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8 Claims.

My invention relates to catalytic hydrocarbon
conversion processes, and particularly to an im-
proved method for reactivating spent catalysts in
such processes.

In high temperature catalytic hydrocarbon

(CL 196—52)

conversion processes, such as cracking and re- .

forming, the catalysts quickly become at least
partially deactivated by carbonaceous deposits.
The catalysts employed are generally too expen-
sive to discard after this initial deactivation, and
are therefore reactivated for further use. The
reactivation has been effected in commercial
operations by contacting the hot partially spent
catalyst with air to burn off the carbonaceous
deposits. This procedure, however, has been: ex-
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pensive, and has been disadvantageous for the

_ reactivation of powdered catalysts in view of the
difficulty of separating a fine powder from hot
combustion gases.

An object of my present invention is to pro-
vide an improved methed for reactivating hydro-
carbon conversion catalysts.

Another object of my invention is to provide a
liquid phase process for the removal of carbon-

aceous deposits from hydrocarbon conversion

catalysts.

A further object of my invention is to provide
a8 process for the removal of carbonaceous de-
posits from hydrocarbon c¢onversion catalysts by
hydrogenation in the presence of g liquid phase
hydrogen carrier.

An additiona] object of my invention is to pro-
vide an improved cyclic catalytic process for hy-
drocarbon conversion in which tte catalytic re-

action is effected in the presence of a liquid hy- ;

drocarbon phase, and the carbonaceous deposits
are removed from the partially spent catalyst by
hydrogenation in the presence of a nquid phase
hydrogen carrier.

Other objects and advantages of my invention
will be apparent from the following description:

In accordance with my present invention, car-
bonaceous deposits are removed from hydrocar-
bon conversion catalysts by hydrogenation in the
presence of a liquid phase hydrogen carrier. Any
material which is easily dehydrogenated at the
temperature and pressure employed for the re-
activation will serve as a hydrogen carrier in this
process. The material employed should, of course,
have no adverse effect on the catalyst itself, even

though it is highly reactive with the carbonace-

ous catalyst deposits. The hydrogen carrier is
suitably a compound which may readily be sepa-
rated from the catalyst, and whose dehydrogena-
tion products may also be separated easily. How-
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ever, I prefer to employ as hydrogen carriers
compounds which, as such or as their dehydro-
genation products, are not undesirable in the
catalytic hydrocarbon conversion reaction mix-
ture, and hence do not have to be completely
separated from the recycled catalyst. For this
purpose, hydrocarbons which are easily dehydro-
genated at the reactivation temperature and
pressure are the most advantageous hydrogen
carriers.

I prefer to employ as hydrogen carriers in my
process  cyclic hydrocarbons which are at least
partially saturated, i. e., less unsaturated than
aromatics. Such hydrocarbons may be mono- -
cyclic or polycyclic, and may be either partially
or completely hydrogenated. The cyclo-parafiins
and cyclo-olefins having five or six carbon atom
rings are examples of this class of compounds.
I generally prefer to employ hydrocarbons hav-
ing six carbon atom rings, i. e., the hydro-aro-
matics, and particularly the polycyclic hydro-
aromatics. - It should be understood, in this con-
nection, that the term “polycyclic” is used here-
in and in the appended claims to designate bi-
cyeclic compounds as well as those having more
than two rings. Tetralin and decalin, and anal-

- ogous polycyclic compounds, with or without alkyl
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side chains, are examples of my preferred class
of hydrogen carriers. Mixtures of such .com-
pounds, or hydrocarbon fractions containing sub-
stantial amounts of such compounds may be used.
Naphthenic petroleum fractions having boiling
ranges of the order of 300-600° F. are inexpen-
slve materials well adapted for use as hydrogen
carriers in my process.

If the hydrogenation is effected by means of
gaseous hydrogen, the hydro-aromatic hydrocar-
bon will serve primarily as a hydrogen carrier,
and will be continuously dehydrogenated and re-
hydrogenated. In such cases, at the conclusion
of the reaction, little if any aromatic hydro-
carbons will be present in the reaction mixture. -
However, any hydrogen carrier may also serve as
& hydrogen donor in the reaction, and may con-
stitute tte only source of hydrogen for reaction
with the carbonaceous .catalyst deposits. The
use of hydro-aromatic hydrocarbons in this man-

. ner is very advantageous, since substantial quan-

tities of valuable aromatic hydrocarbons may thus

-be produced simultanecusly with reactivation of

~ the catalyst.

The -amount of the cyclic hydrocarbon to be
employed as a hydrogen carrier may vary over
8 considerable range. In any case, there should
be sufficient to completely wet the surface of the -
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catalyst; and if the hydrocarbon is fo serve as
the sole source of hydrogen for the reaction, it
should be present in & concentration such that
the amount of hydrogen liberated by its dehy-
drogenation is at least equivalent to the carbon
content of the deposit on the cafalyst. Generally,
however, the amount of the cyclic hydrocarbon
should be much in excess of either of the above
minimum requirements. It is preferable to em-
ploy sufficient hydrocarbon to obtain a catalyst
slurry which may be easily handled and agitated
during the hydrogenation reaction. A very large
excess of the hydrogen carrier or-hydrogen donor
may be used, if desired. However, when employ-
ing hydro-aromatics as hydrogen donors it 1s
preferable to avoid a large excess, in order that
the aromstics produced may be recovered at a
relatively high concentration.

The hydrogenation reaction is effected at a
temperature in excess of 700° F., and preferably
at a temperature of sbout 750° F. Higher tem-
peratures may be employed if desired, but should
not be sufficiently high to cause undue cracking
of the hydrogen carrier employed.

The pressure at which the hydrogenation re-
action is effected should be sufficient to main-
tain the hydrogen carrier in liquid phase at the
reaction temperature. The minimum pressure
will thus vary for different hydrogen carriers, but

- for hydro-aromatic hydrocarbons having boiling 3

points at least as high as that of tetralin, &
pressure of 400 pounds per square inch will usu-
ally be sufficient. Much higher pressures, e. g.
initial pressures of 1000-3000 lbs. per square inch
are usually desirable. If gaseous hydrogen is em-
ployed in the reaction, the pressure may be con-
trolled by the introduction of the hydrogen.
When hydrogen is not used, pressures higher
than the vapor pressure of the hydroaromatic
hydrocarbon or other hydrogen carrier may be
obtained by the introduction of an inert gas, such
as nitrogen, natural gas, or the like.

The contact time employed in the hydrogena-
tion reaction will depend on the temperature
used, and the degree of reactivation required.
At a temperature of 750° F., contact times of 1-6
hours should generally provide sufficient reacti-
vation of partially spent catalysts. Shorter con-
tact times may be employed if there is thorough
agitation of the reaction mixture than is required
for a relatively static mixture, and I prefer to
provide suitable agitation in all cases.

At the conclusion of the reaction, the reacti-
vated catalyst may be separated from the hy-
drocarbons by filtration or other suitable means,
and may, if desired, be washed or otherwise fur-
ther treated before recycling. However, it is gen-
erally sufficient merely to recover the reactivated
catalyst in the form of a concentrated slurry.
This may be accomplished by gravity settling and
decanting, or by flash vaporizing the bulk of the
hydrocarbons from the hot reaction mixture at
reduced pressure. Co

My reactivation process is applicable to the
treatment of any hydrocarbon conversion cata-
lysts which have become deactivated due to car-
bonaceous deposits. Such catalysts are insoluble
in hydrocarbons, and are usually entirely inor-
ganie in composition. They are used in fixed bed
operations and in “fAuid catalyst” operations for
relatively high temperature reactions such as
cracking, reforming, hydroforming, and the like.
My reactivation process is especially applicable
to alumina-silica catalysts, such as the clay types
of cracking catalysts. ‘The montmorillonite
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clays, and especially the highly active forms of

these clays, such as “Superfiltrol,” are examples

of cracking catalyst which may advantageously
be reactivated by my process.

5 A further phase of my present invention com-

prises controlling the reaction conditions of the

catalytic hydrocarbon conversion reaction so that
the catalyst deposits obtained are of a nature
particularly adapted to my reactivation treat-
ment. This is effected by carrying out the hy-
drocarbon conversion reaction in the presence
of a liquid hydrocarbon phase, so that the car-
bonaceous deposits formed on the catalyst will
be of a more tarry and less coke-like nature.
The entire reaction mixture need not be main-
tained in the liguid phase, but there should be
sufficient liquid hydrocarbon to maintain the
catalyst surface completely wet during the re-
action. This type of operation is best adapted
to the catalytic treatment of high boiling petro-
leum fractions, such as gas oils, reduced crudes,
and the like. For the catalytic treatment of
lighter fractions, such as naphthas, highly active
catalysts are required to effect reactions at the
relatively low temperature required to maintain

a liquid phase. Such light fractions may, how-

ever, be treated at higher temperatures in the

presence of a higher boiling fraction to provide a

liquid phase.

o When the catalytic hydrocarbon conversion is
effected in the presence of a liquid hydrocarbon
phase, the partially spent catalyst may advan-
tageously be extracted with a solvent to remove
a portion of the tarry deposit. Any organic

45 liquid which is' known to have solvent properties

for tarry or resinous petroleum derivatives may

be used for this purpose. Petroleum hydrocar-
bons are suitable for this purpose, and it is gen-
erally advantageous to employ the same hydro-

40 aromatic hydrocarbon or petroleum fraction con-

taining hydro-aromatics, which is to be used sub-

sequently as the hydrogen carrier in the reacti-
vation process. In such cases, complete separa-
tion of the solvent from the catalyst is not neces-

45 sary prior to effecting the reactivation.

One modification of a preferred procedure em-
ploying liquid phase catalytic conversion, extrac-
tion of the partially spent catalyst with a hydro-
aromatic hydrocarbon, and liquid phase hydro-

50 genation in the presence of the same hydro-aro-

matic hydrocarbon is illustrated diagrammati-
cally in the accompanying drawing. As may be
wseen in this drawing, a suitable hydrocarbon
fraction, such as a gas oll, is heated in a con-
ventional tube furnace ! to a catalytic liquid
phase cracking temperature, and is infroduced,
_together with suspended powdered catalyst, into
the top of a tower 2 which serves as the cracking
reactor.

The mixture of oil and catalyst flows down-
ward through the reactor 2, and is withdrawn
from the lower part of the tower, preferably at
a point somewhat above the bottom, as shown in

- the drawing. In this manner, a substantial pro-
portion of the catalyst may settle to the bot-

- tom of the tower 2, where it can be withdrawn

as a slurry and recycled to the top of the tower.

This recycling may suitably be effected in the

manner shown in the drawing, by injecting the

hot charge oil into the catalyst slurry recycle
line 3. For this purpose the oil may be heated
sufficiently to cause partial vaporization at the

pressure maintained in the cracking reactor 2.

75 The resulting vapors formed in the catalyst re-
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cycle line 3 may then aid in recycling the cata-
lyst slurry by the “vapor lift” principie.
The mixture of oil and partially deactivated
catalyst which is withdrawn from the lower part
- of the cracking reactor 2 is introduced into a
. vaporizer 4 at sufficiently reduced pressure to ef-
fect flash vaporization of the bulk of the hydro-

carbons. The vapors are then fractionated in a

conventional manner to recover cracked naphtha
and such other fractions as may be desired.
. Fractionating tower 5 and condenser 6 will serve
for simple fractionation to recover naphtha and
fuel oil fractions.

The partially deactivated catalyst-and a minor
proportion of the highest boiling hydrocarbons of
the cracked product settle to the bottom of the
flash vaporizer 4 in the form of & slurry. This
slurry is introduced into an extraction tower 7 at
an intermediate level, and the catalyst settles
downward, countercurrent to an upflowing stream
of a polyeyclic hydro-aromatic fraction. The

linear velocity of the rising hydrocarbon stream .

is maintained sufficiently low to prevent substan-
tial amounts of catalyst frcm reaching the top of
the extraction tower 1. The extract is removed
from the top of the tower 7 and distilled in frac-
tionator 8. A hydro-aromatic overhead fraction
from fractionator 8 is condensed in condenser 9
for recycling to the extraction tower 1.

Any catalyst removed from the extraction tower
7 may be recovered from the extract bottoms by
filtration, or other suitable means. Since the
tarry material constituting the extract bottoms

- has little value, it may be burned to recover and
simultaneously reactivate its catalyst content, if
the amount of catalyst warrants this step. Gen-

- erally the small amount of catalyst contained in
the extract botioms is not economically recover-
able, and is replaced by fresh catalyst charged to
the cracking reactor.

The extracted catalyst which settles to the bot-
tom of the extraction tower T is withdrawn as a
slurry of catalyst and hydro-aromatic hydrocar-
bon. This slurry passes through & preheater 10 to
one of a number of alternately charged high pres-
sure hydrogenation reactors { {—{4{ prime. 'These
reactors are maintained at a temperature of 750°
., and are preferably equipped with suitable
agitating means, not shown in the drawing. Hy-
drogen or an inert gas is introduced into the re-
actor {1 at an initial pressure of 1000-3000 1bs.
per square inch, and the mixture is aglt;aued fora
period of 1-3 hours.

The slurry is then withdrawn from-the hydro-
genation reactor {{ and introduced into & flash
vaporizer {2 where the bulk of the hydrocarbons
are vaporized. The vapors may then be frac-
tionated in fractionating tower 3. An overhead
fraction from tower {3 comprising low boiling
aromatics resulting from the hydrogenation and
cleavage of polycyclic aromatics in the catalyst
deposit and from hydrogenation and cleavage of
polycyclic aromatics resulting from dehydrogena-
tion of the polycyclic hydro-aromatics employed
as hydrogen carriers is recovered as a condensate

“from condenser 4. The fractionator bottoms
comprise unreacted hydrocarbons of the poly-
cyclic hydro-aromatic fraction employed as the
hydrogen carrier, together with any hydrocarbons
of the same boiling range produced in the hydro-
genation reaction. This fraction may suitably be
recycled to the extraction tower 1, ag shown in
the drawing.

The reactivated catalyst and unvaporized hy-
drocarbons are withdrawn as a slurry from the

bottom of the flash vaporizer- 12. The catalyst
may be recovered from this slurry by filltration or -
other suitable means, if desired. However, I pre-
. fer to recycle the slurry directly to the cracking .
5. reactor 2, as shown in the drawing. :
My invention will be further illustrated by the
followlng specific examples:

Ezample I

10 A gas oil of about 38.5 A, P, 1. gravity is cracked
in the liquid phase at a temperature of about 700°
F. and a pressure of approximately 500 1bs. per
square inch, with a residence time of about one
hour, employing approximately 20% of a pow-
15 dered silica-alumina cracking catalyst, based on
the weight of the oil charged. On a once-through
basis, a yield of about 30% cracked naphtha of
400° F. end-point is obtainable, with the carbon:
content of the partially deactivated catalyst about
20 5% by weight of the catalyst, or 1% by weight of
the charge. ,

The partially spent catalyst is charged to a
high pressure reactor with a highly naphthenic
distillate fraction of 350-500° F. boiling range,
in a weight ratio of oil to catalyst of about 2/1.
” The mixture is agitated and heated to & tempera-
ture of about 750° F., at the vapor pressure of
the hydrocarbons, for a period of 2 hours. The
pressure is then released and the bulk of the hy-
drocarbons are flash vaporized from the catalyst,
leaving a concentrated slurty for recycling. The
carben content of the catalyst suspended in this
slurry may be reduced to 0.8% by weight, or
lower, on an oil-free basis; and the cracking
35 activity of the regenerated catalyst should equal,

and may exceed the activity obtama.ble by burning

off the catalyst deposits.

Example II

An slumina-molybdena hydroforming catalyst
is employed in fixed bed operation for hydro-
forming a heavy straight run naphtha of about
50° APTI gravity 250-400° F. boiling range, and a
CFR octane number of 44. Using a catalyst tem-
_ berature of about 950° F', a pressure of 200 lbs.
45 per square inch, an oil feed rate of 1 volume of
oil per volume of catalyst per hour, and a gas
recycle rate of 2500 cubic feet per bbl. of feed, a
yield of 85-90% gasoline and 84 CFR octane num-"
ber is obtainable with a coke production of about
1% by weight of the charge. The process is oper-
ated in 6 hour cycles, and the reactivation of the
catalyst is effected by reaction with tetralin at a
*temperature of 750° F,, using .the hydroforming
recycle gas to obtain an initial pressure of 2000
63 Ibs. per square inch. When employing two re-
actors alternately on stream, and using all of the
off-stream period for the reactivation reaction,
less only the time required for charging and dis-
charging, the coke deposits on the catalyst may
60 be substantially completely removed, and the
catalyst activity restored to a value as high, or
higher, than can be obtained by burning off the
coke deposits.
It is to be understood, of course, that the above
65 examples are merely-illustrative, and do not limit
the scope of my invention. Catalysts used in
other types of hydrocarbon conversionm processes
may be reactivated in a similar manner, and other
hydro-aromatic hydrocarbons, or other types of
70 liquid phase hydrogen carriers may be substituted
for the particular materials employed in these
examples. Other catalytic hydrocarbon conver-
sion processes may also be operated at least par-
tially in the liquid phase in order to obtain cata-
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15 lyst deposits of & nature particularly adapted for
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removal by my liquid phase hydrogenation proc-
ess. In general, it may be said that the use of
any equivalents or modifications of procedure
which would naturally occur to those skilled in
the art, is included in the scope of my invention,
Only such limitations should be imposed on the
scope of my invention as are indicated in the ap-
pended claims.

Iclaim:

1. In a catalytic hydrocarbon conversion proc-
ess in whichk the catalyst becomes et least par-
tially deactivated by carbonaceous deposiis and
is reactivated and reused in the conversion opera-
tion, the steps which comprise subjecting deac-

tivated catalyst to hydrogenation at a tempera--

ture in excess of 700° F. in the presence of a liquid
phase hydrocarbon which is capable of substan-
tial dehydrogenation under the catalyst reactiva-
tiocn conditions, and separating the resulting lig-
uid phase from the catalyst.

2. In g catalytic hydrocarbon conversion proc-
ess in which the catalyst becomes at least par-
tially deactivated by carbonaceous deposits and
is reactivated and reused in the conversion opera-
tion, the steps which comprise subjecting deac-
tivated catalyst to hydrogenation in the presence
of an at least partially saturated cyclic hydro-
carbon at a temperature in excess of 700° P, and at
a pressure suficient to provide a liquid hydrocar-
bon phase, and separating the resulting hydro-
carbon mixture from the catalyst.

3. In a cyclic catalytic hydrocarbon conversion

process in which the catalyst becomes ai least

partially deactivated by’ carbonaceous deposits
and is reactivated and recycled to the conversion
operation, the steps which comprise subjecting
deactivated catalyst to the action of a hydro-
aromatic hydrozarbon at a temperature of 700-
900° ¥, and at s pressure sufficient to provide a
liguid hydrocarbon phase, separating the resuli-
ing catalyst and hydrocarbon phases, and re-
cycling the catalyst to the catalytic hydrocarbon
conversion process.

4. In a process for the catalytic cracking of
petroleum hydrocarbons in the presence of an
alumina-silica catalyst in which the catalyst be-
comes at least partially deactivated by carbo-
naceous deposits and is reactivated and recycled
to the cracking operation, the steps which com-

prise subjecting deactivated catalyst to the action ;

of a hydrocarbon fraction comprising polycyclic
hydro-aromatic hydrocarbons at a temperature
of about 750° I, and at a pressure sufficient to
provide a liquid hydrocarbon phase, separating
the resulting catalyst and hydrocarbon phases,
and recycling the separated catalyst to the crack-
ing operation.

5. In a cyclic catalytic hydrocarbon conversion
process, in which the catalyst becomes at least
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partially deactivated by carbonaceous deposits
and is reactivated and recycled to the conversion
operation; the steps which comprise effecting the
catalytic conversion in the presence of a liquid
hydrocarbon phase, subjecting deactivated cata-
lyst to hydrogenation at & temperature in excess
of 700° F., and in the presence of a liquid phase
hydrocarbon which is capable of substantial
dehydrogenation under the catalyst reactivation
conditions, separating the resulting catalyst and
hydrocarbon phases, and recycling the separated
catalyst to the hydrocarbon conversion operation.

6. In a cyclic catalytic hydrocarbon conversion
process, in which the catalyst becomes at least
partially deactivated by carbonaceous deposits
and is reactivated and recycled to the conversion
operation, the steps which comprise effecting the
catalytic conversion in the presence of & liguid
hydrocarbon phase, subjecting deactivated cata-
1yst to solvent extraction, subjecting the extracted
catalyst to the action of an gt least partially satu-
rated cyclic hydrocarbon at a temperature in ex-
cess of 700° F,, and at a pressure sufficient to pro-
vide a liquid hydrocarbon phase, separating the
resulting catalyst and hydrocarbon phases, and
recycling the separated catalyst to the hydrocar-
bon conversion operation.

7. In a2 cyclic catalytic process for cracking

-petroleum hydrocarbons, in which the catalyst

becomes at least partially deaciivated by carbo-
nacecus derosits and is reactivated and recycled
to the cracking operation, the steps which com-
prise effecting the cracking reacticn in the pres-
ence of a liquid hydrocarbon phase, subjecting de-
activated catalyst to extraction by e petroleum
hydrocarbon {raction, subjecting the extracted
catalyst to the action of g hydro-aromatic hydro-
carbon at a temperature of 700-800° ¥, and at a
pressure sufficient to provide a liquid hydrocarbon
phase, separating the resulting catslyst and hy-
drocarbon phases, and recycling the separated
catalyst to the cracking operation.

8. In a cyclic process for the cracking of pe-
troleum hydrocarbons in the presence of & silica-
aluming catalyst, in which the catalyst becomes
at least partially deactivated by carbonaceous
deposits and is reactivated and recycled to the
cracking operation, the steps which comprise suh-
jecting deactivated catalyst to extraction by a
petroleum fraction comprising polycyclic hydro-
aromatic hydrocarbons, subjecting the extracted
catalyst to the action of said hydrocarbon frac-
tion at a temperature of about 750° F., and at a
pressure sufficient to provide a liquid hydrocar-
bon phase, separating the resulting catalyst and
hydrocarbon phases, and recycling the separated
catalyst to the cracking operation.

MEREDITH M. STEWART.
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