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1. 
This invention relates to a process for the im 

proved production of cracked gasoline and fuel 
oil from reduced crude petroleum and similar 
heavy oils in a more practical and economical 
Il2ll6. - 

Ga Soline is by far the most important product 
of the petroleum industry. The first goal of this 
industry is, therefore, to produce the maximum 
quantity of gasoline of highest possible quality 
from a barrel of petroleum at the least possible 
cost. Perhaps the most important step forward 
towards this goal in recent years. was the intro 
duction of catalytic cracking. This process af 
fords good yields of gasoline of considerably im 
proved quality and is now in Wide commercial 
use throughout the country. Although there are 
instances in the patent literature where it is in 
dicated that the catalytic cracking process is 
applicable for the conversion of the most varied 
hydrocarbon oils, including heavy residual ma 
terials such as reduced crude petroleum, it is 
well established in practice that in order for 
catalytic cracking to be economically attractive 
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it is necessary to process relatively clean oils of . . 
a non-refractory nature. Residual oils contain 
traces of ash constituents which quickly poison 
the cracking catalyst. Also, when it is at 
tempted to Crack residual oils. Such as reduced 
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crude petroleum it is found that the oil is largely ; 
decomposed into a coke-like material which de 
posits on the catalyst and must be removed by 
burning. Even relatively clean oils vary greatly 
in their tendencies to produce coke in catalytic 
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Cracking and thus vary widely in their suitability : 
as feed stocks for the process. One of the major 
problems of the petroleum industry, therefore, 
is to provide from a given quantity of petroleum 
the maximum amount of distillate stock suitable 
as a feed stock for the catalytic cracking process. 
The preferred feed stock is a straight-run distill 
late oil of the nature of gas oil obtained from 
petroleum by simple distillation. However, the 
amount of feed stock that can be so obtained 
is limited and the amount of residue fraction is 
large. Consequently, methods have been devised 
for cutting more deeply into the residue fraction 
in order to obtain greater quantities of catalytic 
Cracking feed Stock at the expense of the residue. 
In One Conan Only used method the residue is 
subjected to vacuum distillation to recover ad 
ditional amounts of higher boiling distillate, so 
called flashed distillate. In another method the 
residue fraction, with or without prior vacuum 
distillation, is Subjected to a mild thermal treat 
ment, sometimes loosely referred to as viscosity 
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2. 
breaking, after which vaporizable gas oil con 
stituents formed by the thermal treatment are 
separated by distillation. The feed stocks pro 
duced by such methods are generally inferior to 
virgin straight-run gas oil as catalytic cracking 
feed stocks but are applicable in the catalytic 
cracking process. 
There are two main problems encountered in 

the preparation of catalytic cracking feed stocks 
from residue fractions by these methods. The 
first is in producing a large quantity of feed 
stock without impairing the quality unduly. It 
may be stated as a general observation of past 
experience that the quality of the feed stock de 
clines sharply as One cuts deeper into the residue 
fraction. The second deals with the quality of 
the residue left after removing the distillate in 
tended as catalytic cracking feed stock. This 
residue is blended with other oil (so-called cutter 
stock) to specification viscosity and sold as fuel 
oil. It is desired to dispose of this residue in 
this manner but, on the other hand, it is also 
desired to maintain the production of fuel oil at 
a minimum since it has a relatively low value. 
As the amount of produced catalytic cracking 
feed stock is increased, the amount of residue 
decreases, which is desirable, but, on the other 
hand, the amount of cutter stock required to pro 
duce a Suitable fuel oil increases so that the 
amount of fuel oil produced increases when the 
maximum production of distillate oil is ap 
proached. As the amount of distillate oil re 
moved from the residue is increased by deeper 
distillation and/or viscosity breaking the quality 
of the remaining residue fraction and the re 
Sulting fuel oil declines. Thus, for example, it 
is possible in a typical case to remove 45% of a 
so-called long residue (reduced crude) as a vir 
gin gas oil. Which is an excellent feed stock for 
catalytic cracking. If now through viscosity 
breaking or other conventional means 70% of 
the long residue is removed as distillate oil, it is 
found that the distillate oil is of much poorer 
quality as a catalytic cracking feed stock. If a 
still greater portion of the long residue is con 
verted to distillate oil the distillate oil is of still 
Worse quality as a catalytic Cracking feed stock 
and it is impossible to utilize the residue in fuel 
Oil. It is thus seen that as the amount of catalyt 
ic Cracking feed stock produced from a given 
quantity of petroleum is increased by present 
methods the quality of the feed stock declines, 
the amount of fuel oil increases, the quality of 
the fuel oil decreases and, if carried beyond a 
certain point it becomes impossible to produce 



2,668,675 
3 

fuel oil at all. As a result of this condition and 
the complicated nature of the processes, no so 
lution satisfactory in all respects has been de 
veloped so far and the refiner is required to strike 
a compromise which is not completely satisfac 
tory with respect to maximum, quantity of cata 
lytic cracking feed stock, quality of catalytic 
Cracking feed stock, minimum quantity of fuel 
oil, or quality of fuel oil. 
The object of the present invention is to pro 

vide a process Wherein this compromiise may be 
shifted towards the desired goal thereby allowing 
a larger production of the desired catalytically 
Cracked gasoline and a Smaller quantity of fuel 
oil of Satisfactory quality from a given quantity 
of petroleum. It is, furthermore, an object of 
the invention to provide a method for accorn 
plishing the object in a practical manner while 
producing high quality gasoline with a low coke 
production. 
These objects are accomplished by the process 

hereinafter described in which selective cata 
lytic Cracking is applied in combination withise 
lective thermal cracking in a particular man 
ner designed to decrease the normal loss of 
quality of the distillate and residue "upon pro 
ducing a greater quantity or 'catalytic cracking 
feed stock from residual oils. The term 
lective' is used to indicate that the materials 
are Segregated into fractions of different char 
acters, each of which is Subjected to conditions 
most Suitable for a more or less specific conver 
sion. The process also has the advantages of 
flexibility and good controlability which i are of 
much importance in practical application. 
The process is explained in more detail in the 

following description made: with reference to the 
accompanying drawing which illustrates by 
means of unscaled semi-diagrammatic figures 
the main flows and apparatus in a plant de 
signed to operate in accordance with the prin 
ciples of the invention. Referring to the draw 
ing, the initial material is introduced into the 
plant-by line . This initial material is normal 
ly so-called reduced crude, which is to say the 
residue remaining from topping crude petrole 
um. If the topping is carried out only to remove 
the Straight-run gasoline, and possibly some 
kerosene, the residue is referred to as a long 
residue. If the topping is carried out under 
more drastic conditions to remove straight-run 
gas oil, the residue is referred to as short resi 
due. . . The residue in either case boils mainly 
above 315° C. and contains thermally unstable 
and undistillable materials. While the process 
is particularly directed to the application of re 
duced crude petroleum, it will be apparent that 
hydrocarbon, oils of a similar nature derived 
from oil shale and other sources are also appli 
cable. , 
The initial material, as described above, is 

first subjected to a light thermal cracking treat 
ment which may belikened to conventional vis 
cosity breaking but differs therefrom in two re 
spects. Firstly, the thermal treatment is car 
ried out in the presence of appreciable amounts 
of straight-run gas oil which is still retained in 
the initial material. Secondly, the thermal 
treatment is carried out in the presence of a 
heavy gas oil which is a mixture of catalytically 
cracked gas oil and gas oil formed by a mild Se 
lective catalytic cracking operation to be de 
scribed. Thus, the initial material containing 
straight-run gas oil entering by line. is con 
mingled with the heavy gas oil mixture from 
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4 
line 56 and the resulting mixture is passed 
through a cracking furnace 2 in which it is heat 
ed under a Small Superatmospheric pressure to 
a temperature affording a mild or light thena 
Cracking. The Severity of the thermal cracking 
may be judged by the amount of gasoline pro 
duced. Under Suitable conditions not more than 
about 5% gasoline (205 C. E. P.) is produced. 
En a typical case the mixture is heated to about, 
480 C. under two atmospheres pressure in the 
cracking coil with the production of about 1% 
gasoline. The mixture is then subjected to a 
iflash - distillation in Column 3 at approximately 
atmospheric pressure. A small amount of de 
phlegmation may be provided column 3 in order 
to sharpen the Separation but this is not essen 
tial and is not illustrated. Also, if desired, Some 
additional heat may be supplied to the chainber 
3 by heating and recirculating a portion of the 
Overhead vapors. This variation, although ad 
Wantageous, is not essential and, in the interest 

- of simplicity, it is not included in the illustrated 
fiOW. 
The vaporous overhead product from column 

3 consists mainly of distiliate oil comprising 
straight-run gas oil separated from the initial 
'material as well as distillate oil produced by both 
thernal and catalytic cracking of higher boiling 
oils; it also contains a Small amount of gasoline 
and Some gas. This product is passed by line 
-4 to a dephlegmator 5. In dephlegmator 5 the 
material is separated into a light oil boiling up 
to about 480° C. which is withdrawn by line 2 
and a fraction of gasoline plus gas which is 
passed through a cooler 6 to a separator 3. The 
gases are withdrawn by line and combined 
with the gases from the catalytic cracking op 
eration for further handling in the conventional 
manner. The gasoline is withdrawn by line 5, 
e.g., at a temperature of 38 C. and 1.7 atmos 
pheric pressure. The temperature at the top of 
dephlegmator 5 may be controlled by the recir 
culation of reflux through lines 9 and 3 and 
pump ?i. Any light components which are dis 
solved in the oil fraction separated out in the 
dephlegmator 5 do not interfere with the cata 
lytic cracking of this fraction as these light 
products pass through the catalytic cracking re 
actor Without being appreciably affected; they 
are finally recovered when the end products are 
Worked up. 
The residue fraction from the botton of the 

flash distillation chamber 3 contains the heavier 
portion of the unconverted initial feed as well 
as a considerable portion of two types of heavy 
distilate oils. These two types of heavy dis 
tillate oils, although contained in a Single frac 
tion, are distinct as one is produced by a Wety 
mild catalytic cracking of heavy oil and is rela 
tively non-refractory, whereas the other consists 
of heavy oil produced from light oil in a severe 
catalytic cracking operation and is quite re 
fractory. This residue is passed by line 2 to a 
second flash distillation, column 3, which is op 
erated at a Sub-atmospheric preSSure, e. g., 
20-40 mm. Hg. The conditions in column 3 
are regulated to remove overhead as much naa 
terial as possible while still retaining a reside 
which can be blended to produce fuel oil. This 
regulation may be through control of the pres 
sure. Thus, the amount of residue decreases as 
the pressure is reduced. By suitably reducing 
the pressure, the desired amount of overhead 
product may be obtained without the necessity 
of supplying additional heat. In a typical case, 





2,668,875 
7 

steam, i.e. g. 50-200 mole per cent via line 28. 
To help in adjusting the reaction conditions to 
the optimum in any given case the following re 
lations may be used: the conversion increases by 
2.7% by weight, based on the feed, for each 10 
C. rise in the reaction temperature; doubling the 
rate of throughput lessens the conversion by 
5-10% by weight; doubling the catalyst-to-oil 
weight ratio increases the conversion by 3-6% 
by weight. 
The catalyst which comes through line 24 to 

the reactor 27 flows against a deflector cap 29 
so that it is diverted in the direction of the cata 
lyst bed 30 in the reactor while the vapors es 
cape upwards. During the time that the cata 
lyst moves in the direction of the bed 3i, it cornes 
into contact with the stream of vapors escaping 
from the catalyst bed 30 whereby heavy voia 
tilizable components of the coke on the catalyst 
are largely stripped before the catalyst Settles in 
the bed 30. The oil components which remain 
absorbed on the catalyst are Subjected to Crack 
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ing conditions in the bed 30 so that part of the 
absorbed oil component is removed and very lit 
tle coke remains on the catalyst. 
The catalyst introduced into the reactor 2 by 

tube 24 collects in the lower Section of the re 
actor as the bed 30 which constitutes the main 
catalytic cracking zone. Thus, whereas the 
residence time of the catalyst in tube 24 is only 
a matter of seconds, the residence time of the 
catalyst in bed 30 is several minutes, e. g. 10-15 
minutes. The temperature in the bed 30 is lower 
than that in tube 24 due to the endothermic heat 
in the cracking reaction. By Way of example, 
the temperature in the bed 30 may be 480 C. 
when the temperature in the tube 24 is 515 C. 
The above described light gas oil catalytic 

cracking feed, after being suitably preheated if 
desired in a coil in furnace 23, is introduced, e. g. 
at 4.25° C., into the catalyst bed 30 near the bot 
tom. If desired, some hot regenerated catalyst 
may also be fed to the bed 30 together with the 
light oil fraction to increase the temperature 
in the reactor, but this is not usually necessary 
and is not illustrated. The catalyst in the bed 
30, unlike the catalyst in tube 24, is retained in 
a fluidized condition (pseudo liquid state) by the 
vapors of the light gas oil feed. Under the rela 
tively severe cracking conditions prevailing in 
the bed 30, the light gas oil feed is catalytically 
cracked with the production of a large yield of 
high quality gasoline. The conditions may vary 
from case to case but are typically as follows: 
Light gas oil feed, 0.85–0.88. 

specific gravity. 
Temperature ------ 450-550° C. 
Throughput rate--- 0.2-1.0 kg./hr./kg. catalyst. 
Catalyst/oil, weight 2-20. 

ratio. 
PieSSure ---------- 1-5 atmosphereS. 

The level of the bed 30 may be adjusted to 
give a space velocity affording the desired con 
version to gasoline and may be maintained Sub 
stantially constant at the desired level by With 
drawing catalyst through line 3 to a stripping 
vessel 32 wherein it is stripped of occluded and 
absorbed hydrocarbons by steam or any other 
suitable stripping gas introduced by line 33. 
The stripped catalyst is then picked up by a 
stream of air from line 6 and carried to the 
regenerator 26 wherein the remaining carbona 
ceous deposits are burned in the conventional 
manner. In order to avoid overheating of the 
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8 
catalyst in the regeneration one, a portion of 
the catalyst may be continuously withdrawn by 
standpipe 63 and recycled with air from line 62 
through a cooler 64. Steam generated in the 
cooler 64 may be used as a stripping gas. 
The vaporous mixture of stripping gas, cat 

alytically cracked gasoline, catalytically cracked 
gas oil, gas oil produced by the mild catalytic 
Cracking in tube 24, and some unconverted oil, 
is withdrawn from the catalytic cracking re 
actor by line 39 and passed to a fractionating 
column 40. In fractionating column 4) gases 
and gasoline vapors are removed at the top and 
fed through line 4 via cooler 42 to a separator 
43 in which a nonstabilized gasoline with a final 
boiling point of, for example, 205 C. is sep 
arated off at, for example, 38 C. and a pressure 
of, for example, 1.35 atmospheres. The uncon 
densed gases are discharged through line 4. 
The temperature at the top of the fractionating 
column may be regulated in the conventional 
manner by recirculating reflux by means of pump 
45 through line 46 and cooler 4. 
A gas oil fraction is removed from the frac 

tionating column 40 through line 48 and freed 
of lighter components in side stripper 49. The 
lighter components are fed back to the fraction 
atting column through line 50 while the gas oil 
fraction boiling between, for example, 205 C. 
and 370° C. is removed through Eine 5 via pump 
52 and cooler 53. 
An oil fraction which boils, for example, be 

tween 35° C. and 540° C. is removed via line 
54 and pump 55. This fraction, which consists 
to a large extent of light oil produced by the 
riild catalytic cracking in the tubular reactos' 
24, is passed to line 3 wherein it commingles 
with the above-described light gas oil catalytic 
cracking feed and is Cracked therewith under 
the relatively severe conditions maintained in the 
fluidized catalyst bed 30. 
The temperature in the lowest part of the frac 

tionating column 40 may be regulated by cir 
culating part of the bottom product via line SS, 
pump 57, cooler 58 and line 59. The remaining 
part of the bottom product discharged through 
line 56 is fed by means of pump 60 to the Supply 
line where it commingles with the fresh feed 
as described above and is then further Subjected 
to the described thermal cracking treatment in 
the presence of the initial feed. The heavy oil 
supplied from line 56 and combined with the 
initial feed may comprise, for example, approxir 

, mately 25% of the total fresh feed. The par 
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ticular manner of utilizing the heavy botton 
product of fractionating column 40 as well as 
the distillate gas oil fraction withdrawn by line 
5A are essential parts of the present method. 

It Will be noted that in the described process 
the initial material to be cracked is divided into 
a lower and a higher boiling distillate fractioi. 
The higher boiling fraction is cracked at a 
higher temperature and during a shorter period 
in the presence of the catalyst than the lower 
boiling fraction, and in Such a particular Way 
as to obtain a product containing, besides gaS 
oil, higher boiling components which are partly 
conducted in a cycle to the lower boiling fraction 
to be cracked, whilst still higher boiling coin 
ponents are combined with the fresh initial ma 
terial and subjected together with this to a ther 
mal cracking treatment in order to increase the 
content of products which can Suitably be used 
as feed for the catalytic cracking, whilst the 
products obtained by catalytic cracking of the 
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lower boiling fraction are worked up, together 
With the products obtained from the higher boil 
ing fraction, on the said end and cycle products. 
Thus, the lower and higher boiling fractions 
treated are not straight run fractions but com 
posites of thermal and catalytic fractions which 
are particularly chosen for handling in the Spe 
cific described manner. 

Eacample.-5000 tons of a reduced crude boil 
ing above 315° C. (obtained by topping crude 
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petroleum) are fed daily through line of a 
plant such as illustrated in the attached draw 
ing and, together with 1000 tons per day of heavy 
oil, the origin of which will be Subsequently ex 
plained, are Subjected to a mild thermal Crack 
ing treatment under a pressure of two atmos 
pheres and to a temperature of 482 C. (meas 
ured in the Outlet of the Cracking furnace). The 
product from the cracking furnace is conducted 
to a flash column 3 whence vapors obtained are 
conducted to a dephlegmator 5 from which a 
fraction boiling between 260 C. and 482 C. 
amounting to 2400 tons and Composed of 350 
tons of thermally cracked oil, 650 tons of fresh 
feed and 400 tons of products from the heavy 
cycled oil is fed daily to the preheater 23 to 
gether with 1200 tons per day of cycled oil boil 
ing between 315° C. and 540° C. which is with 
drawn from the fractionating column 40. 
The residue obtained in the flash distillation 

in column 3 is subjected to a Second flash dis 
tilliation at a pressure of 30 millimeters of mer 
cury and a temperature of 455 C. 
A quantity of pitch-like residue amounting to 

1050 tons/day, 850 tons of which comes from 
the fresh feed and 200 tons Of Which comes from 
the heavy cycled oil, is removed from the low 
pressure flash chamber and blended with cutter 
stock to specification fuel oil viscosity. In addi 
tion, there is obtained from the low pressure flash 
chamber 2400 tons of distillate, 400 tons of which 
are obtained from the heavy cycled oil. This 
raterial is passed to the preheater 23 in which 
it is preheated to a temperature of 370° C. The 
material is then brought into contact with freshly 
regenerated catalyst having a temperature of 
590° C. and passed to a tubular reactor 24. The 
temperature in the reaction zone 23 is about 
515° C. 
The light catalytic cracking feed consisting of 

the light gas oil recovered in the first flash dis 
tillation and gas oil removed from the product 
fractionating column 40 is preheated in preheat 
er 23 to 426° C. and then passed to the reactor 
2. Where the temperature is maintained at 
482 C. 
The total vaporous product from the reactor 

2 is passed to a fractionating column 40 from 
Which a gasoline fraction (2060 tons) is removed 
at 205 C. and 1.35 atmospheres. At an interme 
diate point in the fractionating column where 
the temperature is 260° C., a light fraction of 
catalytically cracked gas oil is removed. At a 
Still lower point in the fractionating column 
where a temperature of 315° C. prevails, a frac 
tion of cycle oil is removed in the quantity of 
1200 tons daily. Heavy gas oil is discharged at 
the bottom of the fractionating column at 370° 
C. and is conducted in a quantity of 1000 tons 
per day by line and mixed with incoming fresh 
initial material. 

ihus, out of 1000 tons of heavy oil which are 
cycled per day through the thermal cracking ap 
paratus in a mixture with the fresh feed, 400 
tons are converted into light catalytic cracking 
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feed, 400 tons are rerouted to be converted into light catalytic cracking feed by the mild catalytic 
cracking treatment, and 200 tons are removed 
as a pitch-like residue of such quality that it 
may be blended with cutter stock to produce 
stable fuel oil of suitable viscosity. The total 
quantity of gas, including the C4 components, 
amounts to 650 tons per day, 50 tons of which 
are formed in the thermal cracking operation. 
The quantity of coke deposited on the catalyst 
and subsequently burned in the regeneration step 
amounts to 240 tons per day, or only 4.8% by 
Weight of the feed. Of the 2060 tons of gasoline 
produced only 100 tons is thermal gasoline; thus 
the ratio of catalytic to thermal gasoline pro 
duced is 19.6. 
Although the invention is particularly suitable 

for use With a fluidized catalyst and has been 
described in that particular connection, the in 
vention is not limited to this fluidized catalyst 
technique; the principles described can also be 
applied to advantage in other forms of catalytic cracking. 
I claim as my invention: 
1. A process for the conversion of hydrocar 

bon oils in which a higher boiling and a lower 
boiling distillate fraction are prepared from an 
initial material of the nature of reduced crude 
petroleum and separately catalytically cracked, 
characterized in that the initial material is sub 
jected to a mild thermal cracking treatment in 
the presence of added recycle heavy oil produced 
as hereinafter specified and then subjected to a 
fiash distillation under substantially atmospheric 
pressure to Separate Said lower boiling discillate 
fraction from a first residue fraction, said first 
residue fraction is subjected to a flash distilla 
tion at Sub-atmospheric pressure to separate said 
higher boiling fraction and a second residue, said 
Second residue is blended with cutter stock to 
produce fuel oil, Said higher boiling fraction is 
Subjected to a mild catalytic cracking treatment 
at a relatively high temperature with freshly re 
generated cracking catalyst, said lower boiling 
distillate fraction is mixed with a light Oil, pro 
duced as hereinafter described, and subjected 
to a relatively severe catalytic cracking treat 
ment under conditions to produce a maximum 
amount of gasoline with catalyst partially spent 
in treating Said higher boiling fraction, the prod 
lucts of Said two cracking treatments being passed 
to a common fractionation zone wherein there 
are separated and removed as separate streams 
a gasoline plus gas fraction, a light gas oil fraction 
Which is said light oil and is admixed with the said 
lower boiling fraction and subjected to relatively 
Severe catalytic Cracking as aforesaid, and a high 
er boiling residue fraction which is said recycle 
heavier oil and is subjected to the aforesaid mild 
thernal treatment with said initial material as 
aforesaid. 

2. Process according to claim 1, further char 
acterized in that the catalytic cracking of said 
higher boiling fraction is carried out by passing 
Said fraction with powdered cracking catalyst 
through a tubular cracking zone at a high veloc 
ity, and the mixture of hydrocarbon products 
and powdered catalyst issuing from said zone is 
discharged into a Space above a bed of fiuidized 
cracking catalyst which constitutes the catalytic 
Cracking Zone in Which the Said light oil is cat 
alytically cracked, whereby the powdered cata 
lyst used in Said tubular cracking zone accumu 
lates in said bed and the mixed vaporous hydro 



drawn from said space as a commonstream. 
3. Process according to claim 1, further char 

acterized in that the said mild thermal cracking 
5 percent gasoline, and the said lower boiling 
distillaté oil separated from the said residue frac 
tion in the first flash distillation boils between 
about 260° C. and 540°C. RoBERT BARTLETT EwELL. 

treatment is controlled to produce no more than 5 
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