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Carlos L. Guizeit, Woodbury, and William H. Lang,
Wenonah, N, J., assignors to Socony Mobil Oil Com-
pany, Inc., a corporation of New York

Application September 30, 1953, Serial No. 383,163
6 Claims, (Cl. 252—437)

This invention relates to an improved catalytic reform-
ing process for obtaining gasoline of high octane num-
ber. More particularly, the present invention is directed
to catalytic reforming carried out in the presence of a
catalyst consisting essentially of a cogelled chromia-
alumina composite of particularly defined composition
impregnated with a specified amount of phosphorous
pentoxide and to a process for preparing such catalyst.

Reforming operations, wherein saturated gasoline frac-
tions comprising straight run gasolines, natural gasolines,
etc., are treated to improve the anti-knock characteristics
thereof, are well known in the petroleum industry.
Straight run gasolines generally contain naphthenic hy-
drocarbons, particularly cyclohexane compounds and
paraffinic hydrocarbons, which are usually of straight
chain or slightly branch chain structure, as well as vary-
ing proportions of aromatic hydrocarbons. During re-
forming, a multitude of reactions take place, including
isomerization, dehydrogenation, cyclization, etc., to yield
a product of increased aromatic content. Thus, in re-
forming, it is desired to dehydrogenate the naphthenic
hydrocarbons to produce aromatics, to cyclize the straight
‘chain paraffinic hydrocarbons to form aromatics, and to
effect a controlled type of cracking which is selective both
in quality and quantity.

Controlled or selective cracking is highly desirable dur-
ing reforming since such will result in a product of im-
proved anti-knock characteristics. As a general rule, the
lower molecular weight hydrocarbons exhibit a higher oc-
tane number, and a gasoline product of lower average mo-
lecular weight will usually have a higher octane number.
In addition, the isomerization and molecular rearrange-
ment which occurs during reforming also results in prod-
ucts having higher anti-knock characteristics. The split-
ting or cracking of carbon to carbon linkages must, how-
ever, be selective and should be such as not to result in
substantial decomposition of normally liquid hydrocarbon
into normally gaseous hydrocarbon. The selective crack-
ing desired ordinarily involves removal of one or two
lower alkyl groups such as methyl or ethyl from a given
‘molecule in the form of methane or ethane. Thus, dur-
ing reforming, it is contemplated that heptane may be
converted to hexane, nonane to octane or heptane, etc.
‘Uncontrolled cracking, on the other hand, would result
in decomposition of normally liquid hydrocarbons into
-normally gaseous hydrocarbons. For example, non-
selective cracking of normal octane would ultimately lead
to eight molecules of methane.

Uncontrolled reforming, moreover, generally results in
rapid formation and deposition on the catalyst of large
.quantities of a carbonaceous material generally referred
to as “coke.” The deposition of coke on the catalyst sur-
face diminishes or destroys its catalyzing effect and results
in shorter processing periods with the accompanying neces-
-sity of frequent regeneration by burning the coke there-
from. In those instances where the activity of the catalyst
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is destroyed, it is necessary to shut down the unit, remove
the deactivated catalyst, and replace it with new catalyst.
Such practice obviously is time-consuming and inefficient,
imparting a greater overall expense to the reforming op-
eration.

The choice of catalyst for promoting reforming of hy-
drocarbons to gasolines of enhanced octane rating is de-
pendent on several factors. Such catalyst should de-
sirably be capable of effecting reforming in a controlled
and selective manner as discussed above to yield a prod-
uct of improved anti-knock characteristics. The catalyst
selected should, further, be resistant to poisoning and
particularly to sulfur poisoning so that sulfur-containing
stocks may undergo reforming without the necessity of
subjecting the same to a preliminary treatment for de-
sulfurization. The catalyst should also desirably be
characterized by high stability and be capable of easy re-
generation, and the method for preparing such catalyst
should be commercially attractive, requiring a minimum of
equipment and processing stages.

In accordance with the present invention, a catalyst
of the above-defined characteristics has been discovered.
Broadly, the present invention comprises reforming a
naphtha fraction of petroleum in the presence of a catalyst

5 consisting essentially of cogelled chromia and alumina im-

pregnated with a minor proportion of phosphorous pent-
oxide. The invention further comprises an improved
catalytic composition and a method for preparing the
same.

It has heretofore been proposed to employ composites
containing the oxides of chromium and aluminum as cata-
Iysts for various reactions. - Several methods for preparing
such catalysts have been proposed, including impregna-
tion of an alumina support with suitable chromium com-
pounds and co-precipitation of solutions containing salts
of chromium and aluminum. The difficulties encountered
in the former method are well known in that a completely
homogeneous, active surface is seldom obtained even
when tedious methods are used. The latter technique,
while overcoming this difficulty, is even more involved
and requires extremely close control of pH and other
variables to assure satisfactory results. Chromia-alumina
composites, heretofore recommended as reforming cata-
lysts, have been found to be characterized by a certain
amount of instability, as indicated by the loss of surface
area during use. Catalysts of the present invention, con-
sisting essentially of cogelled chromia and alumina im-
pregrated with P20s, have been found to have an improved
thermal stability, i. e., ability to resist loss of surface
area upon aging in comparison with the aforesaid chromia-
alumina composites.

The method of reforming naphtha fractions of pe-
troleum in the presence of a cogelled chromia-alumina
composite impregnated with P20s as described herein has
been found to have certain advantages over the processes
commercially available. The advantages obtained upon
reforming with the present catalyst, while not fully under-
stood, are believed to result from the method of prepara-
tion of the catalyst employed.  The instant method of
catalyst preparation involves the formation of a hydrogel
of chromia and alumina preferably containing a chromia-
alumina content of at least 10 percent by weight and
thereafter impregnating either the washed hydrogel or the
dried and/or tempered material with a solution of a water-
soluble phosphate. The acidity of the phosphate im-
pregnating solution should not be such as to detrimentally
affect the hydrogel or gel structure. Thus, strongly acid
impregnating solutions should be avoided. Mildly acidic
impregnating solutions may be tolerated. Preferably, the
phosphate impregnating solution is neutral or slightly
alkaline. For example, a slightly ammoniacal solution
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of- ammenium-phosphate-has-been- found-to-provide-an..

effective impregnating solutien. The concentration of the
water-soluble phosphate compound in the impregnating
solition -may be varied,’ depending-upon the:catalyst«com-
position désired.” The phosphiate: may:: be-added: by im-
pregnation ‘of either-the chromiatalumina-hydrogel or the
dfied’ or caléined chromis-alumina-gel: Sufficient:solu-
tion is used so that the particles of chromia-alumina
hydrogel’ or: gel’ may- be complétely- impregnated: The
hydrogel orsgel particles are permitted to remain in contact
with-the-imprégnating-solution fér:a predétermined period
of time-which is sufficient ‘to :permit- the:solution to"im-
pregnate- the hydrogel or-gel: Aftér: completion- of ‘the
impregnation, the:catalyst-is remioved:and- slowly: heated
to anselévated: témperature: not exceeding.about: 1000° F.
Diuring: this-heating treatment, it i$ desirablé that the at-
mosphere: surrounding: the’ material - be- free of “oxygen.
Such:an: atmosphere-is:provided in a: preferred ‘embodi-
mientof the-invention by heating:the impregnated:catalyst
i an' atmosphere-of hydrogen.. The impregnated dried
catalyst, ‘consisting” essentially ‘ofi a:cogel of alumina and
chromia: impregnated ! with: phosphorous: pentoxide; is
thereafter ready for use.

Composites consisting of a majer proportion of ‘alumina,
aminér proportion of chromia; and a minor proportion of
phosphiorous pentoxide are suitably prepared-by the meth-
odiofthe invention. Catalysts having a.composition of 20
1040 percent by weight of chromia, 50 to-80 percent-by
weight of aliimina, and 0.2 to.10 percent: by weight: of
phosphiorous pentoxide are unusually. effective for promot-
ing reforming operations:in: which a:petroleum naphtha
is subjected to conversion to produce a reformed gasoline
of improved anti-knock: characteristics: = Catalysts having
phosphorous-pentoxide concentration in. the -range of 2
t0°5 percent are particularly. preferredin the: present:inven-
tion:  Thus, a-composite having'a composition. in the
range’ of 25" to 35 percent chromia, 60 to 73 percent
alamina, and 2 to-5:percent: phosphorous:pentoxide, in
which.chromia and :alumina in the form of a cogel are im-

pregnated: with phosphorous. pentoxide, represents. a: pre-:

ferred ‘embodiment of the invention.

The: method of: the invention provides a simple but
highly. effective procedure for. preparation of: the. catalyst.
The:cogel of chromia-alumina is-a.true: gel prepared: by
forming-a. hydrosol of chromia. and alumina, permitting
said hydrosol:to-set ta-a hydrogel; and:thereafter. drying
the-hydrogel.  If: desired; the hydrogel may be: impreg-
nated before drying. The hydrogel or:gel is suitably, but
not: necessarily, in-particle form. prior to- impregnation.
THe -particles may be-of irregular size such as those pro-
duced by:breaking. up a: previously. set dried. gel; or the
particles: may. be: in- the-form of extruded or pressed -pel-
lets; Preferably,. however, the alumina-chromia: hydro-
gel or gel particles are in the form of spheroids: prepared
by introducing-the-hydrosol in the. form-of. glebules into a
water-immiscible medium wherein: the- hydrosol globules
set to-sphercidal hydrogel particles. It is particularly
preferred - to_prepare ‘a cogelled. catalytic . composite. of
chromia and: alumina: from-a hydrosol having- an inor-
ganic-oxide content of at least about 10 percent- by weight
in- accordance: with the: process- described in- co-pending
application Serial:No. 201,537, filed December- 14, 1950,
by: William. A. Stover -and - Robert- C. Wilson, Jr.* Such
process has been set forth-in: detail in_the aforementioned

patent. For. convenience herein, the following.is offered ¢

asia‘brief descrintion of said-process.

- Avtrue:chromia-alumina hydrogel having:a metal oxide
product concentration of at least about. 10 percent by
weight and a relatively short gelation time; i. e., less than

2-hours: and preférably: less than 60-seconds, is prepared 7

by intimately admixing an organic chremium salt, such as
chromic acetate, and- an. alkali- metal aluminate, such as
sodium aluminate.to-produce a.chromiza-alumina hydrosol.
The:hydrosol:so-formed: is- permitted .to set. to:a hydrogel.
The resulting hydrogel is thereafter subjected to aging
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and then water-washed, dried, and calcined to_yield a.catas -
lytic chromia-alumina gel composite.. The relative pro-
portions of chromia and alumina may be varied over a
wide range but ordinarily alumina is present in major pro-
portion and chromia in.minor. proportion.. Generally,
the. composite contains a chromium oxide content in the
range.of 20:to: 40 weight percent and an alumina .content in
the-range-of 60 to 80 weight percent. A particularly pre-
ferred composition is one containing approximately- 30
to 35 weight percent chromic oxide and.approximately
65 to 70 weight percent aluminum oxide... '

It is preferred to use aqueons;solutions of sodium-alumi-
nate and chromium acetate for preparation. of the above-
described” hydrogels: - Neither of these “substances: is a
true chemical compound: The ratio of sodium to alumi-
num can be varied widely as can the ratio of acetate to
chromium ion. Variation in the sodium to aluminum
ratio of the aluminate solution requires compensating ad-
justment-of:the-acetate: to chromium: ratio-of the :second
solution in ordersto-achieve satisfactory-gelation, Hydro-
sols:capable:of setting - to hydrogels: in lessithan-about. 20
seconds. are: particularly. desirable for- the: production. of
Bead:like spheroidal iparticles: by. methods: well:known:in
the art; for-example, those describedin patents-to Marisic,
suchras:U:S. Patent No. 2,384,946: Quick setting:hydro-
sols: of! low: viscosity- which: can- be; readily: handled:- at

‘bead-forming . nozzles: are: those: prepared: from: sodium

aluminate : solutions: which: have: a: sodium. to. aluminum
molératio, referred- to:as: “Ri” of between. 1: and 1.5.
The-acetate:to chromium mole ratio in the.chromic acetate
solution:employed:should;be not:less: than . 2.8:R~1;§ :and
not more-than-4 R=2:4; and:preferably: in the: range: of
4R+2:8 to-4 R-2:4: . C
The controliof the mole ratios discussed above.is readily:

-achieved<in the: manufacture: of the -reactant. solutions.

Ghromiumsacetate-is readily.formed ‘without introduction
of‘undesirable: extraneous: materials: by reducing. sodium
dichromate: with: glycolic' acid: in- the: presence: of. acetic -
acidlas-described imore fully-in U. S 2,615;031.

Sodium aluminate:is;conveniently prepared from:caustic
sodaof :50% Bé..and:aluminum trihydrate.. At-a:sodium
to-aluminum mole ratio in-the range1.2571t0:1.5/1, the
sodium aluminate is advantageously. manufactured.in: an
open; agitated Kettle at 220°°F. to 230 F,, with a reaction
time-of: 1"to:3-hours.  Solutions having a lower mole:ratio
downto about;1.0/1.are made in.an autoclave:at 2407 E.
to:300° K. and 10 to-30 pounds:per square inch.gage-at-the
same reaction time: - Sodium aluminate solutions having.a
low. sodium:to aluminum ratic of less than 1.3.are rela-
tively ‘unstable and:may be stabilized by the addition of
such' organic materials: as. glycerine, starch,. sugar,.and
thelike.

Thus, chromia-alumina. hydrogels having a short time
of set:and: a-high: solids content: generally. between about
10:and-about 30 percent by weight: may. readily..be- pre-
pared by:controlling the sodium._to-aluminum mole ratio
of the soditm:aluminate: solution-employed-and the acetate
to chromium mole ratio.of the: chromic- acetate: solution.
The specific ratios:employed. will be dependent upon:the
particular: composition- of the chromia-alumina hydrogel
desired: . :

Temperature, acidity; and product concentration. are
inter-related . variables effecting gelation, and within: the
limits.in. which formation: of hydrogels occurs, they con-
trol gelation time. In general, the other factors cam. be
controlled to achieve gelation: at- any practical: solution
temperature. Thus, temperatures- from 30° E: to 130°
T are suitable: Best gelation times have been experienced
at'temperatures between about'120* F. and-about 140> F.
The pH of the chromia-alumina hydrogels is generally- be-
tween 10'and 13." For bead formation, a pH of about 12
has been found to vield.excellent results. .

For the production of chromia-alumina hydrogel
beads, preparation is carried out substantially- the same



2,778,887

5
-as that described in the above-noted Marisic patent for
producing silica-alumina beads. Thus, a chromic acetate
solution and a sodium aluminate solution are contacted
in a mixing nozzle and discharged onto the apex of a

dividing cone from which a number of small streams flow

into a column of water-immiscible liquid. The tempera-
ture of said water-immiscible liquid is desirably main-
tained at a constant temperature by circulation through a
heat exchanger outside the bead forming tower.

The freshly formed chromia-alumina hydrogel above-
described is subject to a loss of aluminum as sodium
aluminate if immediately washed with water, This tends
to weaken the hydrogel to such an extent that it disinte-
grates in the wash water, That adverse effect can be
avoided by immediately treating the freshly formed hy-
drogel in a slightly alkaline aqueous medium. This is
generally accomplished by bringing the freshly formed
chromia-alumina hydrogel into contact with an aqueous
-solution of an ammonium salt of a mineral acid, or a
mineral acid, or a mixture of such salt and acid. In a
typical operation, the freshly formed hydrogel beads are
sluiced out of the forming tower with oil. The hydrogel
beads are then separated from the oil and treated with a
20 percent by weight solution of ammonium sulfate. The
solution is advaniageously kept at a pH of 6.0 by the
addition of sulfuric acid. It is advisable to maintain
a solution of this type in contact with the freshly formed
hydroge!l for some time after formation. For example,
the solution is re-circulated through the freshly formed
-hydrogel or otherwise maintained. in contact therewith
for a period of from about 2 to about 24 hours after
-forming in order to fix the alumina. Thereafter, the
solution may be maintained in contact with the hydrogel
for an additional period of about 2 to 24 hours without
PH control. During this latter period, the pH of the
aging solution may rise from 6.0 to 9.0-9.5. Such treat-
ment of the freshly formed hydrogel is designated here-
in as “aging.”

After aging treatment, the chromia-alumina hydrogel
is washed free of anions introduced during aging. The
"washed hydrogel can be satisfactorily dried in either
‘superheated steam or air. The hydrogel so dried has
been tempered in an atmosphere of hydrogen, nitrogen,
carbon dioxide, carbon monoxide, steam, and air. The
use of mixtures containing oxygen results in the produc-
‘tion of a gel of low mechanical strength. The chromia-
alumina gel should, accordingly, be tempered in an inert
or reducing atmosphere, ) ) )

In accordance with the process of the present inven-
tion, it has been found that the heat stability of the
chromia-alumina gel catalyst described above for pro-
moting reforming is markedly increased by bringing the
‘chromia-alumina hydrogel after the alumina content has
“been fixed by the aforementioned aging procedure into
contact with a solution of a phosphorous compound de-
composable upon heating into phosphorous pentoxide,

thereafter removing. the hydrogel from said solution.and -

heating to yield a resultant chromia-alumina gel im-
‘pregnated with a minor proportion of P2Os. In general,
the chromia-alumina hydrogel may be brought into con-
tact with the impregnating solution of phosphorous com-
pound at any time subsequent to the above-described
-aging and washing steps. Thus, the hydrogel, after aging
and washing, but before drying, may be contacted with
the impregnating solution and the resultant composite
_dried and heated to a temperature sufficient to effect de-
composition of the phosphorous compound to phos-
phorous pentoxide, or the dried hydrogel, i. e., gel, may
be brought into contact with the impregnating solution
and thereafter dried and calcined. Alternatively, the
-calcined chromia-alumina gel may be impregnated with
a soluble phosphate compound and thereafter dried and
‘heated to a temperature sufficient to convert such phos-

phate. compound to phosphorous pentoxide.
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Contact of the chromia-alumina composite with the
impregnating solution should, in accordance with the in-
stant invention, be maintained for a sufficient period of
time to effect the deposition of a small amount of phos-
phorous compound on the surface of the composite. The
critical factor in this step is the amount of phosphorous
compound incorporated. If either too much or too little
phosphorous compound is incorporated, the resulting cat-
alyst does not have the improved characteristics of the
catalyst prepared by the method of the invention. The
amount of phosphorous compound employed in this step
is dependent upon the concentration of phosphorous
pentoxide which it is desired to incorporate by impregna-
tion in the finished catalyst and is adjusted by controlling
the concentration of phosphorous compound in solution
or the amount of the impregnating solution such that
when the specified amount of phosphorous compound is
incorporated, the ultimate catalyst contains the final
amount of phosphorous pentoxide which it is desired to
deposit by impregnation. It has been found that the con-
centration of phosphorous pentoxide impregnated on
the chromia-alumina cogelled catalyst in accordance with
the process of the invention should desirably be between
about 0.2 and about 10 percent by weight, and prefer-
ably between about 2 and about 5§ percent by weight of
the original catalyst. Amounts smaller than about 0.2
percent P20s have not been found to appreciably in-
crease the thermal stability of the chromia-alumina
cogelled catalyst, while large amounts in excess of about
10 percent P;Os impregnated on the catalyst surface have
been found to unduly increase the extent of coke forma-
tion as the catalyst ages.

The chromia-alumina composite, i. e., the aged hydro-
gel or gel derived therefrom, is thus impregnated with a
solution of a soluble phosphorous compound, which com-
pound may be converted to phosphorous pentoxide by
heating. While aqueous solutions are to be preferred for
practical reasons, other solutions, such as alcoholic solu-
tions or ammoniacal solutions may be used. A con-
centrated solution of just sufficient volume to wet the
chromia-alumina composite may be used or a large vol-
ume of a more dilute solution may be used. An impor-
tant factor in the impregnation of calcined chromia-alu-
mina gel is the presence of soluble chromate ions on the
catalyst surface. If a large volume of dilute solution

_is used for impregnation, sufficient chromium may be

removed from the spent solution to lower the activity of
the base catalyst. Accordingly, it is preferred, when im-
pregnating the dried or calcined chromia-alumina gel,
to subject the same to a preliminary treatment with hy-
drogen to anchor the chromium before such gel is brought
into contact with the impregnating solution. FExcess solu-
tion may be drained from the chromia-alumina composite
or it may be evaporated in the presence of such com-
posite to increase the amount of composite impregnated.
The impregnation may be carried out under vacuum or
under pressure or under a combination of vacuum and
pressure. When the composite is a dry gel, it is preferred
to evacuate the pores thereof before impregnation in or-
der to avoid shattering of the gel when the same is brought
into contact with aqueous impregnating solution. If; due
to the solubility of the phosphorous compound, it is not
possible to incorporate the desired amount of compound
in one impregnation, the composite may be dried after
the first impregnation and the impregnation repeated until
the desired amount of compound is incorporated. While
soluble phosphorous compounds capable of conversion to
phosphorous pentoxide by heating may generally be used
for effecting impregnation, providing the acidity thereof
is not such as to adversely affect the gel structure, it is
preferred to employ slightly alkaline compounds of phos-
phorous, Thus, compounds, such as diammonium hy-
drogen phosphate, ammonium phosphate, and ammonium
dihydrogen phosphate are easily decomposed by heating
at moderate temperatures to yield phosphorous pentoxide.
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For impregnation-of the-wet'hiydrogel, the use of‘a-strong-

1y acjd:impregnating solution: should: be-avoided* in- order
not to injure the catalyst strncture. However, mildly
acidic impregnating solutions; i. e:, those having a pH
not less than about 6, may- be- used: for-impregnation of
the dried or calcined'chromia-alumina- catalyst:

The: impregnation may‘be -carried out either-as a- batch
or contifuous operation: Thus; the chromia-alumina hy-
drogel, after aging-and-washing, may be-permitted‘to soak
in- the impregnating solution- under substantially static

. conditions for the requisite-time, or the cliromia-alumina
gel composite-in the form of-spheroidal globules or parti-
cles- of other desired'shape-may-be passed-through a bath
of’ the impregnating solution -or; alternatively, the im-
pregnating medium may be: circulated- through- a sta-

. tionary- bed- of the: hydrogel:or gel particles. Likewise,
contact: between the impregnating solittion and the hy-
drogel: or gel particles' may be accomplished by counter-
current” passage: thereof through an elongated treating
zong,

After the chromia-alumina composite has been im-
pregnated with a ‘suitable amount of a soluble phos-
phorous  compound- decomposable to phosphorous: pent-
oxide. by heating; the impregnated composite is-dried and
then- calcined: . The calcination is carried’ out to convert
a phosphorous compound to phosphorous’ pentoxide.
The minimum calcination temperature is the temperature
of decomposition of the impregnating compound. Usual-
" ly, temperatures’ somewhat" above the minimum decom-
position: temperature are preferred. . On the other hand,
very high temperatures- cause sintering and- are to' be
avoided, The rate of heating should. be comparatively
slow; generally not in excess-of 10° F. per minute. Where
spheroidal particles are being treated, the rate of heat-
ing-should ordinarily not exceed about 4° F. per minute.
Temperatures in the range of 300° F. to 1000° F. are
quite suitable in nearly all cases, but' somewhat lower
temperatures- may- be applied in some. cases and higher
temperatures- up to about' 1400° F. may be employed
if desired: During- this' heating treatment; it is desir-
able that the atmosphere surrounding the composite be
free of oxygen. It is-particularly feasible, although not
esseniial, to flush the, chromia-alumina composite with
& reducing ‘gas-such as hydrogen during the calcination
to-avoid chromate formation during the initial heat treat-
‘ment. This is especially desired for composites, the struc-
ture - of which has not been set by previous. calcination,
such as hydrogels in the: wet or dry state; The calcina-
tion- is usually’ continued” until' the impregnated. phos-
‘phorous compound is completely decomposed but is dis-
continued’ before sintering occurs.  The finishied catalyst
is.a chromia-alumina gel impregnated with an activating
amount of phosphorous pentoxide. While. certain de-
tails referred to in the foregoing description have been
directed to the-formation of ‘the hydrogel in the form of
chromia-alumina gel beads; it is to be realized that the
treating procedure of this.invention may be practiced
upon chromia-alumina cogelled composites of any other
desired ‘form or-shape. . The following non-limiting illus-
trative- examples ‘will serve to; more specifically point out
the catalyst and:process of the invention.and the im-
proved: results-in thermal stability obtained with the cat-
alyst prepared- in' accordance with said process:

Example 1

A chromia-alumina hydrogel: was: prepared: from the
following reactants:

Solution A.~Diluted sodium_aluminate-containing-ap-
proximately 18.3 percent:AlaOs, 14.4- percent-Na20, and
67.3" percent. HsO. .

Solution. B.—Diluted .chromic. acetate: prepared: by re-
duction of sodiuim -chiromate. with glycolic:acid and con-
taining approximately. 26.0. percent: Cr(CHzCQO)s, 1.4
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percent Cr(OH)3, 2:3 percent CHsCOONa, 5:5 percent
(COONa)s, 0:6°percent HCOONa; 0.8 percent:

CH:OHCOONa

and 63.4 percent Hz0. :
Solutions. A and B were pumped: separately under pres-
sure to.an efficient mixing nozzle. - The solutions were
heated to: 120-125° F. and mixed. in equal volumes: at
a rate of-1:06.gallons per minute. - The resulting stream
of: Hydrosol. flowed. over-a divider. into" a -column: of! oil.
The hydrosol set to beads.of hydrogel and the resulting
hydrogel beads were- sluiced from the bottom of: the
forming tower in.a stream of oil:. After. separating oil
from the. hydrogel. beads, the latter were aged in.a. 20
percent by weight aqueous solution of ammonium: sul-
fate. Since the pH of the aging solution: rises as it flows
through the fresh hydrogel beads, sulfuric acid was: added
in sufficient amount to maintain a pH of about:6.0. The

‘bead. hydrogel was:aged. in this. solution: for 24- hours,

after which. it: was allowed to age an additional 8 hours -
without. pH - control.. During. this latter- period, the-pH
of: the aging solution:Tose from:about. 6:0. to about 9.5.
After aging, the hydrogel was washed: until-a sulfate-free
wash. water was indicated; The- washed. hydrogel had.a
product. concentration. of 18.3 percent: by- weight. The
hydrogel was thereafter dried: in 100" percent  steam-at
230-235° F. for. 7: hours,. then gradually raised' to'350°
F: over a.period of about: 2 hours, and-then tempered
by heating in.a.closed vessel to 1100° F. at the rate of
215° F. per minute.. The resulting beads  of gel con-
tained.24 mole percent.Cr203:and 76.mole percent Al203,
This- catalyst is representative of that produced by the
aforementioned. process: of Stover and: Wilson: and may
be. considered as.a blank for. comparison. with. the cat-
alysts which. have undergone. treatment in accordance
with the present process.

Example 2

A chromia-alumina hydrogel, prepared as in Example 1,
was treated, after aging and washing; with an aqueous
solution containing enough diammonium -hydrogen phos-
phate so that the phosphate ions, upon complete: absorp-
tion, produced 1.5 percent by weight P20s after calcina-
tion. After allowing the hydrogel to soak for about 16
hours, the hydrogel particles were removed, drained, and
washed slightly to remove- adhering. solution. =Analyses
of the drained liquid showed substantially. complete re-
moval of the phosphate ions and no. extraction of chromi-
um, The wet impregnated particles were dried at 175°
F. in a closed vessel, thereby providing a water-saturated
atmosphere during the early drying stage and preserving
a maximum proportion of whole gel particles, The par-
tially dry particles were then heated .to 1000° F. in.a hy-
drogen atmosphere over. a-4-hour period and then main-
tained at 1000° F. in hydrogen.for 12 hours.

Example 3

The chromia-alumina hydrogel of Example 1 was im-
pregnated*with 2.0 percent P305 by the procedure of Ex-
ample-2.

Example 4

The chromia-alumina-hydrogel of Example 1 was.im-
pregnated with 3.0 percent-P2Os by the:procedure. of Ex-
ample 2.. .

Example 5.

The chromia-alumina- hydrogel of Examplé 1 'was im-
pregnated with- 5:0 percent-P205 by the procedure of ‘Ex-
ample-2. '

Example 6

A chromia-alumina gel, prepared as.in Example 1, was
treated " after aging, washing, drying, and calcining, with
an aqueous solution of diammonium hydrogen phesphate
dissolved in- just enough water to completely cover. the
gel particles: and’ to. form 0.6  percent by weight PaOs
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upon ignition. After allowing to stand 16 hours, the im-
pregnated gel particles were drained and dried in air about
16 hours at about 180° F. and then calcined in a hydro-
gen atmosphere at 1000° F. for 12 hours.

Example 7

Chromia-alumina gel particles, prepared as in Example
1, were impregnated with 1.9 percent P20s by the pro-
cedure of Example 6.

Example 8

Chromia-alumina gel particles, prepared as in Example
1, were impregnated with 3.1 percent P20s by the pro-
cedure of Example 6.

Exarmple 9

A chromia-alumina gel, prepared as in Example 1, was
treated, after aging, washing, drying, and calcining, with
hydrogen for 12 hours to fix the chromium. The reduced
calcined chromia-alumina gel was then brought into con-
tact with an ammoniacal solution containing sufficient am-
monium phesphate to form 2.5 percent by weight P20s
upon ignition. After allowing to stand 16 hours, the im-
pregnated gel particles were dried 12 hours in air at
180° F. and then heated to 1000° F. in a hydrogen at-
mosphere over a 4-hour period and calcined at 1000° F. in
hydrogen for 12 hours.

Example 10

A chromia-alumina gel, prepared as in Example 1, was
treated and impregnated with 6.2 percent P20s by the pro-
cedure of Example 9.

Example 11

A chromia-alumina gel, prepared as in Example 1, was

treated and impregnated with 12.4 percent P20s by the
procedure of Example 9.

The foregoing catalysts were tested for stability under
thermal conditions encountered in the reforming of pe-
trolenm naphthas. The data obtained upon testing are
shown graphically by the attached curves wherein:

Figure 1 represents the change in surface area, in
square meters per gram, of the untreated and treated
chromia-alumina catalyst impregnated with varying
amounts of P20s in the hydrogel state.

Figure 2 represents the change in surface area, in square
meters per gram, of the untreated and treated chromia-
alumina catalyst impregnated with varying amounts of
P20s after the gel has been dried and calcined.

Figure 1 shows that, when the chromia-alumina gel
particles are impregnated before drying, there is an in-
crease in the initial surface area after calcination in
hydrogen with an increase in the phosphate content up to
5 percent P205. There is a parallel increase in surface
area stability with phosphate content for heat treatment
in air at 1300° F. or 1400° F. At higher calcination
temperatures, the surface area stability drops off rapidly
for all these catalysts. If the gel particles are impregnated
after calcination as shown by the data of Figure 2, appre-
ciable phosphate addition results in reduced initial surface
area. This decrease in surface area is apparent for the
chromia-alumina gel impregnated with 12.4 weight per-
cent P20s. For relatively high phosphate concentra-
tions, an increase in surface area stability with increasing
phosphate concentrations is shown even after heat treat-
ment at 1560° F. The results of Figures 1 and 2 show
that the heat stability of the catalyst increased with in-
creasing concentrations of P20s impregnated on chromia-
alumina gel particles.

The present catalyst, comprising a major proportion of
alumina and a minor proportion of chromia in the form
of a cogel impregnated with phosphorous pentoxide gen-
erally possesses improved thermal stability over a chromia-
alumina composite of corresponding composition which
has not undergone impregnation with phosphorous pen-
toxide. It would accordingly appear that the advantages
achieved with the treated catalyst of the invention are

10

15

20

25

30

40

45

50

65

60

65

70

76

10

due to the'effects of the specified quantities of phosphot-

‘ous pentoxide when the same are deposited on a chromia-

alumina gel prepared as described herein.

What is claimed is: v

1. A catalytic composite consisting essentially of 20 to
40 percent by weight of chromia, 50 to 80 percent by
weight alumina, and 0.2 to 10 percent by weight of phos-
phorous pentoxide, wherein the chromia and alumina com-
ponents in the form of a cogel are impregnated with the
phosphorous pentoxide component,

2. A catalytic composite consisting essentially of 25 to
35 percent by weight of chromia, 60 to 73 percent by
weight alumina, and 2 to 5 percent by weight of phos-
phorous pentoxide, wherein the chromia and alumina com-
ponents in the form of a cogel are impregnated with
the phosphorous pentoxide component.

3. A method for preparing an intimate catalytic com-
posite of chromia, alumina, and phosphorous pentoxide,
which comprises forming a chromia-alumina cogel con-
sisting of a major proportion of alumina and a minor
proportion of chromia, calcining said chromia-alumina
gel, reducing said calcined chromia-alumina gel with hy-
drogen, bringing said reduced gel into contact with an
aqueous solution of a water-soluble phosphorous com-
pound, maintaining said contact for a predetermined time
sufficient to effect impregnation of said gel with said solu-
tion, removing the gel from the impregnating solution,
and drying the same to yield a chromia-alumina gel con-
taining 20 to 40 percent by weight of chromia, 50 to 80
percent by weight of alumina and impregnated with be-
tween about 0.2 and about 10 percent by weight of phos-
phorous pentoxide, and thereafter slowly heating the re-
sulting gel product in a hydrogen atmosphere to an ele-
vated temperature not exceeding about 1000° F. at a rate
not in excess of 10° F. per minute.

4. A method for preparing an intimate catalytic com-
posite of chromia, alumina, and phosphorous pentoxide,
which comprises preparing a chromia-alumina cogel con-
sisting of a major proportion of alumina and a minor
proportion of chromia by mixing aqueous solutions of
sodium aluminate and chromic acetate to yield a hydrosol
having a chromia-alumina content of at least about 10
percent by weight, controlling the sodium to aluminum
ion ratio and the acetate to chromium ion ratio in said
solutions to effect rapid gelation of said hydrosol to a
hydrogel, aging the hydrogel so obtained, washing the
aged hydrogel, drying and tempering the same to yield a
resulting hard chromia-alumina gel, reducing said gel with
hydrogen, bringing the reduced gel into contact with an
aqueous solution of a water-soluble phosphorous com-
pound, and maintaining said contact for a predetermined
time sufficient to effect impregnation of said gel with said
solution, removing the gel from the impregnating solution,
and drying and calcining the same in an oxygen-free at-
mosphere to yield a chromia-alumina gel containing 20 to
40 percent by weight of chromia, 50 to 80 percent by
weight of alumina and impregnated with a small amount
in the range of 0.2 to 10 percent by weight of phosphorous
pentoxide.

5. A method for producing an intimate catalytic com-
posite of chromia, alumina, and phosphorous pentoxide,
which comprises preparing a chromia-alumina cogel by
mixing aqueous solutions of sodium aluminate and
chromic acetate to yield a hydrosol having a chromia-
alumina content of at least about 10 percent by weight,
controlling the sodium to aluminum ion ratio and the ace-
tate to chromium ion ratio in said solutions to effect rapid
gelation of said hydrosol to a hydrogel, aging the hydro-
gel so obtained, washing the aged hydrogel, bringing the
washed hydrogel into contact with an aqueous solution of
a water-soluble phosphorous compound and maintaining
said contact for a predetermined time sufficient to effect
impregnation of said hydrogel with said solution, remov-
ing the hydrogel from the impregnating solution, and dry-
ing the same to yield a chromia-alumina gel containing
20 to 40 percent by weight of chromia, 50 to 80 percent
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by-weigtit-of alumina: and impregnated: with: between: 0.2
and’10:percent: by- weight: of phosphorous pentoxide, and
thereafter slowly heating the resulting gel:product in a hy-
drogen atmosphere to an elevated: temperature. not: ex-
ceeding about 1000° F. at a rate not in-excess:of: 10° F.
per minute.

6. A method: for producing an intimate: catalytic. com-
posite of chromia, -alumina; and phosphorous. pentoxide,
which comprises forming spheroidal particles of chromia-
alumina gel, calcining the gel particles; reducing the cal-
cined- gel' particles with: hydrogen, bringing the reduced
particles into contact with an aqueous ammonium phos-
phate: solution, maintaining said contact: for' a:.prede-
termined time sufficient to. effect: impregnation of: said
particles with:said: solution; removing the: particles: from
the impregnating solution, and drying the same to yield
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spheroidal particles: of chromia=alumnina: gel containing:25

ta35- percent: By -weight of_chromia, 60 to 73 percent. by -

weighit: ahimina: and impregnated” with phosphorous:pent-
oxide in the.amount of 2 to" 5. percent by weight, and
thereafter slowly heating the resulting gel product in a

hydrogen atmosphere to an elevated temperature not ex-

ceediiig about: 1000° F. at a rate not: in excess 'of ‘about
4°"F: per.minute. T :
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