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This invention relates to the production of 
motor fuel from petroleum oil, and it pertains. 
more particularly to processes for converting a 
wide variety of petroleum fractions into high 
octane number gasoline. The invention is appli 

- cable to the production of gasoline from. crude 
oil, but while this is a preferred embodiment, it 
should be understood that the invention is equally 
applicable to the wide variety of petroleum frac 
tions from various refining processes. w 
The object of my invention is to increase the 

yield and quality of gasoline obtainable from 
crude oil. A further object is to increase the 
yield and quality of gasoline obtainable from 
various oils and gases resulting from petroleum 
refinery operations. 
A further object of my invention is to provide 

an integrated System of thermal and catalytic 
processes. wherein each specific process is corre 
lated with the other processes so that maximum 
thermal and operating efficiency is secured 
throughout the whole system, and wherein the 
products from one process may be most effec 
tively utilized in each of the correlated processes. 
A further object is to provide an improved com 

bination of conversion processes operating with 
diferent feed stocks and under the Same.or dif 
ferent conditions of temperature and pressure, 
either with or without the presence of specific 
catalysts, so that optimum conditions are ob 
tained in each conversion process, optimum 
charging stocks are available for each conversion 
process, and optimum refining methods are pro 
vided for the products of each process, 
A further object is to simplify the apparatus 

and operation of a system for converting crude 
oil to high quality motor fuel, to decrease the 
cost and increase the efficiency of such systems. 
Other objects will be apparent as the detailed 
description of my invention proceeds. 
My process comprises three major conversion 

steps: 
. (1) Catalytic conversion of gas oil, either with 

or without heavy naphtha to produce high 
anti-knock motor fuel, a certain quantity of 
hydrocarbon gases and first cycle gas oil; 

(2) Catalytic conversion of this first cycle gas 
oil fraction, with or without the heavy naphtha, 
along with propane-butane fractions to pro 
duce high anti-knock motor fuel, a certain 
quantity of gases and a second cycle gas oil; 

(3) The catalytic conversion of the second cycle 
gas oil along with light hydrocarbon gases and 
hydrogen to produce high anti-knock motor 
fuel, a certain quantity of gases and a third 
cycle stock, the third cycle stock being recycled 
with the second cycle stock in this step. 
Other steps in the process include the dehy 

drogenation of light naphtha, the viscosity break 

(C. 196-9) 
ing of reduced crude and optionally the catalytic 
dehydrogenation of the propane-butane fraction. 
The gases from each of the above steps are con 
bined and then separated into light and heavy 
fractions, the heavy fractions either with or with 
out dehydrogenation going to the second step, 
and the light gases, together with hydrogen, going 
to the third step. 
The temperatures and pressures in each of these 

steps necessarily vary with the particular stocks 
treated and the particular catalysts employed, all 
of which will be hereinafter set forth in more 
detail. A common stabilizer is used for the three 
conversion processes. Hot products from one 
process are introduced directly into the hot feed 
stocks entering another process so that maximum 
thermal efficiency is obtained. By the particular 
combination of processes herein above described 
I can not only markedly increase the yield of 

20 gasoline obtainable from any given crude, but 
I can obtain a higher quality motor fuel, one 
which is particularly characterized by a very high 
knock rating. 
The invention will be more clearly understood 

25 from the following detailed description, and from 
the accompanying drawing which forms a part 
of this Specification and which diagrammatically 
represents the arrangement of a preferred emi 
bodiment of my apparatus or system, 
Crude oil is heated in conventional exchangers 

and coils and is introduced at a temperature of 
about 500 F. to 800 F. through line O into crude 
oil fractionating tower , wherein it may be sepa 
rated into as many fractions as desired. Pref 

85 erably, the vapors from the top of the tower 
pass through line 2 and cooler 3 to separator 
4, a light naphtha being withdrawn from the 
bottom of the separator through line 15, and un 
Condensed gases being transferred through line 
6 to compressors . 
Heavy naphtha is taken off as a side stream 

through line 8 and it may optionally be passed 
through line 9 to be processed with first re 
cycle gas oil, or through line 20 to be processed 
with gas oil. The gas oil is withdrawn as a side 
stream through line 2 and reduced crude is 
withdrawn from the bottom of the tower through 
line 22. . . . . . 
The light naphtha may be suitable for blending 

50 without further treatment, but if desired, its 
octane number may be increased by subjecting 
it to a catalytic dehydrogenation of the type 
which will be hereinafter described. Such a de 
hydrogenation process will not only increase the 

55 knock rating of the light naphtha, but it will 
furnish useful hydrogen for step 3, hereinabove 

... described. If the naphtha is dehydrogenated it 
will be by-passed through line 23 through dehy 
drogenation system represented by the rectangle 

60 24, the hydrogen being passed through line 25 to 
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and gases are withdrawn overhead through a 
suitable reducing valve to line 5, to line 4, coole 
45, gas separator 46 and stabilizer 7. 
The second cycle gas oil is withdrawn from 

the base of bubble tower 56 through line 58, 
and is forced by pump 59 through the coils of 
pipe still 60, thence through line 6 to the cata 
lyst chambers 62 of zone C. This second cycle 
gas oil is admixed with hydrogen, methane, 
ethane, ethylene, etc., from line 63, which may 
be introduced in line 58 ahead of the pump or 
compressor 59, or which may be separately con 
pressed and introduced into the line between 
pump 59 and the coils of the pipe still 60. The 
temperatures in catalyst chambers 62 of Zone 
Cate somewhat higher than those used in Zone 
B- and may range from 900 to 1050 F. Pressures 
in zone C are preferably considerably higher than 
those used in zone B, and may range from 200 
to 2000 pounds per square inch. The catalysts 
in zone C are preferably those commonly de 
scribed as sulfur containing hydrogenation cata 
lysts of which molybdenum sulfide is an exam 
ple. The purpose of zone C is to obtain an ef 
fective reaction between gases rich in hydrogen 
and a cycle stock of low hydrogen content, so 
that a maximum yield of gasoline of compara 
tively high octane number can be produced with 
a minimum amount of coke formation, and pref 
erably without the formation of tar. 
The products from Zone C are introduced 

through line 63d to bubble tower 64, the gasoline 
and gases being withdrawn from the top of this 
tower through line 65 containing a suitable pres 
sure reduction valve to line 57, and the heavier 
products being withdrawn from the base of this 
bubble tower through line 66 and recycled along 
with second cycle stock from line 58 through the 
coils of pipe still 60 and through the zone C 
catalyst chambers. 
The gasoline and gases from all of the bubble 

towers is cooled in condenser 45 and introduced 
into separator 46, the condensate being intro 
duced into stabilizer 47, as hereinabove described. 
This stabilizer is preferably operated at a pres- 45 
sure of about 100-300 pounds per square inch, 
and it may therefore be desirable to provide Sep 
arate separators for the gasoline from low pres 
sure and high pressure bubble towers. Finished 
gasoline is withdrawn from the base of the sta-0 
bilizer tower through line 67. The overhead from 
the stabilizer is withdrawn through line 68 to 
cooler or condenser 69 and thence to separator 
70. Liquid from this separator may be used as 
reflux in the stabilizer or passed by line 7 to 
line 72. 
Uncondensed gases from separator 46 are in 

troduced through line 73 to line 6, and uncon 
densed vapors from separator 70 are introduced 
through line 74 toline 6. Line i 6 will thus con- 0 
duct all of the hydrogen, methane, ethane, eth 
ylene and perhaps some propane, propylene, bul 
tanes and butylenes to compressor f which will 
boost the pressure of these gases to about 300 
pounds per square inch, or higher. 
pressed gases are partially condensed in cooler 
75 and introduced into separator 6. A fraction 
containing predominately hydrogen, C1 and C2 
fractions is withdrawn through line 63 for in 
troduction into feed stock going to Zone C, as 
hereinabove described. The condensate from 
separator 76, which contains chiefly C3 and C4 
fractions, is withdrawn through line 6a to line 
72, from which it may be passed through line 53 
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to the feed stock entering zone B. A light pres 
süre absorber and stripper may be substituted for 
separator 76 with certain resultant economies in 
which case line 74 may lead directly to the ab 
sorber. 
These fractions from line 72 may alternative 

ly be passed through line 77, pipe still coils 
and line 79 to dehydrogenation catalyst chambers 
80 of Zone D. The temperature of this 2One is 
of the same order as that used in zone B, namely, 
about 800 to 1000 F, and the pressures Imay 
likewise be about the same as used in zones. 
The catalyst used in the dehydrogenation of 
2One D is preferably a chrome oxide gel or a 
nagnesium chromite, although it should be un- . 
derstood that any well-known dehydrogenation 
catalyst may be employed. Dehydrogenated 
C3-C4 fractions are withdrawn from zone D 
through line 54 for admixture with hot Wapors 
entering zone B, in which case the pressure in 
29ne B will preferably be maintained at below 
200 pounds per square inch, or, they may be in 
troduced through line 8 for use in the catalytic 
conversion of heavy naphtha, as hereinabove de 
scribed. This conversion of heavy naphtha with 
dehydrogenated C3-C4 fractions may be effected 
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either catalytically or thermally. The catalytic 
reaction conditions will be approximately the 
same as those hereinabove described in connec 
tion with zone B. If a thermal process is used, 
temperatures of the order of 1050 to 1100 F. 
are preferred, with pressures upwards of 500 
pounds per Square inch. 
While I have described a common stabilizer 

tower for light naphtha, converted heavy naph 
ha., and gasoline from bubble towers 43,56, and 

it should be understood that each or any of . 
these gasoline fractions may be Separately sta 
bilized if desired, without departing from the 
Spirit of my invention. The finished gasoline 
is preferably a blend of the products produced 
in each of the above-enumerated steps, but it 
should be understood that particular products 
may be segregated for specialuse. 

It will be noted that all of the gases from all 
9f the zones of my system are fractionated 
in a common separator, Segregated and utilized 
in those processes for which they are most suit 
able. Reaction in zone B, for instance, effects 
a certain amount of reaction of gaseous olefins 
with normally liquid paraffins or gaseous paraf 
fins with normally liquid olefins. These reactions 
produce highly branched paraffin and olefin hy 
drocarbons of high knock rating. Similarly, in 

5 Zone Cthere will be a certain amount of poly 
merization, hydrogenation, alkylation and gas re 
version, so that the resulting motor fuel will con 
sist of branched chain hydrocarbons which are 
richer in hydrogen than the second cycle gas oil 
charging stock, and which are characterized by 
a very high antiknock rating. 
Widely varying fractions of crude oil are thus 

converted almost entirely into gasoline of high 
antiknock value, only a small amount of tar be 

5 ing. Withdrawn through line 4. It may bene 
R from time to time to vent a portion of the 

8 it gas component from the system thr 
line 82 to the burner gas lines. ough 
While I have described in detail a preferred 

embodiment of my invention, it should be under 
stood that I do not limit myself to any of the 
details hereinabove described, and it should also 
be understood that the above description has 
been simplified by purposely omitting details of 
heat exchange expedients, and of a large num 

  



4 
ber of steam lines, water lines, pumps, com 
pressors, valves, etc., which will be necessary for 
operation, but which are not shown for reasons 
of clarity. Regeneration equipment and catalyst 
chamber construction has not been described in 
detail for the same reason. Such details of Con 
struction and operation are well-known to those 
skilled in the art, and their inclusion in this de 
scription would tend to confuse rather than to 
clarify the description of the invention. 

claim: 
1. The method of converting petroleum oll to 

high antiknock motor fuel which comprises frac 
tionating said oil into naphtha, virgin gas oil 
and reduced crude, thermally converting the re 
duced crude into tar and light products includ 
ing gas oil, gasoline and gases, catalytically 
cracking the virgin gas oil, fractionating the 
products from the catalytic cracking together 
with the products from the thermal conversion 
to separate gasoline and gases from a first cycle 
gas oil, separating hydrogen and methane from 
said gases to obtain a C3-C4 hydrocarbon frac 
tion admixing said C3-C4 fraction with said first 
recycle gas oil, and catalytically converting said 
mixture to form a second cycle gas oil, and a 
high antiknock gasoline characterized by 
branched chainstructure. . 

2. The process of claim 1 which includes the 

?,857,788 
converting said reduced crude, together with said 
heavy products from the catalytic cracking step 

5 

to form tar, first cycle gas oil, gasoline and gaSeS, 
separating the gasoline and gases produced in 
the catalytic cracking and thermal conversion 
steps from the combined gas oils produced there 

Io 

in, catalytically converting said combined gas 
oil, together with an admixed C3-C fraction to 
produce high quality gasoline, gas, and a second 
cycle oil, separating said second cycle oil from 
said gasoline and gas, catalytically converting 
said second gas oil in the presence of a gas rich 
in hydrogen to form high quality gasoline and 
gas and separating the gas from the gasoline 
produced in each of the above steps, fractionat 
ing said gas into a C3-C4 fraction, and a frac 
tion rich in hydrogen, returning the C-C frac 
tion for conversion with first cycle gas oil, and 
returning Said fraction rich in hydrogen for con 

25 

further step of admixing a gas rich in hydrogen 30 
with the second cycle gas oil, and catalytically 
converting said mixture into high antiknock 
gasoline under a pressure of about 200 to 2000 
pounds per square inch in the presence of a hy 
drogenation catalyst. 

3. The method of converting crude petroleum 
oil into high quality motor fuel, which comprises 
fractionating said oil into naphtha, gas oil and 
reduced crude, . catalytically converting said 
naphtha to form high antiknock motor fuel and , 
gases, catalytically cracking said gas oil to form 
high antiknock motor fuel, together with gases, 
a cycle gas oil, and heavier products, thermally. 

version with said second cycle gas oil. 
4. In the process of claim 3, wherein the C-C, 

fraction is dehydrogenated before it is returned 
for admixture with said first cycle gas oil. 

5. The method of claim 3 wherein the catalytic 
cracking is effected at a pressure of about atmos 
pheric to 50 pounds per square inch and a tem 
perature of about 800 to 1000 F, wherein the 
conversion of the first cycle stock with the C-C, 
fraction is effected at a temperature of about 800 
to 1000 F. and at a pressure of about atmos. 
pheric to 200 pounds per square inch, and where 
in the catalytic conversion of the second cycle 
stock with the fraction rich in hydrogen is ef 
fected at a temperature of about 900 to 1050 F. 
under a pressure of about 200 to 2000 pounds per 
Square inch. 

6. The process of claim 3 wherein the catalyst 
employed in the conversion of the first cycle gas 
oil with the C3-C4 fraction is a mixture of a 
???ydrofenation catalyst with a cracking cata yst. 
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