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This invention relates to the production of gasoline
from higher boiling oils by controlled cracking using fine-
ly divided catalyst. More particilarly, the invention re-
lates to a combination of particular arrangements and
conditions in such a process whereby conversions consid-
erably higher than those economically possible by the
hitherto known processes may be obtained. Also, there
are obtained considerably increased yields of gasoline
and significantly decreased yields of coke.

Since the primary purpose of the process kmown as
catalytic cracking is to produce gasoline from heavier
hydrocarbon oils, it has been the aim to operate the proc-
ess in ‘a manner and under conditions calculated to maxi-
mize the gasoline production, A large body of experi-
mental data, and practical experience, led to the establish-
ment of a narrow range of conditions wherein this de-
sired maximum economical gascline yield is thought to
be achieved and such conditions are invariably used in
commercial practice.

The depth of conversion of the oil during the cracking
operation depends upon the so-called severity factor which
in any given system with a given catalyst is primarily a
function of the temperature and space velocity and sec-
ondarily a function of the activity of the catalyst. The
conversion is defined as 100 minus the percentage of
recovered oil boiling above 450° F. Numerous investi-
gations, and experience in practice, have shown that the
practical temperature range in fluid catalytic cracking lies
somewhat under 1000° F., e.g., 900-950° F. Using such
temperatures, the space velocity is adjusted to give a con-
version corresponding to the optimum gasoline yield. “As
the depth of conversion is increased from a low conver-
sion the gasoline yield rises, passes through a rather flat
maximum, and then begins to fall. The coke production
on the other hand, rises slowly at first and then more
steeply as the depth of conversion is increased. While the
optimum point on the relatively flat gasoline yield curve
varies somewhat with different feeds, it is found to lie
close to 55% and a depth of cracking around this figure
is commonly used in commercial practice.

If it is desired to crack more deeply than around 55%,
it is the practice to do so by recycling the catalytic gas
oil rather than by increasing the severity of the conditions.
By using a combined feed ratio as high as 2.0, a total
conversion based on the fresh feed of around 60% is
usually possible. This operation is not uncommon al-
though its profitability is marginal due to the fact that
cycle oil backs out virgin feed.

Figures I and 11

In order that the above mentioned facts may be clearly
understood, they are reproduced in graphical form in
Figures I and II of the accompanying drawing, In Figure
I there are shown the conversion vs. gasoline yields for
conventional fluid catalytic cracking of a typical flashed
distillate feed (ex West Texas crude) and for combined
feed ratios of 1.5 and 2.0. The curves for other com-
bined feed ratios between 1.0 and 2.0 are not shown but
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have a similar shape and fall between the curves shown.
The flat maxima are easily seen. It is seen that maximum
gasoline may be obtained at a maximum conversion of
60% at a combined feed ratio of 2.0. This increased
conversion to gasoline at a combined feed ratio of 2.0 is
obtained at the expense of cutting the throughput capacity
of the plant approximately in half.

Figure II shows the total process coke in percent by
weight vs. the conversion for ordinary catalytic cracking
(combined feed ratio==1.0) of the same feed and may
be correlated with the data in Figure I.

While the described process is overall the most efficient
of the known processes and is for that reason the process
used in industry, it has for some time been recognized
that the same gasoline production can be achieved using
several variations of the processing technique. For in-
stance, it is known that certain oils and certain fractions
of a given oil are sometimes best treated under somewhat
different processing conditions to achieve the mentioned
optimum conversion. Various suggested methods have
been proposed where different stocks or fractions thereof
are separately cracked. This suggestion, which is prac-
tical in certain cases has been extended in numerous
patents to the separate cracking of the cycle stock under
relatively more drastic conditions. It has also been sug-
gested to effect the catalytic cracking with various modi-
fied methods of handling the powdered catalyst and oil
to be cracked. These suggested variations sometimes of-
fer advantages in lower operating costs, the production
of gasoline of slightly better octane number, and the like
improvements, but no such process has been described
which shifts the maximum 'gasoline yield and product
value appreciably into the region of higher conversions.

In the past it has been possible to achieve higher con-
versions than the optimum described above but only at
the disadvantage of a decrease in selectivity to gasoline
production and considerably increased coke yields. This
greatly decreases the efficiency of the operation and great-
ly increases the plant and operating costs. The process
of the present invention provides a great improvement
over the prior known and suggested methods since, by
the particular method of handling in combination with
the special processing conditions, the point of maximum
gasoline yield is shifted to much higher conversion levels.
This in jtself would represent a major improvement. The
gasoline yield is increased over the maximum hitherto
though optimum and this allows a very much greater gaso-
line production. In addition to this, however, the present
process affords two other advantages which are important.
The first is that the recycle may be employed with less
loss in throughput capacity. Furthermore, due to the in-
creased selectivity and, contrary to all previously recog-
nized practice, operation at the greater depths of con-
version in the present process actually produces less coke
than conventional operation at lower conversion and low-
er gasoline yields.

In the present process, extensive work has shown that a
combination of the following conditions is essential:

(1) The oil to be cracked must be subjected to at least
two separate vapor phase catalytic cracking operations
which will hereinafter be referred to as first and second
stage cracking.

(2) The oil must be cracked at a high temperature of
at least about 1000° F. in the first stage.

(3) The oil must be cracked at a lower temperature,
preferably about 100° F. lower in the second stage.

(4) The oil must be cracked in the first stage with
freshly regenerated catalyst and not partially spent cala-
lyst-from some previous operation. '

(5) The residence time of the catalyst in the first
stage cracking operation must be very short, not more

than about 12 seconds, and in this stage a so-called dense
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catalyst phase (pseudo liquid phase) must be avoided.
These conditions require that the first stage cracking
be carried out in a tubular reactor of essentially uniform
diameter at fairly high linear velocities above the critical
velocity. The critical velocity Is the superficial gas veloci-
ty above which the solid will not tend to separate into a
pseudo liquid phase. It depends upon the nature of the
catalyst and the properties of the gas phase. It is to be
pointed out that the well known “upflow type” reactor
does not meet these specifications.

(6) The residence time of the catalyst in the second
stage cracking zone must be considerably longer than
in the first stage, and is in general at least two minutes,
e.g., six minutes.

(7) The conditions of temperature and space velocity
must be adjusted such that the major conversion (at least
40% conversion) takes place in the first cracking stage.

(8) The conditions of temperature and space velocity
must be adjusted such that the conversion in the second
stage cracking step is less than that in the first stage.
It ranges according to circumstances between about 10%
and about 40% depending on the feed.

(9) The gasoline produced in the first stage cracking
operation must be separated before the oil heavier than
gasoline passes to the second stage cracking operation.

Aside from these conditions, which are necessary, and
some of which are not individually novel, the process is
not critically dependent upon the manner of operation.
Thus, the process may be advantageously used to crack
the usual run of cracking stocks. It may be applied for
the cracking of reduced crude petroleum but is prefer-
ably used for the cracking of cleaner stocks such as dis-
tillate or deasphaltized stocks. The process is particu-
larlylarly suited for the treating of gas oils of wide boil-
ing range such, for instance, as distillates obtained by
two-stage flashing of reduced crude, or made up of flashed
distillate and deasphaltized flasher residue. It is to be
understood however that the process is also advantageous
for the cracking of narrow range stocks such as light
straight-run gas oil, heavy straight-run gas oil, coker dis-
tillate and the like, previously used as catalytic crack-
ing feed stocks.

Any of the solid cracking catalysts suitable for the so-
called fluidized catalyst catalytic cracking process may be
used. Although there are numerous other applicable
catalysts, those coming primarily into consideration to-
day are the so-called natural or clay catalysts such as
the various grades of Filtrol catalyst, synthetic silica-
alumina composite cracking catalysts, and synthetic silica-
magnesia composite cracking catalysts. The catalyst may
be in the form of powder, e.g., passing for the most part
a 100-mesh U.S. standard sieve, or in the form of small
spheroidal particles such as produced by spray drying
techniques. The only prerequisite as to size and form
is that the catalyst be suitable for handling by the so-
called fluidized catalyst technique.

As previously pointed out, the conditions required in
the first stage cracking step impose severe limitations as
to the type of equipment and method of handling in that
step. The second step, on the other hand, is relatively
free of such limitations and various conventional types
of reactors may be employed. The only essential limita-
tion is that the second stage reactor must be capable of
allowing the depth of conversion to be controlled in the
conversion range and at the temperature levels indicated.

The remaining parts of the process, €.g., the catalyst
regeneration, catalyst stripping, method of producing the
static heads required for catalyst circulation, and the
like, may follow the conventional practices.

Figure I

As pointed out above, it is important in the present
process that the temperature be higher in the first or
dispersed phase cracking step than in the second or dense
phase cracking step. It is well known that in ordinary
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catalytic cracking the yield of gasoline at any given con-~
version decreases with increasing temperature. This is
illustrated in the graph shown in Figure III, wherein
the gasoline yields obtainable from a typical flashed dis-
tillate feed stock by conventional dense phase catalytic
cracking at different cracking temperatures are shown at
constant conversion near the optimum, It will be seen
that the yields decline as the temperature is increased.
It is for this reason that temperatures in the range of
850° F. to 950° F. and usually about 900° F. are chosen
for commercial operation.

It is found unexpectedly that the above correlation does
not hold when the cracking is effected with the catalyst
entirely in the dispersed phase, ie., no pseudo liquid
phase is present. In this case, it is found that the gaso-
line yield at constant conversion is independent of the
cracking temperature.

The two facts described and illustrated above would
indicate that the cracking steps could be equally well
carried out at a low temperature, e.g., 900° F. However,
such operation does not afford the advantageous results
of the present process. As pointed out above, it is essen-
tial in the present process that the temperature in the
first cracking step be above that in the second cracking
step. Thus, the temperature in the first cracking step is
preferably at least 1000° F., whereas the temperature in
the second cracking step is preferably considerably lower,
e.g., about 900° F. Part of the heat required to attain
the reaction temperatures may be imparted by preheat-
ing the feed. The remaining heat is supplied by the cata-
lyst heated during regeneration thereof. The reason for
the necessity of the lJow temperature in the second crack-
ing step will be apparent from the above. The high tem-
perature in the first cracking step is necessary to obtain
the necessary conversions with the short contact time
dispersed phase conditions in this first cracking step, for,
as pointed out above, an essential feature of the process
is that the major conversion (at least 40% conversion)
be effected in the dispersed phase cracking step. The
importance of this condition will be evident from the
data present in the following figures of the drawing.

Figure IV

The graph given in Figure IV of the drawing shows
the effects of varying the conversion in the first or dis-
persed phase cracking step at different levels of con-
stant coke make. The data refer to the catalytic crack-
ing of a typical West Texas flashed distillate feed accord-
ing to the method of the invention where the tempera-
ture in the first cracking step was 1000° F. and that in
the second cracking step was 900° F. The total con-
versions, i.e., the combined conversions of the dispersed
phase and dense phase cracking steps, based on the fresh
feed, are plotted on the abscissa and the C;4 gasoline
yields are plotted on the ordinate in weight percent of
the feed. As indicated by suitable labels, the individual
curves of the family shown are for constant total coke
makes of 4, 5, 6, and 7%, respectively. The small num-
bers opposite the points represent the conversions in the
dispersed phase cracking step. Referring to Figure IV,
it is seen that, with this particular feed and these particu-
lar temperatures, the maximum gasoline yields are ob-
tained at about 65, 68, 72, and 74% conversions for total
coke makes of 4, 5, 6 and 7%, respectively, and that, in
each case, the optimum gasoline yield is dependent upon
the degree of conversion obtained in the dispersed phase
cracking step. In all cases the yield drops off consider-
ably if the conversion in the first cracking step is below
or above a critical figure, which in this case is slightly
above 40%. With other feeds and variations in the
cracking temperatures in the respective steps, the opti-
mum first stage cracking conversion is equally sharp, al-
though it may be higher. Thus, in other typical cases,
the gasoline yields all peak at about 45% and 55% con-
version in the dispersed phase step. In all cases, the first



2,056,003

5

stage conversion is appreciably greater than the second
stage conversion at optimum gasolme ylelds, being at
least 40%, whereas the total conversions in the region
of practlcal coke makes it between about 65 to 75%.
These maximum gasoline yields, it will be noted, are
much higher and obtained at much higher total conver-
sions than obtainable with conventional catalytic crack-
ing and are even hlgher than obtainable with dense phase
catalytic cracking, using a recycle operatlon w1th a com-
bined feed ratio as high as 2.0.

In order to obtain the indicated hlgh- conversion in the
dispersed phase cracking step where the contact time is
short and the catalyst density is low, it is necessary that
the catalyst used in this step be freshly regenerated cata-
lyst and not a catalyst part1ally carbonized in a prevxous
crackmg step.

Figure V

As pomted out above, the present process not only
allows maximum and much higher gasohne yields to
be obtained at much higher conversion levels, but it
also affords a considerable reduction in coke make de-
spite the higher conversions. This may be seen from
the data presented in the graph shown in Figure V
wherein the total coke makes vs. total conversions are
plotted for conventional catalystic cracking of West
Texas flashed distillate (curve A), and for the process of
the invention in the case where the dispersed phase
cracking step is carried to a conversion of 45% (curve
B). There was no recycle in either case. Referring to
Figure I, it will be seen that the maximum gasoline yleld
for conventional catalytlc cracking of this stock is at
about 53% conversion. Referring to Figure V, it is seen
that the total coke make at this conversion with conven-
tional catalytic cracking is about 9%. It is also seen
that at all conversions up to 71.5%, the coke make by
the present process is lower than at the maximum gaso-
line yield in conventional catalytic cracking. Thus, ac-
cording to the present process, without recycle, a conver-
sion of 69% may be obtained with less coke than ob-
tained in conventional catalytic cracking of the same
feed stock under optimum conditions at a conversion of
only 50%. This feature in itself is a most substantial
and unexpected advance in the art of catalytic cracking
and would warrant application of the process, even in
the absence of the other larger advantages pointed out.

- Part of the reason for the considerably lower coke
make at any given total conversion obtained by the pres-
ent process lies in the fact that, as a consequence of the
‘particular conditions and sequence used, the catalyst-to-
oil .ratios required are lower than required in the proc-
‘esses used heretofore. This will be understood from the
data shown in Figure VI now to be described.

Figure VI

It has been found that the so-called coke make in
‘catalytic cracking is dependent, not solely, but to a
considerable degree, upon the so-called catalyst-to-oil
ratio which is the ratio of the weights of catalysts and
oil charged to the reactor. The coke make increases as
this ratio increases. This is probably due largely to the
effect of impurities which invariably contaminate the
catalyst during use. Considerable evidence has been
found that these contaminants catalyze the formation of
coke at a slower rate than that at which the cracking
‘takes place. In the present process, where the residence
time of the catalyst in the first reaction zone is main-
tained very short, these contaminants are not given
enough time to exert their full effect and, since the major
conversion is effected in this first zone a good part of the
job is completed before much coke is produced. Fur-
thermore, as the amount of coke produced is decreased,
the amount of catalyst that must be circulated to main-
[tain the plant in heat balance is decreased. In the par-
‘ticular method of operation, according to the invention,
“these two factors pyramid or multiply so that, as a re-
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sult, much lower coke makes are obtained at loweér cata-
lyst-to-oil ratios per degree of comversion. This is il-
lustrated in Figure VI wherein there are plotted again
for the same West Texas feed stock the catalyst-to-oil
ratios required for heat balance vs. the total conversion
for conventional catalytic cracking, both with and with-
out recycle (curves A and B), and for the operation of
the invention with and without the same recycle ratio in
the second cracking stage only (curves C and D). . Re-
ferring to Figure VI, it will be seen that for conventional
catalytlc cracking of this typical feed to an optimum
conversion of 50%, a catalyst-to-oil ratio of about 15 to
1 is required, whereas in the operation according to
the invention a catalyst-to-oil ratio of 15 to 1 affords a
conversion of about 70.5%. .

Figures VII and VIII

Having shown the effects of various individual factors
through comparative experimental data, the overall effects
of the factors forming a part of the process will now be
shown. Figure VII of the accompanying drawing shows
graphically the gasoline yield in weight percent vs. the
conversion in weight percent in cracking the same West
Texas flashed distillate in a conventional dense phase
system (curve A) and, according to the method of the
invention for the particular case in ‘which the conversion

in the dispersed phase step was maintained at 45% by

weight (curve B), both operations without recyle. The
improvement is apparent and very great. Thus, whereas
in conventional demse phase cracking under optimum
conditions ‘thé conversion is about 53.5% by weight

-with a yield of Cs—450° F, gasoline of about 28.5% by

weight, the optimum conversion by the process of the
invention is about 69% by weight with a yield of Cs—
450° F. gasoline of about 39.5% by weight. The above
comparison shown in Figure VII is for the case where
no recycle is employed.

As pointed out above the gasoline yield can be in-

creased (at the cost of decreased plant capacity) by

recycling at least part of the catalytically cracked gas
oil. In the conventional operation at a combined feed
ratio of 2.0, the plant throughput is approximately halved.
The comparison in the recycle case is shown in the graph
given in Figure VIII. To take the extreme case, the
comparison is made at a combined feed ratio of 2.0.
In the case of the present process the dispersed phase
cracking step is again maintained at a conversion of 45%
by weight. Referring to Figure VIII, it is seen that in
the case of dense phase catalytic cracking (curve A),
a maximum gasoline yield of about 36.7% by weight
is obtained at a conversion of about 60%. In the process
of the invention (curve B) a maximum gasoline yield
of about 43.5% is obtained at a conversion of about
71.5%. 1t is to be pointed out that the advantage of the
process of the invention is much greater than would ap-
pear at first glance from these figures since in the case
of conventional fluidized cracking with recycle a com-
bined feed ratio of 2.0 cuts the piant capacity approxi-
maiely in half, whereas in the process of the invention
where the recycle is only in the second cracking step,
the plant capacity is reduced by such recycling only by
about half this amount.

Figures IX and X

In the above, the comparisions have all been made on
the basis of gasoline yields whereas in practice a certain
minor amount of valuable by-products, chiefly gaseous
olefins, is obtained. It is therefore proper, if not pref-
erable, to base the comparison on the total value of the
products obtained rather than on the gasoline alone, al-
though this is by far the most important item. Such a
comparison is given, based upon comparative pilot plant
data, in the graphs shown in Figures IX and X. Figure
IX shows the product values obtained under optimum
and near optimum conditions for conventional ‘dense
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phase cracking (curve A) and for the process of the in-
vention (curve B)—again at 45% dispersed phase con-
version. In this case, since product values are considered,
the depths of converion are important only in showing
the effects of the total conversion in a given case upon
the product values obtained. Referring to Figure IX,
it is seen that for the case without recycle the optimum
dollar value of the products obtained from 100 pounds
of feed in the conventional dense phase cracking is about
1.49, whereas in the process of the invention the optimum
value is about 1.75.

The corresponding case for recycle operation to a com-
bined feed ratio of 2.0 is shown in Figure X in which
the optimum product values are about 1.61 and 1.80,
respectively. These figures translated into plant oper-
ations, e.g., a plant of 35,000 barrels per day input,
mean an increased product value of about $25,000 per
day for the mon-recycle case. In the recycle case the
increased product value is about $19,000 per day at
equal throughput rates, but, as pointed out above, re-
cycle operation cuts down the throughput in the con-
ventional operation approximately twice as much as in
the process of the invention and, therefore, the increase
in product values actually obtainable is somewhat greater
than in the non-recycle case.

All of the experimental data shown in the -above
were obtained using a commercial equilibrium silica-
alumina cracking catalyst.

Figure XI

The process of the invention will be described more
particularly with respect to a speific and preferred oper-
ation. In this description, reference will be had to the
accompanying drawing, Figure XI, which diagrammati-
cally illustrates the more important vessels and flow
lines of a catalytic cracking plant suitable for operation
in accordance with the invention. Referring to the Figure
XI, the feed stock entering by line 1 and at a temperature
of about 810° F. is mixed with hot regenerated catalyst
from the regenerator standpipe 2 and the mixture is
passed up through the tubular reactor 2 which is the first
stage reactor. The feed in this specific case is a mixture
of flashed distillate produced by vacuum flashing a West
Texas straight-run residue, and heavy deasphaltized oil
produced by propane deasphaltizing the residue from the
said flashing operation. The catalyst is a so-called equi-
librium synthetic silica-alumina composite cracking cata-
lyst in the form of a power passing a 100 mesh standard
sieve and having an available surface of about 100 square
meters per gram. The reactor tube 3 is approximately
2.5 feet in diameter and 109 feet long. The linear velocity
of the vapors in the reaction tube is about 42 feet/second
under which conditions the catalyst is carried concur-
rently as a dispersed suspension in the oil vapor with
little slippage and a residence time about 4 seconds. The
hot regenerated catalyst introduced from the regenerator
standpipe 2 has a temperature of about 1110° F. The
temperature of the mixture in the reaction tube is about
1015° F. pear the inlet and about 1005° F. near the
outlet. The space velocity is adjusted to give a conver-
sion of 52%.

Since it is important that the residence time of the
catalyst with the oil in the first stage cracking step be
kept very short, it is essential that efficient means be
provided for rapidly separating the catalyst from the oil
in the mixture issuing from the first stage reactor. This
rapid separation is effected in a cyclone type separator 4.
Any efficient separator may be used.

As pointed out, it is essential that the gasoline produced
in the first stage cracking step be separated before con-
tacting the oil in the second cracking stage. Thus, the
total product vapors from the cyclone separator 4 are
passed to a fractionator 5 wherein they are quenched and
fractionated to separate the gasoline as an overhead vapor
fraction from the remaining oil which is recovered as a
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lower liquid fraction. The gasoline+gas fraction is with:
drawn by line 6.

The catalyst collected in the cyclone separator 4 has
been in contact with oil for only a very short time. This
catalyst is passed from the cyclone separator to the second
stage reactor 7. The second stage reactor illustrated is
-a so-called downflow fluidized catalyst reactor of substan-
tially conventional design. - The reaction takes place ina
dense or pseudo liquid bed of the catalyst therein and no
substantial amount of the catalyst is carried out of the top
of the reactor with the effluent vapors, The residence time
of the catalyst in the reactor 7 is about 5 minutes and the
temperature is about 910° F. The oil from the fraction-
ator 5 is withdrawn by line 8 and pumped into the second
stage reactor. The space velocity (adjusted by adjusting
the bed level in the reactor) is adjusted such that the
conversion is limited to 21%. This, when added to the
529 conversion in the first stage cracking zone, gives a
total conversion of 73%.

The vapors from the second stage cracking reactor are
also passed to a fractionator to separate the gasoline from
unconverted oil. Thus in a preferred embodiment these
vapors are passed by line 9 to fractionator 10 wherein gas
and gasoline are separated as an overhead product and
withdrawn by line 11. The bottoms from fractionator
10 are in part passed along with the bottoms from frac-
tionator 5 to reactor 7 and the remainder is withdrawn
from the system. In an alternative embodiment fraction-
ator 5 is eliminated and the vapors from both reactors 3
and 7 are passed directly to fractionator 10. The coke
production is 4.8% based on the feed.

Catalyst is withdrawn from the second stage reactor by
line 12 and passed to the regenerator with air by line 13.

It is emphasized that, while the cracking is effected in
two or more stages in the present process, and this is
essential, the main importance is in the particular condi-
tions and sequence of conditions giving the controlled
cracking in the stages. The results noted are not obtained
merely by effecting the cracking in a number of stages.

In the above, the process of the invention has been
described in the form of the two-step process extensively
studied and developed to a commercial process. It is to
be pointed out that the same, or even somewhat greater
advantages, may be obtained but at a considerably in-
creased cost of the plant by employing three steps instead
of two, provided that the added step has the effect of split-
ting the described first step into two parts with fraction-
ation of the product after each step. In this case, the con-
version in each of the two dispersed phase cracking steps
may be less than 40% but their sum is at least 40%, and
preferably at least 50%. Both dispersed phase operations
are effected at a high temperature.

Various attempts to increase the yield of gasoline in
catalytic cracking have generally resulted in producing
gasoline of inferior anti-knock properties. The gasoline
produced by the present process has an unblended octane
number at least equal to that produced at similar con-
versions in conventional cracking. However, the blending
octane number of the gasoline produced by the present
process is in all cases higher when the gasoline is evaluated
in the presence of appreciable concentration of saturates
which more nearly corresponds to its condition in finished
blended gasoline.

Also the gasoline produced by the present process has
a higher average molecular weight and therefore a lower
vapor pressure than gasoline produced from the same feed
by conventional cracking. If the yield comparisons are
made on the usual basis of 10 pound RVP the yield ad-
vantages are therefore even more pronounced.

This application is a continuation-in-part of copending
application Serial Number 436,004, filed June 11, 1954,
now abandoned.

‘We claim as our invention:

1. Process for the production of gasoline and related
products by the catalytic cracking of hydrocarbon oils
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boiling éssentially above gasoline which comprises passing
the oil to be cracked through a first reaction zone in the
vapor phase, passing simultaneously through said first
reaction zone in contact with said oil a freshly regenerated
finely divided solid cracking catalyst, said passage of
catalyst through said reaction zone being at such a rate
that the residence time of the catalyst in said zone is not
above 12 seconds, the horizontal cross-section of said first
reaction zone being such that the linear velocity is above
that at which the solid catalyst will separate into a pseudo
liquid phase, the temperature in said reaction zone being
at least about 1000° F., said oil being passed at a space
velocity adjusted to provide a conversion of at least 40%
removing hydrocarbon oil vapors substantially free of
catalyst from said reaction zone and cooling and distilling
them tfo separate an intermediate oil boiling essentially
above gasoline therefrom, passing catalyst from said first
reaction zone after a residence time therein of less than 12
seconds to a second reaction zone of such size that the
residence time therein is considerably longer than in said
first reaction zone, maintaining said second reaction zone
at a temperature below the said first reaction zone and
between about 850° F. and 975° F., passing the above
said intermediate oil through said second reaction zone
in contact with the partially used catalyst therein at a
space velocity adjusted such that the conversion therein is
between about 10% and about 40%, removing hydrocar-
bon oil vapors from said second reaction zone and cooling
and separately distilling the same to separate the gasoline
produced.

2. Process for the production of gasoline and related
products by the catalytic cracking of hydrocarbon oils
boiling essentially above gasoline which comprises passing
the oil to be cracked through a first reaction zone in the
vapor phase, passing simultaneously through said first
reaction zone in contact with said oil a freshly regenerated
finely divided solid cracking catalyst, said passage of
catalyst through said reaction zone being at such
a rate that the residence time of the catalyst
in said zome is not above about 12 seconds, the
horizontal cross-section of said first reaction zone
being such that the linear velocity is above that at
which the solid catalyst will separate into a pseudo liquid
phase, the temperature in said reaction zone being at least
about 1000° F., said oil being passed at a space velocity
adjusted to provide a conversion of at least 40%, remov-
ing hydrocarbon oil vapors substantially free of catalyst
from said reaction zone and cooling and distilling them
to separate an intermediate oil boiling essentially above
gasoline therefrom, passing catalyst from said first reac-
tion zone after a residence time therein of less than 12
seconds to a second reaction zone of such size that the
residence time therein is considerably longer than in said
first reaction zone, maintaining said second reaction zone
at a temperature below the said first reaction zone and
between about 850° F. and 975° F., passing the above
said intermediate oil through said second reaction zone in
contact with the partially used catalyst therein at a space
velocity adjusted such that the conversion therein is be-
tween about 10% and about 40%, removing hydrocarbon
oil vapors from said second reaction zone and cooling and
separately distilling the same to separate the gasoline pro-
duced from a cycle oil boiling essentially above gasoline,
cycling a part of said oil with said intermediate oil to said
second reaction zone.

3. The process of catalytically cracking higher hydro-
carbon oils in the vapor phase with a continuously re-
generated and recycled finely divided catalyst compris-
ing a combination of steps having the following ten fea-
tures: (1) the oil to be cracked is subjected to at least
two separate vapor phase catalytic cracking operations
referred to hereinafter as first and second stage cracking;
(2) the oil is cracked at a high temperature of at least
1000° F. in the first stage; (3) the oil is cracked at a
lower temperature between 850° F. and 975° F. in the
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'setond stage; (4) the oil is cracked in the first stage

with hot freshly regenerated catalyst; (5) the residence
time of the catalyst in the first stage cracking zone:is
very short and not more than 12 seconds, and the catalyst
is maintained entirely in the dispersed phase as con-
trasted to a ‘so-called denise or pseudo liquid catalyst

-phase; (6) the residence time of the catalyst in the sec-

ond stage cracking zone is considerably longer than in
the first stage cracking zome; (7) the conditions. of
temperature. and space velocity in the first stage crack-
ing zone are adjusted such that the major conversion,
and at least 40% conversion, takes place in the first
cracking stage; (8) the conditions of temperature and
space velocity are adjusted such that the conversion in
the second cracking stage is less than that in the first
cracking stage and lies between about 10% and about
40%; (9) the gasoline produced in the first stage crack-
ing operation is separated before the oil is passed to the
second stage cracking operation; (10) the products from
the two stages of cracking are separately fractionated
to recover the gasoline therefrom.

4. Process for the production of gasoline and related
products by the catalytic cracking of hydrocarbon oils
boiling essentially above gasoline which comprises pass-
ing the oil to be cracked through a first reaction zone in
the vapor phase, passing simultaneously through said
first reaction zone in comtact with said oil a freshly
regenerated finely divided solid cracking catalyst, said
passage of catalyst through said reaction zone being at
such a rate that the residence time of the catalyst in said
zone is not above about 12 seconds, the horizontal cross-
section of said first reaction zone being such that the
linear velocity is above that at which the solid catalyst
will separate into a pseudo liquid phase, the tempera-
ture in said reaction zone being at least about 1000° F.,
said oil being passed at a space velocity adjusted to pro-
vide a conversion of at least 40%, removing hydrocar-
bon oil vapors substantially free of catalyst from said
reaction zone and cooling and distilling them to separate
an intermediate oil boiling essentially above gasoline
therefrom, passing catalyst from said first reaction zone
after a residence time therein of less than 12 seconds to
a second reaction zone of such size that the residence
time therein is considerably longer than in said first re-
action zone, maintaining said second reaction zone at a
temperature below the first reaction zone and between
about 850° F. and 975° F., passing the above said in-
termediate oil through said second reaction zone in con-
tact with the partially used catalyst therein at a space
velocity adjusted such that the conversion therein is
between about 10% and about 40%, removing hydro-
carbon oil vapors from said second reaction zope and
cooling and distilling the same to separate the gasoline
produced from a cycle oil, cycling a part of said cycle
oil with said intermediate oil to said second reaction zone.

5. Process for the production of gasoline and related
products by the catalytic cracking of hydrocarbon oils
boiling essentially above gasoline which comprises pass-
ing the oil to be cracked through a first reaction zone in
the vapor phase, passing simultaneously through said
first reaction zone in contact with said oil a freshly re-
generated finely divided solid cracking catalyst, said pas-
sage of catalyst through said reaction zone being at such
a rate that the residence time of the catalyst in said zone
is not above about 12 seconds, the horizontal cross-sec-
tion of said first reaction zone being such that the linear
velocity is above that at which the solid catalyst will
separate into a pseudo liquid phase, the temperature
in said reaction zone being at least about 1000° F., said oil
being passed at a space velocity adjusted to provide a
conversion of at least 40%, removing hydrocarbon oil
vapors substantially free of catalyst from said reaction
zone and cooling and distilling them to separate an in-
termediate oil boiling essentially above gasoline there-
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from, passing catalyst from said first reaction zone after
a residence time therein of less than 12 seconds to a
second reaction zone of such size that the residence time
therein is considerably longer than in said first reaction
zone, maintaining said second reaction zone at a tem- B
perature below the first reaction zone and between about
850° F. and 975° F., passing the above said intermedi-
ate oil through said second reaction zone in contact with
the partially used catalyst therein at a space velocity ad-
justed such that the conversion therein is between about 10

10% and about 40%, removing hydrocarbon oil vapors
from said second reaction zone and cooling and distilling

the same to separate the gasoline produced.
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