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: Patented Apr. 28, 1942 2,281,338 

UNITED STATES PATENT OFFICE 
2,281,338 

HYDROCARBON CONVERSION 
Frank G. Straka, Chicago, Ill., assignor to Uni 
versal Oil Products Company, Chicago, Ill., a 
corporation of Delaware 

Application August 18, 1939, serial No. 290,777 
(C. 196-52) 4 Claims. 

This is a continuation-in-part of my co-pend 
ing application, Serial No. 280,680. 
This invention relates to a process for the Se 

lective treatment of hydrocarbon oils and par 
ticularly crude mineral oils to produce various 
gasolines. The invention provides a process for 
obtaining a range of final products essentially 
Corresponding to the market requirements in re 
Spect of nature, quality and proportion and in 
Wolves a series of individual processing steps 
which are herein combined in a novel and ad 
vantageous manner so that they cooperate to 
produce the desired result. 
The invention involves principally catalytic 

cracking treatment of a gas-oil fraction of the 
crude hydrocarbon oil charge, and thermal re 
forming treatment of the heavy gasoline fraction 
from the crude oil concurrenty with the thermal 
cracking treatment of the recycle gas-oil from 
the catalytic cracking treatment. 
The term "thermal cracking and reforming 

treatment' as used throughout the specification 
and claims, refers to the conversion of hydrocar 
bon oils boiling above the range of gasoline into 
hydrocarbons boiling within the range of gaso 
line and to the treatment of gasoline to improve 
the Octane rating of the same without mate 
rially altering its boiling range. Catalytic 
cracking treatment refers to the conversion of 
hydrocarbons boiling above the range of gaSO 
line and gasoline boiling range hydrocarbons in 
the presence of catalytic materials. 
In a particular embodiment, the present in 

vention comprises fractionally distilling a wide 
boiling range hydrocarbon oil, such as a crude 
mineral or synthetic hydrocarbon oil into a rela 
tively light straight-run gasoline fraction, a 
heavier gasoline or naphtha fraction, one or 
more gas-oil fractions, and a distillation residue, 
recovering the relatively light straight-run gaso 
line fraction, also recovering the distillation resi 
due or subjecting the same in part or all to a 
cracking treatment for the production of gaso 
line therefrom, subjecting at least one gas-oil 
fraction from the fractional distillation to cata 
lytic cracking treatment to convert a Substan 
tial portion thereof into gasoline, separating the 
products from the catalytic cracking treatment 
into normally gaseous products, catalytically 
cracked gasoline fractions and recycle gas-oil, 
subjecting the naphtha, fraction from the frac 
tional distillation to pyrolytic reforming treat 
ment and recycle gas-oil from the catalytic 
cracking treatment to pyrolytic Cracking treat 
ment in a combination pyrolytic cracking and 
reforming system to produce gasoline, separating 
the conversion products of the pyrolytic Crack 
ing and reforming treatment into normally gas 
eous products, pyrolytically produced gasoline 
and a cracked residue. 
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In One manner of operating the process of the 
invention the fractional distillation of the initial 
charging stock may be carried out principally in 
three stages, the straight-run gasoline fraction 
and lighter products being recovered in the first 
stage, naphtha and a gas-oil fraction (or sev 
eral gas-oil fractions) being separated in the 
Second stage and the then remaining higher boil 
ing portion of the charging stock being subjected 
in a third distilling stage to separation of a gas 
oil-like distillate, which is supplied to the cata 
lytic cracking treatment, together with one or 
more gas-oil fractions from the second distilling 
stage, while the bottoms are recovered as a prod 
uct of the process. The fractional distillation 
of the initial charging stock, may, however, be 
modified without deviating from the spirit of the 
invention by first recovering a straight-run gas 
oline fraction and lighter components, if any, 
in a first distilling stage and separating the re 
maining charging stock in a second stage of 
fractional distillation into a naphtha fraction, 
One or more gas-oil fractions and a distillation 
residue, one or more of said gas-oil fractions 
and preferably the whole thereof being supplied 
to the catalytic cracking treatment and said 
naphtha fraction and the distillation residue be 
ing supplied to the pyrolytic cracking and re 
forming System to which also recycle gas-oil 
from the catalytic cracking system is supplied 
for further conversion. 
Since the invention is concerned primarily 

with the novel and advantageous manner in 
which the various steps of the process have been 
combined and not with the apparatus in which 
the various treatments may be accomplished, 
the accompanying flow diagram will serve to 
illustrate the invention in a more comprehensi 
ble form than would be possible if the many 
details of the various steps were inserted. In 
general, the flow diagram shows the individual 
steps of the process each bearing their appro 
priate legends. In the following description, 
which is to be read in conjunction with the ac 
Companying drawing, the particular steps of the 
process will be discussed so as to bring out the 
more essential details. 
Referring to the flow diagram, charging 

stock, preferably comprising a crude oil or a 
similar wide boiling range hydrocarbon mate 
rial, is introduced through line to separation 
Zone 2. Separation zone 2 may comprise a frac 
tionating zone wherein the hydrocarbon oil is 
Subjected to fractional distillation to separate 
a light gasoline fraction containing the nor 
mally gaseous hydrocarbons, a heavy gasoline 
fraction, a light gas-oil fraction, a heavy gas-oil 
fraction and a reduced crude fraction. - 
The gas fraction containing normally gaseous 

hydrocarbons is directed from Zone 2, in the case   



2 
here illustrated, through line 3 to collection and 
storage or disposed of in any suitable manner. 
The light gasoline fraction is directed from Zone 
2 through line 4 and recovered as a product of 
the process. The light gas-oil fraction is di 
rected through line 5 and may be recovered in 
part or all as a product of the process. The re 
duced crude fraction from separation Zone 2 may 
be directed through line . In the treatment of 
some crude hydrocarbon oil charging stocks, 
however, it may be preferable for obtaining Opti 
mum results to subject the whole of the reduced 
crude to thermal cracking treatment for the pro 
duction therefrom of cracked gasoline, cracked 
residuum and olefin-containing gas and in such 
embodiment of the invention and the reduced 
crude directed through lines 7 and ' to the ther 
mal cracking and reforming System 20, as here 
inafter described. 
The heavy gas-oil fraction from Zone 2 is di 

rected through line to the catalytic cracking 
system (2, wherein it is subjected to catalytic 
cracking treatment while in the vapor state. 
The heavy straight-run gas-oil fraction may also 
contain, if so desired, the light straight-run gas 
oil fraction instead of separately recovering the 
latter through line 5; or a portion or all of the 
light straight-run gas-oil fraction may be di 
rected, if so desired, from line 5 through the 
optional line 6 and commingled in line with 
the distillate oil fractions Supplied to the catalytic 
cracking system 2. 
The production of gasoline and particularly of 

aviation fuel by catalytic cracking treatment in 
volves the treatment of the catalytic cracking 
charge in a continuously operated System prin 
cipally comprising a vaporizing Zone in operative 
communication. With two reactors, which contain 
the cracking catalyst and which are alternately 
maintained in cracking Service and regenerated, 
The duration of the cycles of cracking service and 
catalyst regeneration will vary with numerous 
factors, such as cracking temperature, nature of 
the catalyst employed, contact time and nature 
of the cracking charge, and may range, for ex 
ample, from 10 to 60 minutes. The catalytic 
cracking System may comprise any desired num 
ber of reactors. The conversion of the oil frac 
tions supplied to the system f2 may be effected 
therein by a single stage treatment or by treat 
ment in several separate stages. 

Catalysts which have been found to be effec 
tive in the catalytic cracking of hydrocarbon 
vapors may comprise pellets or granules of silica 
or other siliceous and refractory materials con 
posited with compounds Selected from the group 
consisting of alumina, Zirconia, vanadia, and 
thoria. In addition, the hydro-silicates of alu 
mina, acid treated clays, or the like, have also 
been found to be effective in the Cracking treat 
ment of hydrocarbon vapors. 
Although the catalysts above recited are gen 

erally considered to be the preferred catalysts, 
their use is not to be construed as a limiting fea 
ture, for various other catalysts, well known to 
those in the art, may be employed within the 
broad scopa of the invention. Temperatures dur 
ing conversion may range, for example, from 800 
to 1200. F. While employing a pressure valrying 
from substantially atmospheric to 100 pounds or 
more superatmospheric. 
The conversion products from Zone or System 
2 are directed through line 3 to separation Zone 
4. This Zone 4 may include a vaporizing and 
separating Zone wherein vaporous conversion 
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2,281,338 
products are separated from the heavier liquid 
residue. In any case, Zone 4 will normally in 
clude a fractionating Zone wherein the vaporous 
conversion products are subjected to fractiona 
tion to separate the components of gasoline and 
lower boiling range from the components of 
higher boiling characteristics, the latter being 
condensed in the fractionating Zone as a recycle 
fraction. The fractionating Zone may at the 
same time serve to separate a heavy gasoline frac 
tion as an intermediate condensate from a frac 
tionated vaporous mixture containing a light 
gasoline and normally gaseous hydrocarbons. 
Separation zone 4, in addition to the above men 
tioned zones, preferably also includes a debutaniz 
ing Zone to which fractionated vapors are Sup 
plied in order to separate the normally gaseous 
hydrocarbons from the gasoline or light gasoline 
fraction. The catalytically pracked residuum 
fraction, in the case here illustrated, is directed 
from Zone 4 through line 5, cooled and re 
covered as a product of the process. In some 
cases, however, it may be desirable to direct this 
residuum fraction from Zone 4 through line 5' 
and 9 to the thermal Cracking and reforming 
system 20, as hereinafter described. The cata 
lytically cracked light gasoline fraction and heavy 
gasoline fraction are removed from Zone 4, by 
way of lines 6 and and l, respectively, and re 
covered as products of the process. 
The heavy straight-run gasoline fraction from 

Zone 2 is directed through line 8 and may be 
commingled with the recycle gas-oil fraction re 
moved from zone (4 by way of line 9, the mix 
ture being subjected to thermal cracking and 
reforming treatment in the thermal cracking and 
leforming System 20. The thermal cracking and 
reforming treatment employed in system 20 pref 
erably provides for converting the heavier hydro 
carbon oils to gasoline boiling range hydrocar 
bons and in addition provides for thermally 
treating the lower boiling hydrocarbons, such as 
gasoline and naphtha, to improve their octane 
rating without excessively altering the boiling 
range. The pyrolytic cracking and reforming 
System 20 may be constructed and operated in 
accordance with the practice well established in 
the art and, for example, the Dubbs process or 
any other process wherein relatively heavy oils 
are cracked thermally for the production of 
gasoline of high antiknock value, and relatively 
light oil, such as heavy gasolines or naphthas, 
are reformed into gasoline of high antiknock 
value, may be employed within the scope of the 
present invention. The preferred form of treat 
ment in System 20 consists in thermally cracking 
the recycle gas-oil fraction in a heating coil and 
communicating reaction chamber and reforming 
the heavy gasoline fraction in a separate heating 
coil. When reduced crude, supplied by way of 
line. and or liquid residue supplied from the 
catalytic cracking System 2 is to be subjected to 
thermal conversion, these oils are preferably 
commingled with the fraction of recycle gas-oil 
undergoing thermal cracking in the heavy oil 
Cracking portion of the combination thermal 
Cracking and reforming System 20 while the 
heavy Straight-run gasoline fraction is reformed 
in a light oil heating coil of the same system. 
However, when desired, both the recycle gas-oil 
fraction and the heavy gasoline fraction may be 
Subjected to treatment in the same heating coil, 
in which case a reaction chamber may or may 
not be employed. When separate heating coils 
are employed, the heating coil to which the re 
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cycle gas-oil fraction or this fraction, together 
with other high boiling oils, is supplied, may em 
ploy an outlet temperature ranging for example, 
from 850 to 1000 F. with a superatmospheric 
pressure in the range of 200 to 600 pounds or 
more per Square inch, and the heating coil to 
which the heavy gasoline is supplied may employ 
an Outlet temperature ranging, for example, from 
900 to 1000 F. with a superatmospheric pressure 
in the range of 300 to 1000 pounds per square 
inch. When both the recycle gas-oil fraction 
and the heavy gasoline fraction are subjected to 
treatment in the same heating coil, the outlet 
temperature on the heating coil may, for exam 
ple, range from 900 to 1030 F. While employing 
a Superatmospheric pressure ranging, for exam 
ple, from 400 to 800 pounds or more per square 
inch. 
The conversion products obtained in the ther 

mal cracking and reforming System are directed 
through one or more lines 2 to separation zone 
22. Separation zone 22 may comprise a vapor 
Separating Zone wherein a non-vaporous liquid 
residue is separated from the vaporous conver 
sion products, and a fractionating Zone wherein 
the vaporous conversion products are subjected 
to fractionation to separate fractionated vapors 
boiling in the range of gasoline from the heavier 
vaporous conversion products, the latter being 
condensed in the fractionating zone as reflux 
condensate. In addition, separation Zone 22 may 
include a debutanizing or stabilizing Zone where 
in the fractionated vapors are substantially freed 
from the normally gaseous hydrocarbons. The 
Cracked residuum fraction, in the case here illus 
trated, is removed from separation zone 22 by 
way of line 23 and recovered as a product of the 
process. The cracked residuum fraction, how 
ever, may, when desired, be subjected to further 
treatment, such as, for example, to coking treat 
ment or to solvent extraction. The reflux con 
densate is directed through line 24 and is re 
turned as recycle to the thermal cracking and 
reforming treatment or, when desired, it may be 
recovered as a product of the process by well 
known means, not shown. The cracked and re 
formed gasoline is directed through line 25 to 
cooling and storage and recovered as a product 
of the process. 

Normally gaseous hydrocarbons separated in 
zone 4 are directed through line 26. Similar 
fractions separated in Zone 22 are removed there 
from by way of line 27. 
An example of one specific Operation of the 

process as accomplished by using the preferred 
conditions and catalysts is as follows: 
The charging stock, comprising a 40.8 A. P.I. 

gravity crude oil, was heated to a temperature of 
700° F. and subjected to fractional distillation 
at a superatmospheric pressure of 25 pounds per 
square inch to separate a light gasoline fraction 
containing normally gaseous hydrocarbons hav 
ing an end point of approximately 212. F., a 
heavy gasoline fraction having an end point of 
approximately 472 F., a gas-oil fraction, and a 
reduced crude fraction. 
The gas-oil fraction from the fractional dis 

tillation step is subjected to contact in the vapor 
phase with a cracking catalyst consisting essen 
tially of silica, alumina, and zirconia at a tem 
perature of 932 F., under a Superatmospheric 
pressure of 60 pounds per Square inch, and at a 
space velocity of 4. The conversion products 
from the catalytic Cracking treatment were sup 
plied to a separating Zone maintained at a Super 
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3 
atmospheric pressure of 40 pounds per square 
inch wherein non-vaporous liquid residue was 
Separated from the vaporous conversion products 
and recovered as a product of the process. The 
vaporous conversion products were subjected to 
fractionation at substantially the same pressure 
as that maintained in the separation zone to sep 
arate fractionated vapors having an end point of 
approximately 300 F. from the heavier vaporous 
Conversion products, the latter being condensed 
in the fractionating zone as a heavy gasoline frac 
tion and reflux condensate. The fractionated 
Vapors were subjected to cooling and condensa 
tion and the resulting distillate and gas collected 
and Separated. 
The reflux condensate recycle gas-oil from the 

catalytic cracking treatment was commingled 
With the heavy gasoline fraction from the first 
mentioned fractional distillation and the mixture 
Subjected to thermal cracking and reforming 
treatment at a temperature of 1000 F. and at a 
Superatmospheric pressure of 600 pounds per 
Square inch. The conversion products from the 
thermal cracking and reforming treatment were 
introduced to the fractionating zone maintained 
at a Superatmospheric pressure of 175 pounds 
per Square inch wherein fractionated vapors hav 
ing an end point of approximately 400° F. were 
Separated from the heavier conversion products, 
the latter being condensed and recovered from 
the fractionating zone as a product of the proc 
ess. Fractionated vapors from the cracking and 
reforming treatment were introduced to a de 
butanizing Zone maintained at a superatmos 
pheric pressure of 60 pounds per square inch and 
Operated at a top temperature of 130° F. to sep 
arate Substantially all of the normally gaseous 
hydrocarbons from the thermally cracked and 
reformed 400 endpoint gasoline, the latter having 
an octane rating of 68 recovered as a product of the process. 

I claim as my invention: 
1. A conversion process which comprises frac 

tionally distilling hydrocarbon oil of relatively 
wide boiling range to form a gas-oil fraction 
and a heavy gasoline fraction, catalytically crack 
ing Said gas-oil fraction and fractionating the 
resultant products to separate gasoline from hy 
drocarbons heavier than gasoline, combining at 
least a portion of said heavier hydrocarbons with 
Said heavy gasoline fraction, thermally cracking 
the resultant mixture, and separating gasoline 
from the products of the last-mentioned crack 
ing step. 

2. A conversion process which comprises frac 
tionally distilling hydrocarbon oil of relatively 
wide boiling range to separate therefrom a heavy 
gasoline fraction and a fraction suitable as 
catalytic cracking stock, catalytically cracking 
the last named fraction and fractionating the re 
Sultant products to separate gasoline from higher 
boiling hydrocarbons, combining at least a por 
tion of the latter with said heavy gasoline frac 
tion, thermally cracking the resultant mixture, 
and Separating gasoline from the products of 
the last-mentioned cracking step. 

3. The process as defined in claim 1 further 
characterized in that residual portions of said 
hydrocarbon oil are supplied to the thermal 
cracking operation. 

4. The process as defined in claim 2 further 
characterized in that residual portions of said 

75 
hydrocarbon oil are supplied to the thermal 
cracking operation. 

FRANK. G. STRAKA. 


