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1. 

2,981,674 
PRODUCTION OF GASOLINE BY THERMAL 
CRACKING, CATALYTIC CRACKING AND 
REFORMING . . . ; . . . . ; 

George M. Good, Port Chester, N.Y., assignor o Shell 
Oil Company, a corporation of Delaware 
Fied Oct. 24, 1955, Ser. No. 542,151 

4 Claims. (CI. 208-70) 

This invention relates to the production of high octane 
gasoline from hydrocarbon oils of low value, particularly 

O 

5 

residues, and similar materials which are poor feedstocks 
for catalytic cracking. 
The object of the invention is to provide a new and 

useful process whereby materials which are poor feed 
20 

stocks for catalytic cracking may be converted to a large, 
extent to high quality gasoline and valuable olefins in a 
practical and advantageous manner. Another object of 
the invention is to provide an improved process for the 
upgrading of thermal gasoline. -- 
The process of the invention in its broader aspect com 

prises thermally cracking the hydrocarbon oil under con 
ditions to produce an olefinic thermally cracked gasoline, 
catalytically cracking the thermally cracked gasoline un 
der conditions of such severity that the olefins are sub 
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stantially completely cracked to lower boiling products, 
which are removed, and catalytically reforming the ther 
mally and catalytically cracked gasoline. , - . 

In a preferred embodiment of the invention the ther 
mally cracked gasoline is catalytically cracked with a 
finely divided cracking catalyst at a temperature above. 
900 F. under conditions wherein substantially the entire 
contact of the gasoline vapors with the catalyst is effected 
while the catalyst is carried concurrently in dilute sus 
pension in the vapors. 

In a preferred embodiment of the invention the cata 
lytic cracking operation is carried out under special con 
ditions in conjunction with a normal catalytic cracking 
operation as will be more fully described. 

In another preferred embodiment the thermally cracked 

40 

45 
gasoline is separated from unconverted oil, if any, and 
then topped to remove the lower boiling material up 
through about the Ca hydrocarbons prior to catalytically 
cracking the remainder. . . ! . . . ; ; ; ; ; ; ;''': i. 

In still another embodiment of the invention the cata 
lytic hydroforming operation is carried out on the cata 
lytically cracked gasoline without prior desulfurization 
using the fluidized catalyst technique and a finely divided 
dehydrogenation catalyst. . . . . . . . . . . 

In another embodiment of the invention the catalytic 
hydroforming is preceded by a catalytic desulfurization 
treatment and is carried out under severe conditions using 
a supported platinum catalyst. . . . . . . . . . . . . . 

In general, it is the desire of refiners to process as 
much as possible of the available heavy oils by catalytic 
cracking. However, certain materials are known to be 
very poor feed stocks for catalytic cracking either be 
cause they contain contaminating materials which are 
harmful to the cracking catalyst or because they produce 
excessive amounts of coke in the process. In general, 
all residue stocks, i.e., stocks containing material which 
cannot be distilled in conventional refinery equipment, 
belong to this class. Certain distillate stocks such as 
coker cycle stock and some catalytic cracking cycle 
stocks are also poor feed stocks for catalytic cracking. 
The handling of these materials presents a difficult: 

50 

2. 
problem. In some cases they may be blended into fuel 
oil or asphalt or burned to produce carbon black. In 
most cases, however, it is the practice to convert them at 
least in part to gasoline and other distillable products 

: by thermally cracking them. Thermal cracking, as the 
term is here used, denotes any process wherein an oil 
or residue is subjected to high temperatures in the range 
above 800°F. for a time sufficient to crack an appreci 
able portion of the material into gas and hydrocarbons 
boiling in the gasoline boiling range. Thus, the fa 
miliar Dubbs cracking process and its modifications, the 
thermal reforming of naphthas, and also coking (either 

i delayed or fluid), and viscosity breaking are thermal 
cracking processes. The essential feature is that the 
splitting is induced non-catalytically, by heat alone. 
The amount of gasoline produced in these various 

thermal cracking processes depends largely upon the 
character of the feed and upon the cracking conditions. 
In some cases, thermal cracking is not carried out under 
conditions to produce the largest amounts of gasoline 
possible but under modified conditions (because of cok 
ing problems or the like) to produce substantial amounts 
of light oils and/or gas. The gasoline produced in such 
thermal cracking processes is normally high in sulfur and 
invariably contains considerable amounts of unsaturated 
compounds of both olefinic and diolefinic nature. 
At one time the thermal gasoline was considered a de 

sirable component suitable for use in even, best grades 
of gasoline. At present, however, it is unsuited for use 
in the better grades of gasoline except when blended in 
Small amounts with other premium grade materials. 
Various attempts have therefore been made to upgrade 
thermal gasoline. . . . . . . 

It is known that thermally cracked gasoline may be 
upgraded to a certain extent by treating it with a cracking 
catalyst under special conditions. Although a cracking 
catalyst is used in this case the conditions are purposely 
held so mild that cracking is substantially avoided. The 
upgrading is not through cracking but is effected primarily 
through isomerization of the olefins present and dehy 
drogenation of the naphthenes by hydrogen transfer with 
the isomerized olefins. The catalysts commonly used for 
catalytic cracking are known to readily effect these iso 
merizing and hydrogen transfer reactions. Thus, by this 
treatment the olefins in the thermal gasoline are largely 
saturated and the naphthenes 'are dehydrogenated to aro 
matics. This, latter reaction leads to a substantial im 
provement in the octane number. However, the satura 
tion of part of the olefins leads to a substantial reduction 
in the octane number and the net gain is therefore rather 
small. This gain is not sufficient to make the process 
economical and consequently it is not used. 

It is known that thermal gasoline may be upgraded 
with a better net gain in octane number by catalytic re 

55 forming, i.e., by treating it in the presence of a catalyst having hydrogenation-dehydrogenation activity under con 
Editions of temperature and pressure where the thermo 
dynamic equilibrium between naphthenes and aromatic 

60 

favors the aromatics. The catalytic reforming is best . 
carried out under pressure in the presence of added hy 
drogen in which case the operation is called hydroform 
ing. In hydroforming dehydrogenation of the naph 
thenesis the main octane, number-raising reaction, but 
other reactions such as isomerization, hydrogenation, 

85 cyclization, and hydrocracking take place to appreci able extents and are also of much importance, particu 
larly in the case of paraffinic stocks. This process, as 
applied to thermally cracked gasoline, has, however, sev 

O 

eral disadvantages or shortcomings which greatly.mili 
tate against its use. In the first place, it is found that 
thermal gasoline when hydroformed generally causes ex 
cessive coking of the catalyst. Thus, even when using 
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the known regenerative hydroforming process, it has been 
impractical to include more than a fraction of thermal 
gasoline, e.g., up to about 4, in the hydroforming feed 
stock. In the second place, although the conditions 
strongly favor the dehydrogenation of naphthenes, they 
are strongly favorable to saturation of the olefins. Con 
sequently, the olefins are completely hydrogenated at an 
extremely rapid rate with a large localized liberation of 
heat due to the exothermic nature of the reaction. Third 
ly, the hydrogenation of the olefins, even if these are 
first isomerized, leads to a substantial reduction in the 
octane number which limits the net gain to a value which 
is much less than would otherwise be obtained. Hydro 
forming is only economical in its usual application when 
sufficient hydrogen is produced to allow withdrawing at 
least a bleed stream in order to maintain the purity of 
the recycled hydrogen-containing gas at a satisfactory 
level. When hydroforming thermally cracked stocks, 
however, there is generally a large hydrogen consump 
tion. For this reason, if for no other, thermally cracked 
stocks cannot be economically upgraded by hydroform 
ing except when treated in small amounts along with 
the normal hydroforming feeds. At present, most of 
the catalytic hydroforming operations are carried out un 
der relatively severe conditions using a Supported plati 
num catalyst. Thermally cracked gasoline would gen 
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erally not be upgraded in this case without first subject 
ing it to a catalytic desulfurization treatment which, in 
cidentally, greatly reduces its octane number by satura 
tion of the olefins. 
In spite of the mentioned disadvantages and shortcom 

ings, thermal cracking followed by catalytic hydroform 
ing is the most attractive method hitherto available for 
the production of gasoline of suitable high octane num 
ber from such stocks which cannot be profitably cracked 
catalytically. Thus, the most satisfactory method in the 
past has been to thermally crack the feed, separate the 
thermal gasoline, and then either hydroform it in small 
amounts along with a straight run hydroforming stock 
or subject it to a hydrogenating desulfurization treat 
ment followed by catalytic hydroforming. 
Most of these disadvantages are avoided in the process 

of the present invention. The hydrogen consumption is 
low and in fact there is generally a substantial net hydro 
gen production; the degrading effect of saturation of the 
olefins is avoided; the stock may be separately hydro 
formed rather than having to treat it in admixture with 
a large amount of straight-run material; also considerable 
amounts of C3 and C olefins are produced which may 
be polymerized or alkylated in the known manner to 
produce additional amounts of premium components 
which may further improve the quality and yield of the 
finished gasoline. 
The process of the invention will be described in con 

nection with typical examples and with relation to the 
accompanying drawings of which: 

Figure I is a flow diagram wherein the processing op 
erations are indicated by labeled blocks. The small 
blocks labeled F represent fractionation facilities. The 

- process illustrated in Figure I includes the preparation 
of conventional catalytic cracking feed stock and its cata 
lytic cracking, although these are not per separt of the 
invention. The purpose of including these steps will, 
however, be apparent when discussing Figure II. 

Figure H is a diagrammatic illustration of a preferred 
arrangement for effecting the catalytic cracking step. 

Referring to Figure I, crude petroleum entering by line 
1 is passed to the crude fractionation and catalytic crack 
ing feed stock preparation unit 2 and is separated therein 
into the usual products including distillate feed for cata 

... lytic cracking which is passed by line 3 to the catalytic 
cracking system 4, and a residue or pitch which is passed 
by line 5 to the thermal cracking system 6. 

In the case illustrated the feed stock to the thermal 
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4. 
vacuum flashing operation. Actually the feed stock may 
be any hydrocarbon oil but more particularly, an oil 
which is not amenable to catalytic cracking and more 
particularly a residue material. In the particular exam 
ple, which will be described, the oil feed was a catalytic 
cracking cycle oil. 

In the thermal cracking system the feed is subjected to 
thermal cracking conditions to produce thermally cracked 
gasoline along with other higher boiling distillable ma 
terial. The product is passed by line 6a and separated 
in F-7 into gas which is passed by line 7a to the gas re 
covery system, an olefinic thermally cracked gasoline 
which is withdrawn by line 8, heavier distillates which are 
withdrawn by line 9 and a residue of pitch or coke which 
is withdrawn by line 10. The end point of the gasoline 
may be in the usual range of from about 300 to 400° F. 
but is preferably on the high side and may be as high 
as about 450 F. In the particular example the thermal 
cracking of the mentioned feed was carried out in a 
Dubb's cracking unit under approximately the following 
conditions: 

Heater pressure ------------------------p.s.i.-- 600 
Transfer temperature -------------------- F. 950 
Reactor pressure ------------------------p.s. i - 300 
Reactor temperature --------------------- ° F 900 
Flash pressure -------------------------p.s. i. 125 
Combined recycle ratio ----------------------- 19 
The product yields were as follows: 

Percent v. 
Unstabilized cracked gasoline ------------------ 49.5 
Cracked residue (5 API) --------------------- 48.7 
Stripper gas oil ------ - - - - - - - - - - - - - - - - - - - - - - - - 1.0 

Loss 0.8 

In the particular example the debutanized thermal gas 
oline had the following ASTM distillation: 

o F. 
B.P. -------------------------------------- 135 

10% --------------------------------------- 169 
50% --------------------------------------- 227 

--------------------------------------- 313 
- - - or -a as a ruro sm -- w m mem. - - - - - - - - - - - - . . . . . . . . 356 

The thermally cracked gasoline, or at least a major part 
thereof containing the C-- hydrocarbons, is passed by 
line 11 and/or 1ia to the catalytic cracking system. The 

E.P. 

material may be catalytically cracked by itself in a sep 
arate system as was indeed the case for the particular 
example, but it will ordinarily be uneconomical to do so 
for several reasons. In the preferred embodiment of the 
invention it is separately catalytically cracked in a side 
reactor coupled to a conventional catalytic cracking unit 
aS y be more fully described in connection with Fig 

In a specific embodiment of the invention the thermal 
ly cracked gasoline from line. 8 is not passed by line 11 
to the catalytic cracking system, but to F-12 wherein it is 
topped by first removing light material boiling up 
through approximately the C6 hydrocarbons which ma 

iterial is removed by line 13 and can be blended with the 
final product. The topped gasoline is then passed by 
line lia to the catalytic cracking system. 

In the particular example the mentioned thermally 
cracked gasoline was re-run to remove lower boiling ma 
terial up through C8 and a small amount of the heavy 
ends. The gasoline then had the following composition: 

Percent v. 
"Saturates -------------------------------- 39.5 

Olefins ------------------------------------- 46.1 
Aromatics ---------------------------------- 14.4 

and an F-1 octane number with 3 cc. TEL of 72.4. 
cracking unit 6 is a straight-run residue, e.g., from a 75. The thermal gasoline is catalytically cracked in Such a 



5 
manner that the catalytically cracked gasoline produced 
from the thermal gasoline may be separately recovered. 
The catalytic cracking may, in other respects, be carried 
out with any of the known cracking catalysts and by any 
of the known operating techniques. A preferred cat 
alyst is a silica-alumina cracking catalyst such as widely 
used for catalytic cracking at present. In the case of 
the specific example being illustrated, the catalyst used 
was an equilibrium synthetic silica-alumina composite 
withdrawn from a catalytic unit. The available surface 
was 88 mm./g, and the pore volume was 0.235 cc.g. 
The catalytic cracking treatment in the present process 

is not a mild treatment designed to isomerize the olefins 
and/or dehydrogenate the naphthenes by hydrogen trans 
fer but is carried out under sufficiently severe conditions 
that the unsaturated compounds in the gasoline are large 
ly and preferably substantially completely cracked to 
lower boiling products. Some naphthenes and paraffins 
may also be cracked under these conditions but the con 
ditions are preferably controlled to minimize the crack 
of naphthenes is an important octane number-raising re 
action in the subsequent catalytic reforming.) If the 
cracking conditions are too mild the gasoline is not ma terially improved in the subsequent catalytic reforming. 
On the other hand, if the conditions are too severe the 
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ing of these hydrocarbon types. (The dehydrogenation . 

25 

gasoline is likewise not amenable to a sizeable improve 
ment by subsequent catalytic reforming and requires a 
more costly low pressure catalytic reforming treatment to 
properly upgrade it. . . . . 

The severity of the catalytic cracking conditions is pri 
30 

marily a function of the cracking temperature, the par 
tial pressure of the feed vapor, and the space velocity 
and can be adjusted in the known manner by control of 
one or more of these variables. Ordinarily in catalytic 
cracking the severity of the cracking conditions is meas 
ured in terms of the conversion which is often defined as 
100 minus the recovered liquid product boiling above the 
gasoline boiling range (usually a cut point of 450 F.). 
Since the feed in the present case normally contains little 
if any material boiling above 450° F. the conversion can 
not be defined in this way. Since the catalytic cracking 
when carried out in the preferred manner, as will be later 
described, effects primarily the cracking of the unsatu 
rated material in the thermally cracked gasoline, the pre 
ferred upper limit of conversion is expressed in terms 
of this reaction. As thus considered the severity is pref 
erably held below that giving a residual olefin content 
as measured by F.I.A. Analysis (ASTM designation 
D1319-54T) of less than about 5%. This measure of 
severity is, however, not applicable to define the limits 
in the mild direction since under very mild conditions the 

runsaturation may be removed by hydrogenation transfer 
... which is here not desired. The conditions are main 
tained sufficiently severe that the disappearance of unsat 
uration is largely through cracking rather than hydrogen 
transfer and under these conditions an appreciable 
amount of normally gaseous products is produced. 
Under the preferred conditions the conversion to mate 
rial boiling below Cs (excluding any that may have been 
included in the feed) will be upward of about 30% by 
weight of the olefin content of the feed. Therefore, 
while the applicable conditions are only limited by the 
condition that the olefins in the thermally cracked gaso. 
line are to a large extent but not completely cracked, 
the preferred upper or lower limits of the catalytic crack 
ing severity may be defined as described. Actually, there 
is no upper limit to the severity of the catalytic cracking 
conditions in the broader aspect of the invention since 
what may be called overcracking simply requires a more 
severe catalytic reforming treatment to reach the same 
product quality level. This is not desired but is permis 
sible. In the particular example being described the 
mentioned thermally cracked gasoline was catalytically 
cracked in a fixed bed fluidized catalytic cracking opera 

6 
tion with the above described cracking catalyst under 
the following conditions: 

A B 

Weight hourly space velocity-------------- 2.0 3. 
Temperature, C-------------- 500 550 
Process period, mini- 5 7.5 
Fressure, atm---------------------------- 

The yields in weight percent were as follows: 

A B 

Below.Q.-------------------------------- r: 15.9 20. 
Liquid Product.-------. - S2.9 78.7 
Coke------------------------------------- 1.2 1. 

- 100.0 100.0 

As pointed out above, the F-1 octane number with 3 
cc. TEL of the topped thermal gasoline (i.e. the feed to 
the catalytic cracking step) was 72.4. The F-1 octane 
number with 3 cc. TEL of the product of Example B 
topped in the same manner was 74.0. It will be noted 
that the octane number of the material is not appreciably 
improved. The purpose of the operation is here not to 
improve the gasoline as such but to improve it for subse 
quent reforming. " . . . . . . . 

The product from the catalytic cracking operation issu 
ing by line 14 is separated in F-15 into a lower boiling 
product which is passed to the gas recovery system 16 by 
cline 17 and a liquid product which is passed by line 18 
to the catalytic reforming system. 19. All of the C4-4- 
material may be passed to the catalytic reforming opera 
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tion, or F-15 may be operated to remove the gasoline 
tops which are suitable for blending without further re 
forming. In such case the tops are passed by line 20 to 
blending and the re-run gasoline is passed to the reform 
ing system. Bottoms may be removed by line.18a. The 
endpoint of the re-run gasoline feed to the reforming may 
be chosen such that the reformed product does not re 
puire re-running, e.g., 390. F., or it may be chosen some 
what higher (especially, when - using a regenerative re 
forming process) and the product then re-run to give the 
desired end point. . . . . . a 

In the case of the particular example being illus 
trated, the above-mentioned gasolines were re-run as in 
dicated above before reforming them. 
The catalytic reforming may be effected using any of 

s the known hydrogenation-dehydrogenation type reform 
50 
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60 
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5 

ing catalysts and may be carried out in any of the various 
ways known to be suitable for catalytic reforming ingen 
eral. It may be carried out either with or without hydro 
gen. In this process, however, there is a particular ad 
vantage in employing the fluidized catalyst technique and 
recycling hydrogen in the reforming step such, for in 
stance, as is the case in the known Fluid Hydroforming 
Process (see Oil and Gas Journal, May 17, 1954, pp.122 
124). In this case the catalyst which is used in the form 
of a powder normally, comprises as the predominating 
hydrogenation-dehydrogenation promoter oxides of one 
or more metals from the group consisting of Cr, Mo, W, 
Co, Ni, Ru, Rh, Pd, Re, and Pt in combination with a 
suitable support of diluent which may be, by way of 
example, alumina, magnesia, silica, silica-alumina, silica 
magnesia, titania, silica-zirconia, Zinc spinel, preferably in 
micro-porous form. The catalyst may or may not also 
contain promoters such as one or more halogens, e.g., 
combined fluorine. The operation may be carried out at 
pressures from about 1 to about 100 atmospheres with 
hydrogen-to-hydrocarbon feed ratios from about 2 to 
about 20 molar and at temperatures from about 800 F. 
to about 1100°F. These variables are correlated in the 
known manner such that under the prevailing conditions 
of partial pressure of hydrogen and temperature the 
above described equilibrium favors the formation of aro 
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matics in the process. e space velocity may then be 
adjusted to strike the desired compromise between yield 
and gain in octane number. The material may be re 
formed along with other conventional reforming stocks, 
e.g., the conventional straight-run naphtha, but there is 
no advantage in so doing since the material is well suited 
for reforming alone and in the examples being illustrated 
it was so treated. - --- - 

In another form of the invention the catalytic reform 
ing is carried out in the presence of hydrogen with a fixed 
bed of catalysts having platinum as the predominating hy 
drogenation-dehydrogenation promoter. In this case, it 
is generally necessary to desulfurize the gasoline to a 

: sulfur content below 0.05% prior to reforming it. This 
may be done, using any of the known desulfurizing proc 
esses. One suitable process is to hydrogenate the feed 
in the vapor phase with a nickel-molybdenum or cobalt 
molybdenum catalyst under temperature and pressure 
conditions conducive to hydrogenation e.g., 550-750 F. 
and 5-50 atmospheres. Product gas from the subsequent 
reforming operation may be used to supply the hydrogen. 

7 
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Thus, in this case, the material from line 18 does not pass 
directly to the reforming system, but by line 2i to the 
desulfurization unit 22 and then by line 23 to the reform 
ing unit. 
A suitable catalyst for the catalytic reforming consists 

of a small amount of platinum e.g., 0.1-1% supported on 
a halogen-promoted alumina e.g., 0.1-3% chlorine 
and/or fluorine or a silica-alumina composite. The op 
eration is preferably carried out at temperatures between 
about 825 and 975 F., pressures between about 5 and 
50 atmospheres with a hydrogen-to-hydrocarbon mole 
ratio above about one. In the specific example being il 
lustrated, the mentioned gasolines after the catalytic 
cracking operations were catalytically reformed under 
the following conditions: 
Catalyst -------------- UOP R-5 Platforming catalyst 
Temperature, C. ---------------------------- 498 

- Pressure, psi.g. ----------------------------- 700 
LHSV -------------------------------------- 3.0 
H2/feed mole ratio -------------------------- 6.0 
The yields and octane numbers of the products were 

as follows: M 

A. B 

Light products---------------------------- 148 25.5 
Cy-- liquid product.-------------- 1 95.2 1945 
Yield, vol. percent on feed 293.4 292.7 
F-1-0 octane number---- 79.2 79. 4 
F-1-3 octane number.-- 91.5 91.2 

i Percent w. 
2 Percent. 

When catalytically hydroforming the same topped ther 
mally cracked gasoline (without the catalytic cracking 
operation) under the same hydroforming conditions 
(temperatures 496 and 509 C.) the F-1-0 octane num 
ber at 92.0% volume yield was 69.2 and at an F-1-0 oc 
tane number of 77.8, the volume yield was 88.1%. 
The product from the catalytic reforming treatment 

is then sent to blending by line 24, thereby completing 
the process. - 
As pointed out above, in a preferred arrangement in the 

invention, the catalytic cracking of the thermal gasoline 
is carried out in a special manner in combination with a 
conventional catalytic cracking operation. The catalytic 
cracking of the conventional catalytic cracking feed Stock, 
e.g., gas oil may be effected in any of the conventional 
ways and a side stream from the catalyst regenerator may 
be used to effect the catalytic cracking of the thermal 
gasoline in a separate reactor affording separate recov 
ery of the product. In the preferred arrangement, the 
cracking of the thermal gasoline is effected while the 
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catalyst is carried in the gasoline vapors, at relatively 
high velocity, e.g., 10-60 ft. per second, through a tube to 
a separator. It is of particular advantage when catalyt 
ically cracking the thermal gasoline to effect the cracking 
in this way, rather than with a fluidized bed of catalyst. 
In order to prevent the catalyst from collecting in a 
fluidized bed the cracking is carried out in a long tubular 
reactor of Sufficiently uniform diameter, that a suitably 
high velocity is maintained in all parts. This type of 
operation combined in an advantageous manner with the 
catalytic cracking of a conventional catalytic cracking 
feed stock is illustrated in Figure II. 

Referring to Figure II, the apparatus comprises a cata 
lyst regenerator 100; catalytic cracking reactor of 101; 
two catalyst strippers 102 and 103; and a reaction tube 
104 which leads to a cyclone separator 105. Hot regen 
erated catalyst is withdrawn from the regenerator by 
standpipe 106 to the bottom of the reactor tube 104 
where it meets the thermal gasoline. The vapors of the 
thermal gasoline suspend the catalyst and carry it through 
the reactor to the separator 105. The vapors are with 
drawn to a separate recovery system (not shown). The 
separated catalyst passes by line 87 to vessel 102, where 
in it is stripped with vapors passed up from vessel 103. 
The stripped products are removed overhead as shown 

... and the catalyst flows by line 108 to the reactor 10 where 
it is used to catalytically crack a conventional feedstock 
such as gas oil introduced at the bottom as indicated. 
The overhead vapors from reactor 191 are passed to a 
recovery system (not shown) where it is separated into 
gas, catalytically cracked gasoline, and heavier oils. 

Catalyst from the catalytic cracking reactor 101 passes 
by line 169 to the bottom of a riser, line wherein it is 
picked up by steam, as indicated, and carried into the 
Stripper 163. Additional Stripping steam is introduced 
into the bottom of this vessel as indicated. The steam 
plus stripped products then pass up through the stripper 
102. The stripped catalyst passes by line 10 to the bot 
tom of a riser where it is picked up by air and carried 
back into the regenerator, thereby completing the catalyst 
cycle. 

In the system illustrated the hot regenerated catalyst is 
first used to catalytically crack the thermal gasoline at a 
high temperature e.g., 1000 F. It is then stripped with 
steam and then used to catalytically crack a conventional 
feed stock. After this, it is again stripped and then re 
cycled to the regenerator. - 
The tie-in of the above-described catalytic cracking 

operation is further illustrated in the flow diagram of 
Figure wherein F-25 is the conventional catalytic crack 
ing main fractionator receiving product from the main 
catalytic cracking reactor (i.e., 101 of Figure I) by line 
26 in Figure I. - The gaseous products up to about Cs 
are passed by line 27 to the gas recovery system; the 
gasoline is passed by line 28 to blending; the heavier ma 
terial is recycled in part by lines 29 and 30 and passed 
in part by line 29 to the thermal cracking system. 

i claim as my invention: --. 
1. A process for the production of gasoline from heavy 

hydrocarbon oil which comprises subjecting a heavy hy 
drocarbon oil to thermal cracking under conditions to 
produce an olefinic thermally cracked gasoline, separating 
from the thermally cracked gasoline thus produced the 
lower boiling part up through about Co. hydrocarbons, 
catalytically cracking the remainder of the thermally 
cracked gasoline by itself at a temperature above 900' F. 
and at a severity to crack, most of the olefins to lower 
boiling products, separating said lower boiling products 
and subjecting the remainder to a catalytic reforming 
treatment with a dehydrogenation catalyst. - 

2. Process for the production of gasoline according to 
claim 1 further characterized in that the thermally 
cracked gasoline is catalytically cracked with a finely 
divided cracking catalyst at a temperature above 900 F. 
with substantially the entire contact of the gasoline with 
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the catalyst being effected while the catalyst is carried 
concurrently in dilute suspension in the gasoline vapors. 

3. Process for the production of gasoline according to 
claim 1 further characterized in that the thermally and 
catalytically cracked gasoline is catalytically reformed 
without prior desulfurization by a hydroforming treat 
ment with a finely divided supported molybdenum oxide 
catalyst. 

4. Process for the production of gasoline which com 
prises subjecting a hydrocarbon oil to thermal cracking 
under conditions to produce an olefinic thermally 
cracked gasoline, separating from the thermally cracked 
gasoline the lower boiling part up through about the C 
hydrocarbons, catalytically cracking the remainder of 
the thermally cracked gasoline by itself at a temperature 
above 900 F. and at a severity such that the cracked 
products boiling below C are upward of 30% by weight 
of the olefin content of the thermally cracked gasoline, 
separating from the product thus produced the lower boil 
ing part up through about Cs hydrocarbons, subjecting 20 

5 

O 

5 

O 
the remainder to a catalytic reforming treatment with a 
dehydrogenation catalyst, and blending with the product 
the above said lower boiling part of the thermally cracked 
gasoline. 
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