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2,915,457 
PROCESS FOR THE CONVERSION OF HEAVY 

RESIDUAL OILS 

Mortimer D. Abbott, Orinda, Warren L. Snider, Walnut 
Creek, and George E. Liedholm, Berkeley, Caiitl, as 
signors to Shell Development Company, New York, 
N.Y., a corporation of Delaware I 

Application June 14, 1957, Serial No. 665,820 
4 Claims. (Cl. 208-74) 

This invention relates to an improved process for pro 
ducing high grade gasolines from heavy hydrocarbon 
oils, e.g., straight run residues and vacuum ?asher pitches. 

It has been known for some time that larger quantities 
of high octane gasoline ‘may be obtained from various 
heavy hydrocarbon oils by catalytic cracking than by any 
purely thermal treatment. 'However, not all hydrocar 
bon oils boiling above the gasoline range are suitable for 
catalytic cracking. For example, oils which have too 
large a percentage of refractory components such as 
polycyclic aromatics are difficult to crack and cause ex 
cessive amounts of coke to form on the catalyst particles. 
Moreover, various metal contaminants present in some 
hydrocarbon oils act to poison or inactivate the catalyst 
and must be drastically reduced prior to subjection such 
oils to the catalytic cracking treatment. 

It has been proposed to obtain suitable quantities of 
catalytic cracking‘feed stock from various hydrocarbon 
oils by subjecting them to a mild thermal cracking treat 
ment with subsequent multi-stage separation. In this 
type of operation, the residual oil is ?rst heated to a 
temperature which is only high enough to mildly crack 
certain of the heavier components of the oil, e.g., in a 
treatment sometimes referred to- as “visbreaking.”. The 
gas, gasoline and gas oil distillates are separated from the 
thermally treated oil in a ?rst stage separator at atmos 
pheric pressure or greater, e.g., up to 100 p.s.i.g. The 
bottoms from the ?rst stage separator are then sent to a 
second stage separator wherein the material is further 
separated into gas oil distillates and a pitchy residue at 
subatmospheric pressure, e.g., below 200 mm. of mer 
cury. Each of the separators may contain a cyclone 
section wherein‘ the vapors are separated from the en 
trained liquid and a tray section wherein the vapors are 
partially ‘condensed into various fractions. The gas oil 
distillates from both separators contain a substantially 
smaller amount of metal contaminants than the original 
heavy residual oil which is an advantage in catalytic 
cracking. Variations of this type of operation are de 
scribed for example in US. Patents 2,662,845 and 
2,748,061 and are known in the art as “two stage ?ash 
cracking” processes. 

In the ‘catalytic cracking of oils boiling above the 
gasoline range, it has been proposed to carry out the 
process by ?rst subjecting the oils to contact with the 
catalyst at a comparatively high temperature for a short 
period of time, e.g., 1-5 seconds, separating the gas and 
gasoline from the resulting cracked product and then sub 
jecting the remaining oil to further contact with the cata 
lyst in a second stage cracking zone at a low temperature 
for a longer period of time. The ?rst stage of a process 
of this type is carried out by sending the vaporized feed 
stock and the catalyst up to a reactor having a large 
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length to diameter ratio, i.e., a “riser” at a velocity greater 
than that which would cause an appreciable amount of 
back?ow of catalyst particles or the formation of a dense 
bed of such particles in the reactor. The cracked prod 
net is separated from the catalyst at the top of the reactor - 
and is partially condensed in a ?rst stage fractionator 
with the gas and gasoline fraction being drawn off and 
at least part of the condensed cracked gas oil fraction 
being sent to the second stage reactor together with the 
catalyst from the ?rst stage. The second stage of the 
process comprises a conventional reactor wherein the 
feed is contacted with a dense bed of catalyst at a tem 
perature of about 800‘—900° F. The catalyst is drawn off 
from the bottom of the second stage reactor and is trans 
ferred to a regenerator wherein the carbonaceous deposits 
are burned off with an oxygenecontaining gas. The cata 
lyst is then recirculated to the ?rst stage reactor and 
the product of the second stage is fractionated to separate 
the gasoline and second stage catalytically cracked gas 
oil fractions. A heavy catalytically cracked gas oil may 
be recycled to the second stage reactor. The catalyst 

' used in this type of two stage process may be a conven 
tional cracking catalyst, e.g., a synthetic catalyst such as 
silica combined with alumina, magnesia or zirconia or a 
natural catalyst made from a bentonite clay such as 
montmorillonite and other natural aluminum silicates 
such as kaolin and halloysite. An example of a two stage 
catalytic cracking process of the type described is shown 
for example in the Petroleum Re?ner, vol. 35, No. 5, 
pages 166-170 (May 1956). 

In combining a two-stage ?ash cracking process with 
a two-stage catalytic cracking process as described above, 
various problems must be overcome. For example, the 
gasoline obtained from the ?rst stage fractionator of the 
flash cracking process is of relatively low octane number 
and must be upgraded for present day consumption, e.g., 

, by “platforming” which is a catalytic reforming process 
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utilizing a supported platinum catalyst. However, the 
?ash cracked gasoline usually contains a large quantity 
of sulfur which may exert a serious poisoning effect on 
the platinum so that it must be removed prior to plat 
forming. Moreover, such gasolines also contain a large 
percentage of ole?ns which may have the eifect of over 
heating the platinum catalyst due to the exothermic na 
ture of their hydrogenation during the platforming proc 
ess; Thus,'it is advisable to pretreat the flash cracked 
gasoline'prior to platforming to eliminate ole?ns and 
sulfur. 

In the two-stage catalytic cracking process, the feed to 
the second stage reactor contains a greater proportion of 
poly/aromatics and other refractory components than the 
original catalytic cracking feed stock. This material is 
thus considerably more di?icult to crack and causes a 
greater degree of coke formation on the catalyst than the 
feed to the ?rst stage reactor. Moreover, large quantities 
of catalytically cracked gas oils are produced in the 
second stage reactor which are more refractory and 
difficult to crack than either the ?rst or second stage feed. 
As would be expected, this material has a much lower 
value than an equivalent quantity of gasoline. Under 
these circumstances, any process which has the effect of 
lowering the quantity of coke formation in they second ‘ 
stage reactor and of causing more gasoline to be formed 
at the expense of the second stage catalytically cracked 
gas oil is much to be desired. 

It is an object of this invention to provide an integrated 
combination process of two-stage ?ash cracking and two‘ 
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stage catalytic cracking whereby a greater proportion of 
gasoline is obtained from heavy hydrocarbon oils such as 
straight run residues than is usually obtained from con 
ventional processes. iIt is a further object of this inven 
tion to combine a two-stage ?ash cracking process and a 
two-stage catalytic cracking process with a separate hy 
drogenation step in such a manner that the gasoline pro 
duced in the ?ash cracking zone is entirely suitable as 
a' feedstock for a catalytic reforming process utilizing a 
catalyst which is sensitive to sulfur, the rate of coke 
formed on the cracking catalyst is decreased, and the 
amount of gasoline produced by the catalytic cracking 
process is increased at the expense of the catalytically 
cracked gas oil usually produced. ‘ 

These objects are carried out by subjecting the gaso 
line from the ?rst stage of the ?ash cracking process 
together with the gas oil from the ?rst stage of the 
catalytic cracking process to catalytic hydrogenation, 
separating gasoline and gas oil fractions from the hydro 
genated material, withdrawing the gasoline which is suit 
able for platforming, transferring the hydrogenated gas 
oil to the second stage catalytic cracking reactor, and 
separating gasoline and catalytically cracked gas oil frac 
tions from the second stage product. Part of the heavy 
catalytically cracked gas oil may be recycled to the sec 
ond stage catalytic cracking reactor or the hydrogena 
tion reactor. 
The invention will now be described in greater de 

tail with reference to the drawing which is a highly sche 
matic diagram of a process carried out in accordance 
with this invention. 
The residual oil feed stock from line 1 enters the fur 

nace 2 wherein it is subjected to a mild thermal treat 
ment, e.g., at a temperature of 700-900° F. and a pres 
sure of 0-300 p.s.i.g. for a period of 1-3 minutes. The 
thermally treated and vaporized material passes by line 
3 to the ?rst stage separator 5 wherein it is separated 
at a pressure of from 1 atmosphere absolute to 100 
p.s.i.g. into a gas and gasoline fraction drawn off by line 
6, a ?rst stage light gas oil which is transferred to cata 
lytic cracking by line 7, a ?rst stage heavy gas oil drawn 
off by line 8, and heavy ?rst stage bottoms which are 
transferred by line 10 to the second stage separator. 
Part of the ?rst stage heavy gas oil is recycled for re 
?ux by line 12 and part is transferred to catalytic crack 
ing by line 13. The gas and gasoline vapors are sep 
arated by the dephlegmator 15 into a ?ash cracked gaso~ 
line transferred to the hydrogenation unit by line 16 
and gas drawn off by line 17. 
- The?rst stage bottoms are separated in the second 
stage vacuum separator 19 at a pressure of 5-200 mm. 
mercury absolute into a gas oil vapors which are drawn 
off by line 20, an extra heavy gas oil drawn off by line 
21 and recycled to the furnace, and a pitchy residue 
drawn off by line 22 and sent to fuel oil blending. - The 
gas oil vapors are separated in condenser 23 into a sec 
ond stage light gas oil vapors transferred to catalytic 
cracking by line 24 and a condensed second stage heavy 
gas oil, part of which is recycled to the second stage 
separator as re?ux by line 25 and part of which is sent 
to catalytic cracking by line 27. ‘ 
The combined ?ash cracked distillate is transferred 

by line 24 to heater 28 wherein it is preheated to a tem 
perature just below that at which substantial thermal 
cracking takes place, e.g., 700—800° F. The preheated 
feed enters the ?rst stage catalytic cracking reactor 29 
which has a relatively large length to diameter ratio 
and is sent up through the reactor with regenerated cata— 
lyst, the latter having been heated in the regenerator 
to a temperature sufficient to bring the feed up to re 
action temperature, e.g., 950-1050“ F. The super?cial 
linear velocity of the materials in the reactor is high 
enough to prevent a dense bed of catalysts from form 
ing, e.g., at least 30 feet per second. At this rate, there 
is reduced‘bacldiow of the catalyst particles which move 
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4 
almost as fast as the reactant and product vapors in 
what is known in the art as a “disperse phase.” After 
remaining in the ?rst stage reactor for a relatively short ' 
period of time, e.g., 1-5 seconds, the catalyst and cracked 
product enter separator 30 which is made up of cyclones 
and baf?es necessary to separate substantially all of the 
catalyst from the product vapors. The latter are trans 
ferred to ?rst stage fractionator 31 wherein they are 
separated into a gas and gasoline faction drawn off by 
line 32, a gas oil fraction which is sent to the hydrogena 
tion unit by line 33 and a resinous bottoms material 
drawn off by line 34. The catalyst is withdrawn from 
separator 30 by line 35 and enters the second stage 
catalytic cracking reactor with the second stage feed 
which is transferred to the reactor from the hydrogena 
tion zone by line 37. The vapors in the second stage 
reactor move at a super?cial linear velocity such that a 
conventional dense bed of catalyst particles form. The 
product vapors withdrawn from the reactor are trans 
ferred to the second stage fractionator 40 wherein they 
are separated into a gas and gasoline fraction with 
drawn by line 41, a light catalytically cracked gas oil 
drawn off by line 42, a heavy catalytically cracked gas 
oil drawn off by line 43 and a slurry oil drawn off by 
line 45. Part of the heavy catalytically cracked gas oil 
and the slurry oil may be recycled to the second stage 
catalytic cracking reactor by lines 46 and 47, respec 
tively. Alternatively, all or part of this material may 
be hydrogenated with the ?rst stage catalytically cracked 
gas oil. The catalyst particles are transferred from the 
second stage reactor by line 49 to the regenerator 50 
together with a combustion-supporting oxygen-contain 

- ing gas which enters the regenerator by line 51. The 
materials enter the regenerator at a rate such that a 
dense bed of catalyst particles form. The carbonaceous 
deposits are substantially burned o? the catalyst particles 
which are thus heated to a temperature, e.g., 1050-1200” 
F., su?icient to bring the ?rst stage catalytic cracking 
feed up to the reaction temperature. The catalyst is 
withdrawn from the regenerator by line 52 and is re 
cycled to the ?rst stage catalytic cracking reactor. The 
combustion gases formed in the regenerator are drawn 
off by line 53. 
The ?rst stage catalytically cracked gas oil from line 

33 is preheated for hydrogenation in heater 58. The 
preheated hydrogenation feed by line 55 and fresh hy 
drogen by line 56 enter the hydrogenation reactor 57 
where they are hydrogenated over the desired hydrogen 
uptake, e.g., in the range of 100-700 s.c.f./bbl. Also 
entering the hydrogenation reactor is the ?ash cracked 
gasoline from line 16 which is split up in manifold 54 
into several streams entering the reactor at different 
points; the ease of evaporation of this material allows 
it to serve as an excellent cooling medium which pre 
vents the exothermic heat of reaction from excessively 
raising the temperature. Either the total gas oil or only 
the heavy gas oil from the ?rst stage catalytic crack 
ing reactor may be hydrogenated. The material to be 
hydrogenated is contacted with a suitable hydrogena 
tion catalyst which is active in the presence of sulfur 
at a suitable pressure and temperature. Catalysts which 
may be used are mixtures of cobalt and/or nickel ox 
ide and molybdenum oxide supported on alumina, and a 
mixture of tungsten and nickel sul?des. The hydrogena 
tion reaction may take place, for example, using a pres 
sure of 750-2000~p.s.i.g., a temperature of 650-750° 
F., a recycled gas rate of 200-1200 s.c.f./bbl. and LHSV 
of 1-3. The hydrogen consumption may be varied de 
pending on the feed composition. The hydrogenated 
and desulfurized product is separated in the reactor into 
lighter and heavier streams which are drawn o?.’ by lines 
59 and 60, respectively. The streams are further con 
ventionally separated in dephlegmatorsv 61, 62 and 63 
and ?asher 65 into a hydrogen-rich gas recycled to the 
reactor- byline 66, a- hydrocarbon gas drawn off by line 
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67, a hydrogenated and dcsulfurized mixture of ?ash 
cracked and hydro-gasoline drawn off by line 69 and a 
hydrogenated gas oil fraction transferred to the second 
stage catalytic cracking reactor by line 37. 

It is to be understood that the above description and 
drawing include only certain of the major features of the 
process which are necessary to describe it and that in the 
process as actually carried out, sui?cient conventional 
equipment such as valves, pumps, compressors, heat ex 
changers, etc., are used to operate in as efficient and 
economical a manner as possible. 

EXAMPLE 

A combination feed stock consisting of 53,417 pounds 
per hour of straight run residue which is 53.5% by weight 
of a West Texas crude oil, 267,745 pounds per hour of 
a straight run residue which is 30.13% by weight of the 
crude oil and 179,846 pounds per hour of a vacuum 
?asher pitch which is 18.5% by weight of the crude oil, 
is ?ash cracked in two stages as described above. The 
feed enters the furnace at a temperature of 600° F. and 
a pressure of 350 p.s.i.g. and is further heated to 860° P. 
which is su?icient to vaporize the feed and mildly ther 
mally crack various of its heavier components. The 
effluent from the furnace enters the ?rst stage pressure 
separator wherein it is ?ashed at 40 p.s.i.g. The gas and 
gasoline and the ?rst stage light and heavy gas oil dis 
tillates are drawn 01f, with part of the heavy gas oil re 
cycled to the separator for re?ux. The ?rst stage bottoms 
are transferred to the second stage pressure separator 
wherein they are ?ashed at a temperature of 806° F. and 
a pressure of 20 mm. mercury absolute to separate second 
stage light and heavy gas oil distillates, an extra heavy 
gas oil which is recycled to the furnace and a pitchy 
residue. Part of the heavy gas oil is recycled to the 
second stage separator as re?ux. A summary of the 
products from the ?ash cracking zone is given in Table I. 

Table I .—F lash cracking product summary 

Molec- Gravity, UOP 
Lb./Hr. ular °API K Factor 

Weight 

42 133 ________ __ 

147 48. 3 11. 88 
250 35 11.91 
440 19. 5 11. 71 
974 2. 2 11.43 

Total Products _________ __ 501, 008 263 27. 35 ________ __ 
Recycle From First Stage-.. 22,055 350 25. 5 11.8 
Recycle From Second Stage" 50,101 602 13. 3 11.68 

Total Furnace Effluent“ 573,164 380 26.05 ________ __ 

The total ?ash cracked gas oil distillates which are at 
a temperature of 541° F. on leaving the ?ash cracking 
zone are reheated to a temperature of 750° F. and are 
transferred to the ?rst stage catalytic cracking reactor 
wherein they are cracked with a synthetic silica-alumina 
catalyst to 50% conversion at a temperature of 1000° F. 
while in the reactor for about 1-3 seconds. The heavy 
catalytically cracked gas oil from the ?rst stage fraction 
ator is transferred to the hydrogenation reactor wherein 
it is hydrogenated with a catalyst comprising a mixture 
of nickel and molybdenum oxides supported on 1A2" ex 
truded alumina pellets at a temperature of 705° F., a 
pressure of 750 p.s.i.g., a hydrogen to oil ratio of 1400 
standard cubic feetper barrel. The hydrogenated mate 
rial is separated into gas, a combination of hydrogenated 
?ash cracked gasoline and hydrogasoline and a hydro 
genated gas oil, the latter being transferred to the second 
stage catalytic cracking reactor. A comparison of the 
feed to the hydrogenation reactor and the product result 
ing from such hydrogenation is given in Table II exclud~ 
ing the ?ash cracked, gasoline which is assumed to remain 
approximately the same in quantity before and after 
hydrogenation. 
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Table II 

Feed Product 

LHSV _ 1.0 
Gravity, °API 21. 5 
H2 Uptake c.f./b 500 
Sulfur Removal, percent w .... __ 94 
Nitrogen Removal, percent 29 
Polyaromatics Reduction ______ __ 34 
Analyses: 

Sulfur, percent w ____________________________ ._ 1.52 0.09 
Nitrogen, percent w_____ _ 0.07 O. 05 
Basic Nitrogen, percent 0.025 0.0002 
Molecular Weight _____ __ 305 ........ __ 

Hydrogasoline to 400° F ________ __ O 2. 5 

The hydrogenated gas oil is then transferred to the 
second stage catalytic cracking reactor wherein it is fur 
ther cracked at a temperature of 850-900" F. in contact 
with the catalyst from the ?rst stage reactor. The quan 
tities in barrels per day of the various catalytically cracked 
and hydrogenated streams are shown in Table III. 

Table III 
Barrels per day 

First stage catalytic cracking: 
Flash cracked distillate feed ___________ __ 23,250 
Gasoline product ____________________ __, 7,690 
Light gas oil product _________________ __ 5,050 
Heavy gas oil product to hydrogenation ____ 6,640 

Hydrogenation: 
Feed from ?rst stage catalytic cracking ____ 6,640 
Flash-cracked gasoline feed ____________ __ 5,060 
Total gasoline product to catalytic reforming- 5,250 
Heavy ‘gas oil product to second stage cat 

alytic cracking ____________________ __ 6,690 

Second stage catalytic cracking: 
Feed from hydrogenation _____________ __ 6,690 
Heavy gas oil recycle _________________ __ 3,080 

Total feed ____________________ __ 9,770 

Gasoline product ___________________ _'__ 2,340 
Light gas oil product _________________ __ 2,020 
Heavy gas oil product ________________ __ 1,000 

We claim as our invention: 
1. A process of treating a residual oil so as to obtain 

maximum quantities of high grade gasoline which corn 
prises subjecting said oil to a mild thermal cracking treat-v 
ment, separating said thermally treated oil in a ?rst 
stage ?ashing zone at a pressure of 1 atmosphere absolute 
to 100 p.s.i.g. into a gasoline fraction, ‘ gas oil distillates 
and heavy ?rst stage bottoms, separating said ?rst stage 
bottoms in a second stage ?ashing zone at a pressure of 
5-200 mm. mercury absolute into gas oil distillates and a 
pitchy residue, sending the gas oil distillates from the ?rst 
and second stage?ashing zones up through a ?rst stage 
catalytic carcking zone having a large length to diameter 
ratio wherein they are contacted with a cracking catalyst 
for 1-5 seconds at a temperature of 950-1050° F., the 
catalyst in said ?rst stage catalytic cracking zone travelling 
upwards at a velocity su?icient to prevent appreciable 
back?ow of catalyst particles, separating the catalyst from 
the ?rst stage catalytically cracked products, separating 
the latter products into gas, gasoline and gas oil fractions, 
catalytically hydrogenating at least part of the ?rst stage 
catalytically cracked gas oil together with the gasoline 
from said ?rst stage ?ashing zone with a sulfur resistant 
hydrogenation catalyst to a hydrogen uptake of from 
about 100 to about 700 s.c.f./bbl., separating the hydro 
genated. products into gasoline and gas oil fractions, trans 
ferring the hydrogenated gas oil and the catalyst from 
the ?rst stage catalytic cracking zone to a second stage 
catalytic cracking zone wherein a dense bed of catalyst 
particles is formed and the hydrogenated gas oil is fur 
ther catalytically cracked at a temperature of 800-900° 
F., withdrawing the products from the second stage cat 
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alytic cracking zone and-separating them into gas, gaso 
line. and gas oil fractions, transferring the catalyst from 
the second stage catalytic cracking zone together with a 
combustion supporting oxygen-containing gas to a re 
generation zone, burning the carbonaceous deposits from 
the catalyst particles and transferring the hot regenerated 
catalyst back to the ?rst stage catalytic cracking zone. 

2. A processof treating a residual oil so as to obtain 
maximum quantities of high grade gasoline which corn, 
prises subjecting said oil to a mild thermal cracking treat 
ment, separating said thermally treated oil in a ?rst stage 
?ashing zone at a pressure of 1 atmosphere absolute to 
100 p.s.i.g. into a gasoline fraction, gas oil distillates 
and heavy ?rst stage bottoms, separating said ?rst stage 
bottoms in a second stage ?ashing zone at a pressure of 
5-200 mm. mercury absolute into gas oil distillates and 
a pitchy residue, sending the gas oil distillates from the 
?rst and second stage ?ashing zones up through a ?rst 
stage catalytic cracking zone having a large length to 
diameter ratio wherein they are contacted with a crack 
ing catalyst for 1-5 seconds at a temperature of 950 
1050° F., the catalyst in said ?rst stage catalytic cracking 
zone travelling upwards at a velocity sufficient to prevent 
appreciable back?ow of catalyst particles, separating the 
catalyst from the ?rst stage catalytically cracked products, 
separating the latter products into gas, gasoline and gas 
oil fractions, catalytically hydrogenating at least part of 
the ?rst stage catalytically cracked gas oil together with 
the gasoline from said ?rst stage ?ashing zone at a tem 
perature of 650—750° F., a pressure of 750‘—2000 p.s.i.g., 
a recycle gas rate of 200-1200 s.c.f./bbl. and a liquid 
hourly space velocity of 1-3, separating the hydrogenated 
products into gasoline and gas oil fractions, transferring 
the ‘hydrogenated gas oil and the catalyst from the ?rst 
stage catalytic cracking zone to a second stage catalytic 
cracking zone wherein a dense bed of catalyst particles is 
formed and the hydrogenated gas oil is further catalytical 
ly cracked at a temperature of 800-900“ F., withdrawing 
the products from the second stage catalytic cracking 
zone and separating them into gas, gasoline and gas oil 
fractions, transferring the catalyst from the second stage 
catalytic cracking zone together with a combustion sup 
porting oxygen-containing gas to a regeneration zone, 
burning’the carbonaceous deposits from the catalyst par 
ticles and transferring the hot regenerated catalyst back 
to the ?rst stage catalytic cracking zone. 

3. A process of treating a residual oil so as to obtain 
maximum quantities of high grade gasoline which com 
prises subjecting said oil to a mild thermal cracking treat 
ment, separating said thermally treated oil in a ?rst stage 
?ashing zone at a pressure of 1 atmosphere absolute to 
100 p.s.i.g. into a gasoline fraction, gas oil distillates and 
heavy ?rst stage bottoms, separating s'aid ?rst stage bot 
toms in a second stage ?ashing zone at a pressure of 5-200 
mm. mercury absolute into gas oil distillates and a pitchy 
residue, sending the gas oil distillates from the ?rst and 
second stage ?ashing zones up through a ?rst stage cat 
alytic cracking zone having a large length to diameter 
ratio wherein they are contacted with a cracking catalyst 
for 1-5 seconds at a temperature of 950-1050" E, the 
catalyst in said ?rst stage catalytic cracking zone travelling 
upwards at a velocity sufficient to prevent appreciable 
back?ow of catalyst particles, separating the catalyst from 
the ?rst stage catalytically cracked products, separating 
the latter products into ‘gas, gasoline, light gas oil and 
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8 
heavy gas oil fractions, catalytically hydrogenating the 
heavy gas oil fraction from the ?rst stage catalytic crack 
ing zone together with the gasoline from the said ?rst 
stage ?ashing zone, separating the hydrogenated products 
into gasoline and gas oil fractions, transferring the hydro 
genated gas oil and the catalyst from the ?rst stage cat 
alytic cracking zone to a second stage catalytic cracking 
zone wherein a dense bed of catalyst par-ticles is formed 
and the hydrogenated gas oil is further catalytically 
cracked at a temperature of 800—900° F., Withdrawing 
the products from the second stage catalytic cracking zone 
and separating them into v‘gas, gasoline and gas oil frac 
tions, transferring the catalyst from the second stage cat 
alytic cracking zone together with a combustion support 
ing oxygentontaining gas to a regeneration zone, burning 
the carbonaceous deposits from the catalyst particles 
and transferring the hot regenerated catalyst back to the 
?rst stage catalytic cracking zone. 

4. A process of treating a residual oil so as to obtain 
maximum quantities of high grade gasoline which com 
prises subjecting said oil to a mild thermal cracking treat 
ment, separating said thermally treated oil in a ?rst stage 
?ashing zone at a pressure of 1 atmosphere absolute to 
100 p.s.i.-g. into a gasoline fraction, gas oil distillates and 
heavy ?rst stage bottoms, separating said ?rst stage bot 
toms in a second stage ?ashing zone at a pressure of 
5-200 mm. mercury absolute into gas oil distillates and 
a pitchy residue, sending the gas oil distillates from the 
?rst and second stage ?ashing zones up through a ?rst 
stage catalytic cracking zone having a large length to 
diameter ration wherein they are contacted with a crack 
ing catalyst for 1-5 seconds at a temperature of 950~ 
1050° F., the catalyst in said ?rst stage catalytic cracking 
zone travelling upward at a velocity su?icient to prevent 
appreciable back?ow of catalyst particles, separating the 
catalyst from the ?rst stage catalytically cracked products, 
separating the latter products into gas, gasoline and gas 
oil fractions, catalytically hydrogenating at least part of 
the ?rst stage catalytically cracked gas oil together with 
the gasoline from said ?rst stage ?ashing zone and at 
least part of the second stage catalytically cracked gas 
oil hereinafter speci?ed, separating the hydrogenated 
products into gasoline and gas oil fractions, transferring 
?ae hydrogenated gas oil and the catalyst from the ?rst 
stage catalytic cracking zone to'a second stage catalytic 
cracking zone wherein a dense bed of catalyst particles 
is formed and the hydrogenated gas oil is further cata 
lytically cracked at a temperature of 800—900° F., with 
drawing the products from the second stage catalytic 
cracking zone and separating them into gas, gasoline and 
second stage catalytically cracked gas oil fractions, trans 
ferring the catalyst from the second stage catalytic crack 
ing zone together with a combustion supporting oxygen 
containing gas to a regeneration zone, burning the car 
bonaceous deposits from the catalyst particles and trans 
ferring the hot regenerated catalyst back to the ?rst 
stage catalytic cracking zone. 
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