4 carbon atoms contained
55.3% by weight olefins, principally isobutylene.

If the above example is repeated using, as the catalyst,
silica-alumina composition on, which was deposited beryl-
lium oxide.and chromia in the above example, the octane
number of the gasoline-product is substantially lower -and
the olefinic content of the normally gaseous hydrocarbons
is:lower. For example, in a-comparable procedure using

- the silica-alumina composition as‘the catalyst, the olefinic

content of the butane fraction was found to be only 30.5%
by weight, as compared. to 57.9% by -weight obtained
in the above example.
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The foregoing example illustrates a preferred embodi-
ment of the invention, including a preferred catalytic
composition and its preferred use in dehydrocracking a
refractory, relatively high boiling hydrocarbon fraction
to gasoline having a remarkably high octane number in
good yield. The catalyst is also effective to dehydro-
crack other relatively high boiling fractions, such as gas
oils boiling from about 400° F. to 750° F. or higher, to
gasoline.

When other catalytic compositions within the scope of
the present invention are employed, substantially equiv-
alent results are obtained, and when other operating
conditions are employed within the ranges herein de-
scribed, substantially equivalent results are obteined. The
process may also be operated batchwise or as a moving
bed or fluidized process by maintaining the reaction con-
ditions equivalent to those herein described.

The catalyst of the invention can be used in other
reactions involving the conversion of hydrocarbons, such
as destructive hydrogenation using elevated pressures in
an atmosphere of hydrogen, reforming, and the like, in
which catalytic conversion conditions known to be effec-
tive in such processes give good resulis,
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The invention claimed is:

Process of cracking which comprises contacting a
straight run petroleum hydrocarbon fraction boiling in
the range of from 375° F. to 500° F. with a catalyst con-
sisting essentially of from 61 to 93% by weight silica,
from 6 to 20% by weight alumina, from 1 to 12% by
weight chromium oxide and from 0.2 to 7% by weight
beryllium oxide at a temperature within the range of 450°
C. to 540° C., a space velocity of from 0.5 to 3 and at
substantially atmospheric pressure, and recovering gaso-
line of high octane rating from the reaction mixture.
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