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This application is a continuation-in-part of
our application Serial No. 198,468, filed November
30, 1950,

The present invention relates to improvements
in catalytic reforming of hydrocarbon distillates
boiling approximately in the range of gasoline

and is particularly concerned with novel cata-
lysts of high selectivity for use in such process
and the particular method: of preparation by
which such catalysts may be obtained.

One of the principal objects of the invention
is the provision of an improved catalyst capable
of producing high vields of gasoline of ‘desired
enhanced octane quality and of good lead sus-
ceptibility, while minimizing the occurrence or
extent of such other accompanying reactions,
such as cracking, which tend to produce coke and
low molecular weight hydrocarbon gases, at the
expense of desired gasoline yields.

In previous known
gasoline and naphtha fractions, involving treat-
ment at superatmospheric pressure and in the
bresence of added hydrogen, catalysts have been
employed having the property of promoting de-
hydrogenation reactions, the best known being

molybdenum oxides on activated alumina, While

under the conditions employed in these previous
brocesses dehydrogenation of naphthenes pres-
ent in the gasoline charged to reforming does

.take place, other simultaneous reactions occur :

to substantial extent, including cracking of parts
of the charge, resulting in the formation. of sig-
nificant quantities of low molecular weight hy-
drocarbon gases accompanied. by deposition of

coke in sufficient amounts to limit the practical :

on-stream operating period to about 4-8 hours,
followed by regeneration of the catalyst.” The
reported butane-free ‘gasoline vields from- such
Drocesses are in the order of about 70-80% by
volume of the charge., In other related processes
conditions were employed to dehydrogenate se-
lected narrow cuts of naphthenic materials to
- aromatic hydrocarbons, operating under condi-
tions obtaining lower conversion of the charge
ber pass, and generally at higher pressures (up
to about 5070 atmospheres) than the previously
described process. In these processes operating
at lower conversion levels longer on-stream pe-
riods of up to several
sible, requiring as much as about 20-24 hours for
regeneration of the coke produced. Reformed
products high in aromatic content are stated to
be obtained, but the overall gasoline yields are
not substantially better than those obtained in

processes for hpgrading '

days or more might be pos- '
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the previously deseribed processes carried out at
lower pressure.

In accordance with the present  invention,
naphthenes in gasoline and naphths, fractions,
are selectively converted to aromatics under con-
ditions disfavoring accompanying production of
undesirable side products such as coke and gas.
This desirable result is brought about by carry-
ing out the reforming process in the presence of
a, catalyst consisting essentially of a minor pro-
portion "of molybdenum oxide well distributed
over the available surface of an aluming carrier
which has been previously treated to render the
carrier substantially devoid of cracking or poly-
merizing-promoting  function. Such catalysts
are prepared in accordance with the invention
by treating alumina with magnesium compounds
which are converted to magnesia, the conditions

of treatment being controlled to avoid forma-

tion of so called “beta alumina.” ' This ‘treat-
ment results in the production of an alumina
base or carrier having no significant cracking
activity. Molybdena is then incorporated in the
specially prepared carrier in known ‘or suitable
manner. ]

The eatalyst thus prepared is employed in re-
forming of gasoline and naphtha distillates in
the presence of added hydrogen, at pressure of
200-1000 p:. s. i, temperatures between about
850-1000° F., the hydrocarbon distillate being
charged at o liquid space rate of preferably not
less than 1 volume per hour per volume of cata-
lyst. Preferred operating conditions include
temperatures not in excess of about 950-975° F.
and liquid space rates of at least 2.

The catalysts employed in the reforming proc-
esses of the invention are highly selective in pro-
moting dehydrogenation of naphthenes but have
little or no activity in promoting cracking of
hydrocarbons.. The selectivity of various cata-
lysts can bhe tested by their separate effects on
conversion of heptane and of methyleyclohexane
under standardized conditions. The catalysts of
the invention as contrasteq with typical com-
mercial dehydrogenation catalysts of the molyh-
dena-alumina type or catalysts of the chrome-
alumina type, are characterized by high rates of
conversion of methyleyclohexane to aromatics
without accompanying production of large
amounts of by-produets such as coke and gas and
by their relatively low activity in the conversion
of normal heptane. Since dehydrocyclization of
normal heptane involved is associated with a
course of reaction including a cracking: function,
the characteristic behavior of the catalysts of the
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invention is indicative of high selectivity for pro-
moting dehydrogenation of hydroaromatic

naphthene compounds without material tendency
to promote accompanying side reactions such as
carbon-carbon scission and polymerization.

Activated alumina of commerce as well as
heat-treated bauxite already possesses significant
cracking activity. By the incorporation of
molybdena in known manner in such alumi-
naceous carriers the cracking activity of the
composite may be further increased. ‘In the
catalysts of the present invention, however,.the
cracking promoting function .of the carcier is
materially attenuated or destroyed, to provide
the desired selectivity for dehydrogenation.

The reforming process of the invention is ap-
plicable to the treatment -of ‘various naphtha
charge stocks containing naphthenes of the hy-
droaromatic type, including catalytically eracked
distillates as well as straight run gasoline and
maphthas and distillates from thermal -cracking.
An important application of the invention s in
the treatment -of gasoline and raphtha fractions

.derived from hydrogenative processes such:as-hy-
drogenative cracking ans .destructive hydregena-
‘tion, ‘which fractions are -generally -characterized
by a high naphthene content-and low oetame rat-

It is important that the magnesia -be incorpo-
rated in'the.alumina prior to the:incorperation of
the malybdena. Catalysts prepared by treatment
.of molybdena-alumina with magnesia.do not-have
the same high selectivity -of the-catalysts of the
invention and -characteristically .obtain Jlower
gasoline yields and :produce significantly larger
.quantities .of coke than -the -catalysts -of the in-
wvention. 'This .observed difference :in behavior-of
the two-catalysts.can not be entirely satisfactorily
explained. The reason:that knownhydroforming
catalysts -comprising molybdena on .activated
alumina tend to produce .coke -and low molecular
weight -gases -appears to be related to cracking
activity. The.cracking=promoting:functionisbe-
lieved to .be .centered on .acid -sites -existing in
these cataysts or is related to their ability to:ac-
commodsate or transfer protons. By base-ex-
changing or treating such active sites with -ap-
propriate cations the “acidity” or protonic acti-
wity and.accordingly the cracking function:can be
Jinhibited.

The-catalysts.of the invention.are prepared by
treating calcined .or activated alumina in lump
or tablet form with an agueous solution.of a:sol-
uble magnesium .compound and .drying the prod-
uct. The effect. of .this treatment :is .already
noticeable when as little as .0.05% magnesia is
incorporated in the alumina; quantities of mag-
nesia.above about.2-3% do not appeartohave:any
.added useful effect and.may be undesirable. Pref-
erably about 0.1 fo 2.0% magnesia by weight
is employed.

'The dried magnesia-alumina is.dipped in a solu-
tion of a molybdenum salf, such as ammonium
molybdate, and the salt decomposed fo the.oxide.
The molybkdena may be present in proportions of
about 7.0 to 15.0% by weight of the final catalyst.
It is important that the alumina, before .or.after
deposition of the molybdenum compound, be not
heated to high temperatures or otherwise treated
40 cause transformation thereof to.beta forms.of
-alumina.

“Prior to being placed on-stream the catalyst is
treated in a stream of reducing gas such.as hydro-
gen‘to transform the molybdenum.oxides.tolower
wyalence state.
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EXAMPLE I

Commercial activated-alumina tablets (Har-
shaw) were treated with 20% magnesium chloride
(MgCls) solution, using about 5 liters solution per
kilogram of alumina, then washed free of chlo-
rides and . deied. The dried product was treated
for thirty ‘minutes with a solution of ammonium
molyhdate (calculated to deposit 10% MoOs on
fhe alumina) containing about 270 grams MoOs
per liter-of water, in the proportions of about 400
milliliters solution per kilogram of alumina. The
4rested ‘product was drained, dried, and heat
treated -at 1050° F. for two hours. Before being

wplaced on stream, hydrogen was passed over the

catalyst to reduce the molybdena to lower valence
forms. The final-catalyst contained 0.28% MgO.
*Fhe catalyst thus prepared was employed in re-
forming East Texas naphtha with the following
results:
Table 1

Charge: East Texas.naphtha.
“BJR.240-352°

F., API°53.3.
Catalyst: MoO, on magnesia-treated alumina,

«Qperating conditions: . !
‘Pressure, p. 8. 18- 600 |  ..600, 250
‘Temp., °F...._ 950 ° ‘950" ‘850
JSV:(vol:/hr:/v 521 42 .2
Hy: oil ratio - 3. B 3

“Yields: ¢

Gago.:(Cs+-), vol. percent._.. 86,5 1) 913 £8.8
Cy, vol, percent_......_ 811 44 . 2.2
Dry Gas, wt. percent.. 41 | 32 - 3.8
Coke, wt. percent ... 0.:45| .4007: 0.6

‘Octanes: .
CFR-Reelear_ .. oooeeoooeemcoooooz| 8831780 - 7.5
A3CC B e[ 19547 18B.4 0.2

EXAMPLE II
An Al:O:-MgO-MoQs3 catalyst -was  prepared

following the procedure.of the preceding example

using about the same proportions.of components,
and likewise .tested in reforming .the -previeusly
‘reported. naphtha in a series-of runs.with thefol-
lowing xresults.: .

Table .2
-Operating. conditions:
“Pressure, P. S o € oo 600 600
Temp., *F________. L ‘850 950
LSV .(vol./hr:fval. : 2% 4
Hy:oftratioo - ocovmeeon 3 . 3
Yields: :
1Gaso. (Cs+), vol. pereent. o2 828 84.8
'Cay vol. pereent . -« eeeen 11.2. 10.1
Diry Gas, wh.pereento oo oLl 459~ 4.0
Coke, wt.-percent. oo eeeemmm e am ; (04, 0.2
Octanes: ! )
“OFR~R.¢lear. 878" 88.6
8,00, T B L e 97,1 96:6

:Obviously many modifications and:variations-of
the invention as thereinbefore -set ‘forth ‘may ‘e
made without departing from the:spirit and scope
therepof, and therefore :only -such Ilimitations
.should be imposed .as are indicated :in the :ap-
pended claims.

We claim .as.our invention: .

1. The method .of upgrading -the .quality .of a
naphtha fraction containing naphthenic hydro~
carbons boiling in the range .of .gasoline, which
comprises contacting such a fraction.in the pres-
ence of added ‘hydrogen with a catalyst consist~
'ing of molybdenum oxide incorporated in an inert
non-acidic carrier consisting essentiadlly .of
‘gamme, dluniing -containing up ‘to about 3%
-amorphous ‘magnesia ‘incorporated “therein :and
‘being :substantially free-of -erystalline -magnesium
aluminate, said catalyst having been prepared by
[incorporation -of the molybdenum -oxide into-the
alumina :carrier -which ‘has heen previously im-
Ppregnated -with magnesia; -said rcontacting heing
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performed under conditions suitable for dehydro-
genation of naphthenes in said fraction, includ-
ing super atmospheric pressure and temperatures
in the range of 850-1000° F.; and recovering a
gasoline fraction of desired boiling range from
the reformate thus distributed.

2. The method of selectively dehydrogenating
naphthenic hydrocarbons in g hydrocarbon frac-
tion boiling approximately in the range of gaso-
line with concomitant formation of minimized
quantities of cracked products including coke and
low molecular weight hydrocarbon gases, which
comprises contacting said hydrocarbon fraction
with a catalyst consisting of about 7-15% by
weight of molybdenum oxides incorporated in an
inert non-acidic carrier consisting essentially of
gamma . alumina containing .05-3% amorphous
magnesia incorborated therein said carrier being
substantially free of ecrystalline magnesium
aluminate, said catalyst having been prepared by
incorporation of the molybdenum oxide into the
alumina carrier which has been previously im-
pregnated with magnesia; said contacting being
effected under reaction conditicns ineluding pres-
sure of 200 to 1000 pounds per square inch, tem-~
peratures of about 850-1000° F., and liquid space
velocity not less than 1 volume hydrocarbon frac-
tion per hour per volume of catalyst.

3. The method of obtaining high yields of gaso-
line of improved octane rating which comprises
charging g naphtha cut having a high naphthene
content to catalytic dehydrogenation in the pres-
ence of a catalyst consisting of 7-15% by weight
molybdenum oxides distributed on s carrier com-
Dbosed of gamma aluming containing 0.1-29
amorphous magnesia, distributed therein, said
catalyst having been prepared by incorporation
of the molybdenum oxide into the aluminsa car-
rier which has been previously impregnated with
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magnesia, and effecting selective dehydrogenating
of naphthenes in said cut in contact with said
catalyst at a temperature in the range of 850-
950° F., under a pressure of about 200-1000
pounds per square inch, hydrogen in excess being
added to said naphtha charge, and said naphtha
being charged to said dehydrogenation at a lig-
uid space rate in excess of 1 volume per hour per
volume of catalyst.

4. The method of selectively dehydrogenating
naphthenic hydrocarbons contained in a gasoline
fraction without production of excessive quan-
tities of cracked products including coke and
low molecular weight hydroearbons, which com-
prises contacting such a gasoline fraction with a
catalyst consisting of molybdenum oxide incor-
porated in an inert non-acidic carrier consisting
essentially of gamma aluming containing up to
about 3% amorphous magnesia incorporated
therein and being substantially free of crystalline
magnesium aluminate, said catalyst having been
prepared by incorporation of the molybdenum
oxide into the alumina carrier which has been
previously impregnated with magnesia; said con-
tacting being performed under dehydrogenation
conditions including temperature in the range of
850-950° F., pressure of about 200-1000 p. s. i.,
and a liquid space velocity of at least 2 volumes of
hydrocarbon charge per hour per volume of cat-
alyst.
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