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4 Claims.

This invention relates to the production of
‘superior grade high anti-knock gasoline by the
-catalytic treatment of inferior hydrocarbon ma-
‘terials. A particular aspect of the invention re-

:lates to an improved process for the conversion -

of higher boiling hydrocarbon materials which
‘may be vaporized without substantial decom-
‘position’into lower boiling high anti-knock hy-
‘drocarbons of the gasoline boiling range. - An-
other particular aspect of the invention relates
to an Improved process for the catalytic con-
‘version of light hydrocarbon oil distillates,
'such as gasoline, naphtha, and the like, of in-
‘ferior motor fuel characteristics, particularly
‘with -respect to anti-knock value, for the pur-
pose of producing. therefrom high yields of high
anti-knock gasoline,

In recent years considerable ‘attention has
‘been given to the catalytic cracking of hydro-~
carbons with clay-type catalysts. The catalytic
rconversion of hydrocarbons with clay-type cata-
‘lysts has the advantage that the varlous re-
‘actions taking place may be controlled to a cer-
‘tain extent to'produce higher “yields of more
‘valuable products while at the same time de-
creasing the production of less desirable prod-
ucts such as methane, ete.. Thus, by the use of
sultable clay-type catalysts it is possible to pro-
:duce equal or better ‘yields of gasoline stocks of
superior octane number and lead susceptibility
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from various hydrocarbon stocks -of inferfor -

‘quality. - - -
'The catalytic cracking of hydrocarbons. with
“clay-type catalysts is applicable to the treatment

‘of & wide variety of hydrocarbon feed stocks and :

‘may be effected under varied conditions, de-
pending upon the stock treated and the products
‘desired. The process is widely used, for ex-
;ample, for the conversion of higher boiling hy-
drocarbons into hydrocarbons of the gasoline
boiling range.
‘ployed for the production of gasoline from vari-
ous heavy hydroca.rbon fractions, more particu-
‘larly heavy distillates which are vaporizable
‘without - substantial decomposition, obtained
from the distillation of petroleum and various
other carbonaceous materials. The process is
“widely used, for example, for- the production of

.gasoline from gas olls, stove oils, and similar
fractions. 'The process is, however, also -appli--
‘cable for the treatment of lower boiling: frac-
‘tlons such, in particular, as thermally cracked
~gasolines, olefinic naphthas, and the like'of in-. .
‘:ve{lor motor fuel characteristics, particularly
‘with respect to-knocking characteristics and lead -

Thus, the process may be em-"
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susceptibility. This latter type of catalytic
cracking operation is referred to sometimes as
low temperature cracking and sometimes as iso-
forming. In this type of catalytic cracking op-
eration, which is hereinafter referred to as iso-
forming, certain other reactions, many of which
are not completely understood, take place in
conjunction with the cracking with the result
that substantial changes in the character of the
distillates treated are obtained with relatively
little change in. the volatility. Isoforming or .
low temperature cracking is employed primarily

"for the purpose of improving the properties and
particularly the octane rating and lead suscep-
15-

tibility of inferior olefinic gasoline and naphtha
fractions.

It is the object of this invention to provide
an improved method for executing catalytic
cracking processes of the above general types.
A particular object of the invention is to pro-
vide a method whereby vaporizable higher boil-
ing hydrocarbon fractions may be catalytically
cracked with clay-type catalysts to produce equal
or better ylelds of gasoline stocks having su-.
perior octane numbers and lead susceptibilities.
A further particular object of the invention is
to provide an improved method for isoforming
light hydrocarbon fractions such as gasoline
and naphtha with clay-type catalysts.

In the above-described type of catalytic crack-
ing processes the most common procedure is to
pass vapors of the hydrocarbon to be treated

‘through a fixed bed of a clay-type cracking cata-

lyst in a. so-called catalyst case or’ converter.

 During the conversion, carbonaceous matter is

deposited upon the catalyst and this causes a

" gradual decline in the catalyst activity. The

catalyst is therefore periodically regenerated by

. ‘burning off such materials in situ with a stream

of combustion supporting gas. In general, sev-
eral catalyst cases are employed in parallel, one
or more being regenerated while the remainder .
are-on-stream. The total time between similar
conditions of any given catalyst case for ex-
ample, from the beginning: of one-regeneration
to the beginning of the next regeneration, is
called a process cycle. The process cycle is in
turn subdivided into the process period (also
sometimes called “make period” and “on-stream
period”), the ‘-regeneration period, and such

“flushing, heating, cooling, etc.  periods as may

be necessary. When the process period:is longer
than about 3-6 hours, the process is considered
to be a long-cyclg operation.  On the other hand, -
when the process perlod-is short; such ‘as less
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than 1-3 hours, the process is considered to be
a short cycle operation. A typical short cycle
operation, for instance, comprises two cycles per
hour, each consisting of a 10-minute conversion
period, a 5-minute flushing period, a 10-minute
regeneration period, and a 5-minute flushing
period. The present invention relates to the
so-called short cycle operation. The distinction
between long and short cycle operations will be
more fully appreciated- from the following con-
siderations.

As stated above, during the process period, car-
bonaceous materials are deposited upon the cata-
lyst and there is a gradual falling off of the cata-
. lyst activity. This is illustrated in the attached
drawings; Figure I, wherein there is shown the
change in the activity of a typical clay-type
cracking catalyst (as expressed in terms of the
yield of 380° end point gasoline obtained there-
with) with time when catalytically cracking a
typical cracked stove oil from low level operation,
under typical conditions (temperature of 850° F.
liquid hourly space velocity, 4.5; molal steam-
hydrocarbons ratio, 1:1; catalyst bed outlet pres-
sure, 15 p. s. i.) in once-through operation. Itis
seen that the yield of gasoline produced under
typical cracking conditions declines quite slowly.
When the purpose of the process is primarily to
produce the highest yields of gasoline at the low-
est cost, the process is therefore effected with
long cycle operation. However, as explained
above, one of the chief advantages of the use of
catalytic processes employing clay-type catalysts.
is in the quality of the products that may be ob-
tained. Such processes are therefore not usually
operated with the aim of producing the highest
yields of gasoline at the lowest cost but with the
aim of economically producing gasolines of su-
perior quality, even at the expense of somewhat
increased operating costs. When the quality of
the products is considered, an entirely different
situation is presented. It is found that, although
the cracking activity of the catalyst declines quite
slowly, a considerable change in the quality of
the products takes place during use and that after
a few minutes on-stream, products of much in-
ferior quality are produced. THe remarkable
changes in the type of reaction taking place dur-
ing the process period are illustrated in Figures
I, ITT, IV and V wherein there is shown graphi-
cally the change in the octane number, carbon
- production, gas yleld and yield of butane-butylene
with the length of the process period under typi-
cal treating comditions. The curves again refer’
to operation at 950° F. It is seen that in all cases
there is a very decided change in the function of
the catalyst during the initial stages of the proc-
ess period and that after about-three hours of’
use the curves all flatten ouf corresponding to
the normally expected slow decline in the crack-
ing activity of the catalyst. The ga.solme pro-
duced in the initial stages of the conversion, as
can be seen by the octane number, is much su-
perior to that produced during later stages of
the process period. Besides having superior oc-
tane numbers, the .gasolines produced during
about the first three hours on-stream are su-:
perior with respect to lead susceptibility and stor-
age stability. - Thus, the bromine numbers of the
gasolines likewise increase rapidly in the first
stages of the conversion. When the primary ob-
Ject of the process is to produce superior quality
gasolines, use is made of this fact and the process
is effected by a short cycle operation. In order

- low about three hours.
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is necessary to maintain the process periods be-
Thus, short cycle -op-
erations are usually effected with process periods
in the order of 20 to 60 minutes. The most eco-
nomical process period for any given operation,
however, depends largely upon economic factors
and may range from about 10 minutes to about
three hours.

The treating step is endothermlc whereas the
regeneration step is exothermic. On the other
hand, the temperatures required in the treating
step are considerably below those prevailing dur-
ing the catalyst regeneration step. This condi-
tion therefore presents a difficult problem of heat
control. In general, in the conventional method
of operating such processes in any given cycle
the temperature of the catalyst is at the maxi-
mum at the end of the regeneration step. Dur-
ing the conversion the temperature of the cata-
lyst gradually declines due to the endothermic
heat of reaction and reaches a minimum at the
end of the process period. This condition usual-
1y prevails even when heat exchange means such
as embedded coils are provided in the catalyst
cases. This has, moreover, been considered a
desirable condition since a considerable propor-
tion of the heat of regeneration is thereby stored
up in the catalyst during the regeneration and is
utilized in the subsequent process period. In
some cases, however, if elaborate heat exchange
means are provided, the heating and regenera-
tion steps may be effected at substantially con-
stant but different temperatures.

I have now found that superior quality prod-
ucts may be produced in short cycle catalytic
¢racking processes of the described type by pro-
viding an increasing temperature gradient in the
reaction zone during the process period. I have
found that, although the same qualitative
changes take place in the treatment at both lower
and higher temperatures, these changes may be
suppressed by continuously increasing. the tem-
perature during the process period. Thus, by
gradually increasing the temperature conditions
in the catalyst bed during the process period,
the decline in octane number and lead suscepti-
bility with time is much slower, and equal or

. superior yields of gasoline having higher octane
- number may be produced. The process of the
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to obtain the benefit of short cycle operation it 75

present invention in its broader aspects there-
fore comprises passing the hydrocarbon to be
treated in contact with a fixed bed of regenerated
cracking catalyst of the clay type under the de-
sired treating conditions, gradually increasing
the temperature of the catalyst mass during the
treating period to a temperature approaching
that prevailing in the regeneration of the cata-
Iyst, and periodically regenerating the catalyst
by burning carbonaceous materials therefrom by
means of a combustion supporting gas.

The improvement in the quality of the gaso-
lines produced according to the process of the
invention is dependent upon and-is more or less
proportional to the magnitude of the time-tem-
perature gradient employed. This is illustrated,
for example, in the attached drawings, Figure VI,
wherein the oc¢tane number of the gasoline ob-
tained with g fixed process period and at the
same average temperature of 1050° F'. under typi-
cal conditions is plotted against the temperature
gradient in degrees per hours. It is seen that
substantial octane number increase of the gaso-
line may be obtained with a temperature gradient
as low as 20° per hour. The applicable tem-
perature gradients are, however, limited by the
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" thermal stability of the catalysts and, from an
economic standpoint, by the temperature em-

ployed in the regeneration. It is quite advan-
tageous to employ temperature gradients which
tend to bring the temperature of the catalyst
mass up to or approaching that used in the subse-
quent regeneration step. It is, however, inad-
visable to exceed this temperature. The regen-
eration temperatures which may be employed
depend upon the particular catalyst used. In
some cases the regeneration temperatures may
approach 1500° F.~1600° F', but in most cases they

- are usually between about 900° F. and 1400° F

In general, temperature increases in the process
period from about 50° up to 200° are most suit-
able.

It is to be particularly polnt.ed out that the

'3

-1 for the introductlon of the ga.ses required for

5]
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regeneration and purging. Spent regeneration
and purging gases are passed by sultable con-
nections to a lower manifold line 8.  Hydrocar-
bon to be converted is preferably preheated and
vaporized, such as by a suitable heating coil
9 in heater 8, and passes via line 10 to mani-
fold line i rrom which it is passed to one or
more converters on-stream via lines 12, 13, 14,
provided with valves 15, 16 and I7. .
The material fed to the heating coil § may be
any higher boiling hydrocarbon stock of any
origin, or any olefinic gasoline or naphtha frac-
tion. Preferred materials are, however, hydro-
carbon fractions which may be vaporized with-

. out substantial decomposition. Particularly suit-

actual advantage of the present method of oper- .
ation is materially greater than indicated in the

above.

'bers shown is over that obtalned by constant

temperature’ operation. -‘As previously noted,
however, the catalytic cracking of hydrocarbons
with clay-type catalysts particularly as present-
ly employed with short cycle operation, is effected
with a deécreasing time-temperature' gradient
during the process period. In fact, it is com-

‘mon to employ adiabatic-type catalyst cases
wherein the required heat is stored in the cat-.

alyst mass diring the regeneration period. In
such cases, there is a quite large temperature

drop in the catalyst mass durlng the conversion

period..
It 1s' known that, in certain’ catﬁytlc processes

whereln: the catalytic activity of the catalyst :

gradually declines during use, & certain exten-

‘sion of the useful life of” the catalyst may be
realized by increasing the temperature when the

conversion tends to drop. This expedient is

“utilized in these processes, however,‘as a means:
of increasing the effective life of the catalyst

and is entirely. different from the process of the
invention, . both in- purpose -and effect. The
present -process:is directed primarily to the im-
provement in the quality of the. products ob-
tained in short cycle catalytic cracking.

The- desired increase in' temperature in the

catalyst: jmass during the on-stream period may

- be effected ‘according to the present invention

by any: ‘sujtable means such, for instance, s by
the use of auxiliary heating coils in the ca.talyst
case, the use of heating media at increasing tem-
peratures ‘hy. preheating the hydrocarbon feed
to a higher temperature, and the like. Ac-
cording to a preferred embodiment of the in-
vention, the desired increase in the catalyst bed
temperature is effected most advantageously by

. methods illustrated in connection with the de-

_scription of the attached drawings, Figure VIIL

‘Referring to. the drawings, Figure VII illus-

The Improvement in the octane num- :
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- trates semi-diagrammatically a portion of a cat- -

alytic cracking plant adapted to the treatment
of hydrocarbons according to the process of the
invention. The assembly of apparatus {llustrated
comprises catalytic cases of conventional de-
sign 1, 2 and 3, a stripping column 4, pump §,
and heaber 6. Although three catalyst convert-
€rs are shown, it is understood that the appara- .
tus will- usually comprise. & larger number of
similar converters connected as shown. In prac-
tice, one of the converters is usually on regen-
eration or being purged while the remaining con-~
verters are on-stream and are in various stages
of their respective conversion periods. . Each
catalyst case is connected with manlfold line

able stocks are, for instance, chemically cracked
gasolines, olefinic naphthas, gas oils, kerosene
‘extracts, higher boiling polymers, heavier {rac-

tlons produced in the alkylation of olefines with

isoparafins, and the like. The hydrocarbon to -
be treated, preferably in the vapor phase and
at a sultable initial conversion temperature, con-
tacts the catalyst in the respective catalyst cases.
Any of the clay-type cracking catalysts of syn-
thetic or natural origin may be employed.. Such
catalysts usually contain either blends of silica
and alumina or activated hydrosilicates of alu-~
mina. Thus, for example, an acid-treated Death
Valley clay is very effective. Still more effective
‘catalysts are those produced synthetically by
depositing alumina in the order of 10-40 mol
per cent on silica or depositing stall quantities
of silica upon the surface of adsorptive alumina.
Boron silicate, aluminum ﬂuoride, aluminum
phosphate, magnesium flyoride, -either alone. or
in combination with other clay~like materials,
are also excellent catalysts. The catalysts may
also be impregnated with other metallic oxides
including those of nickel, copper, cobalt, thorium,
zirconfum, lanthanum, etc. which may act as
promoters in the cracking or regeneration steps,
or both. Also certain promoters may. be in-
troduced into the catalyst with the hydrocarbon
stream entering the reaction zone. Thus, for ex-
ample, when cracking certain hydrocarbon stocks .-
it is advantageous to pass small quantities of
such materials as the hydrogen halides, organic
halides, boric acid, etc.,, through the -reaction
zone with the hydrocarbon to be cracked. The .
catalyst may, if desired, be used in any other
conventional form, such as pellets produced by
compression or extrusion methods, or the like.
The cracked products leave the respective cat-
alyst cases via lines 8, {9 or 20, provided with
vales 21, 22 and 23, to & manifold line 24 and -
pass to a stripping column-4. In the stripping

column 4 the lower boiling cracked products are

separated from higher boiling uncracked mate-
rial and are conveyed overhead via line 28 to &
conventional stabilizing plant (not shown), The

“higher bolling uncracked material is continu-’

' ously withdrawn from the lower portion of the’

- " stripping column #& via line 26 pump §, and line
< 21.

A portion of the uncracked material may,
if desired, be withdrawn via valve line 28, An-
other portion may, if desired, be recycled o line

. 24 to serve as'a quenching medium. 'A.further .

" and substantial portion is passed through a heat-

ing coil 29 in a suitable furnace ¢ wherein It is

_ heated to a temperature appreciably above that

5

of the feed in manifold line {1. The heated bot-
toms from' the stripping tower, hereinafter re--

“ferred to as recycle stock, pass from heating coil

28 to a manifold line 30 which in turn is connect-
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ed with each of the converters via lines 31, 32
and 33 provided with valves 34, 35 and 36. By
appropriate manipulation of the valves control-
ling the flow of the feeds from the two mani-
folds to the various converters which are process-
ing, for instance, valves 15 and 34 for converter
I, it is possible to vary the proportion of the
hotter and colder feeds to the catalyst case dur-
ing the process period. 'Thus, by continuously
or intermittently opening valve 34 and simulta-
neously throttling valve 15, for instance by an
automatic timing mechanism (not shown) con-

nected to both valves, the temperature in the

converter may be gradually increased during the
process period without substantially changing the
throughput or space velocity. Thus, at the be-
ginning of the process period the largest propor-
tion of the cooler feed enters the converter via
line 12 and just prior to the end of the process
period the largest proportion of the hotter feed
enters the reactor via line 3{. In such cases
where it is not desired to employ recycle, the feed
' may be simply split into two portions which may
be heated to different temperatures

X claim as my invention:

1. In a process for the catalytic cracking of
higherboiling hydrocarbons to produce high anti-
knock hydrocarbons of the gasoline boiling range
‘wherein the hydrocarbon to be cracked is con-
tacted under cracking conditions with a fixed bed
of a cracking catalyst of the clay type and the

.catalyst is periodically regenerated by burning-

carbonaceous deposits therefrom in situ- with a
stream of combustion supporting gas in an op-
.eration employing a process period of not more
than three hours, the improvement which com-
prises effecting the catalytic cracking simulta-
neously in a plurality of catalytic converters in
parallel, continuously separating uncracked hy-
drocarbon from the product, preheating and re-
cycling said separated uncracked hydrocarbon
to the catalytic converters, feeding fresh hydro-
carbon to be cracked at a lower temperature than
said recycled hydrocarbon to the catalytic con-
verters, and continuously increasing the propor-
tion of said hotter recycled material to each con-
verter during the process periods, thereby caus-
ing an increasing temperature gradient in the
catalytic converters during each of their respec-
tive process periods of at least 20° F. per hour.
2. In a process for the catalytic cracking of
higher boiling hydrocarbons to produce high

10
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anti-knock hydrocarbons of the gasoline boiling
range wherein the hydrocarbon to be cracked
is contacted under cracking conditions with a
fixed bed of a cracking catalyst of the clay type
and the catalyst is periodically regenerated by
burning carbonaceous deposits therefrom in situ
with-a stream of combustion supporting gas in
an operation employing a process period of not
more than three hours, the improvement which
comprises preheating a portion of the hydrocar-
bon feed to be cracked to a higher temperature
than the remainder, and increasing the propor-
tion of hotter hydrocarbon feed to the reaction
zone during each process period thereby creat-
ing an increasing temperature gradient in each
process period of at least 20° F. per hour.

3. In a process for the catalytic treatment of
hydrocarbons at a temperature in the cracking
range to produce high anti-knock hydrocarbons
of the gasoline boiling range wherein the hydro-
carbon to be treated is contacted with a fixed
bed of a cracking catalyst of the clay type and
the catalyst is periodically regenerated by burn-

. ing carbonaceous deposits therefrom in situ with

a stream of combustion-supporting gas in an op-
eration employing a process period of not more

than three hours, the improvement which com-

prises preheating a portion of the hydrocarbon
feed to be treated to a higher temperature than
the remainder and increasing the proportion of

- hotter hydrocarbon feed to the reaction zone dur-

40

ing each process period, thereby creating an in-
creasing temperature gradient of at least 20° F
per hour.

4. In a process for the catalytic isoforming of
an olefinic hydrocarbon fraction wherein the
fraction to be isoformed is contacted under iso-
forming conditions with a fixed bed of a crack-
ing catalyst of the clay type and the catalyst
is periodically regenerated by burning carbona-
ceous deposits therefrom in situ with a stream
of combustion-supporting gas in an operation
employing a process period of not more than

» - three hours, the improvement which comprises

preheating a portion of the hydrocarbon feed
to be isoformed to a higher temperature than
the remainder and increasing the proportion of
hotter hydrocarbon feed to the reaction zone
during each process period, thereby creating an
increasing temperature gradient of at least 20°
F. per hour.
GEORGE E. LIEDHOLM.



