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his inventioS relates to the treatment of hy 
iocarbo3s and nore particularly to a combina 
ior process coraprising a series of interdepend 
&Pi; and Cooperative steps for the production of 
gasoline of high antiknock characteristics and 
iew oromine number, which gasoline is particu 
25ly Suitable for use in aviation fuel. 
In a broad aspect the present invention re 

lates to a process for producing gasoline of high 
& Entiknock characteristics and low bromine num 
ser, which comprises separating an olefinic gaso 
line into a light fraction and a heavy fraction, 
catalytically retreating the light fraction in the 
presence of a phosphoric acid catalyst to pro 
dice a retreated fraction of relatively low 
bonine number and at the same time forming 
olefraic hydrocarbons which are higher boiling 
than Said light fraction, hydrogenating said 
olefanic hydrocarbons, and blending at least a 
Sportion of the hydrogenated products with said 
tetreated fraction of relatively low bromine 
Shanber. 

In one Specific enbodiment the present inven 
tion relates to a process for the production of 
gasoline of high antiknock characteristics and 
lovy bromine number, which comprises Subject 
ing oil to catalytic cracking to produce gasoline, 
Separating the gasoline from normally gaseous 
hydrocarbons and from higher boiling insuff 
ciently converted products, further separating 
said gasoline into a light fraction having an end 
boiling point within the range of from about 
200 to about 300 F. and a heavy fraction hav 
ing an initial boiling point within the range of 
from about 200 to about 300° F. and an end 
boiling point within the range of from about 
300 to about 400 F., subjecting the light gaso 
line fraction to retreatment in the presence of a 
phophoric acid catalyst under conditions to form 
a retreated light gasoline fraction having a low 
er bromine number and at the same time forming 
olefinic hydrocarbons having an initial boiling 
point above from about 200° to about 300 F., 
subjecting at least a portion of said olefinic hy. 
drocarbons to hydrogenation to form parafiinic 
hydrocarbons, and blending at least a portion of 
said parafinic hydrocarbons with at least a por 
tion of said retreated light gasoline fraction of 
lower bromine number. 

in accordance with the present invention, an 
olefinic gasoline fraction is subjected to retreat 
ment in the presence of a phosphoric acid cat 
alyst to form a retreated light gasoline fraction 
which is high in antiknock characteristics and 
low in bronine number. During such freat 

5 

20 

25 

35 

40 

45 

50 

ment, a fraction boiling above the range of said 
retreated light fraction is formed and this higher 
soiling fraction is high in olefinic hydrocarbons. 
This higher boiling fraction is unsuitable for use 
in aviation gasoline because of its high olefin 
content and, as a feature of the present inven 
tion, it has been found that this higher boiling 
olefinic fraction may be subjected to hydrogena 
tion to produce a substantially saturated product 
which is particularly suitable for blending with 
the retreated light gasoline fraction in order to 
form a final gaSoline fraction of desired boiling 
range which is of exceptionally high antiknock 
characteristics, of relatively low bromine number 
and therefore particularly suitable for use in 
aviation gasoline. 

The invention will be more fully described in 
connection with the attached diagrammatic flow 
drawing which illustrates Several Specific en 
bodiments of the invention. It is understood, 
however, that the broad scope of the present 
invention is not limited to the particular en 
bodiments illustrated in the drawing. 

Referring to the drawing, the charging stock 
to the process may comprise any suitable oil, 
which usually will be heavier than gasoline, such 
aS kerosene, gas oil, fuel oil and the like. The 
charging stock is introduced through line and 
may be commingled with certain recycle streams 
in a nanner to be hereinafter described in detail, 
and the conningled streams are supplied to 
cracking zone 2. 
Cracking zone 2 may comprise any suitable 

Cracking System for effecting the desired conver 
sion of the oil into gasoline. While a non-cat 
alytic operation' may be employed in certain 
cases, in the preferred embodiment of the inven 
tion, Zone 2 is preferably a catalytic cracking 
System. The catalytic cracking process may be 
of any suitable type and this may comprise the 
So-called fixed bed, fluidized, slurry, other types 
of moving beds, or combinations thereof. Any 
Suitable cracking catalyst may be employed, the 
preferred catalyst comprising Synthetically pre 
pared composites of silica, and alumina or other 
Suitable metal oxides. These catalysts are nor 
mally utilized at temperatures within the range 
of 800 to 1200 F, and preferably within the 
range of 950 to 1050 F superatmospheric pres 
Sures of below about 100 pounds per square inch 
and weight hourly space velocities which are 
usually above 1 and may in some cases be as high 
as 10 or even more. By weight hourly space 
Velocity is meant the weight of oil per hour per 

55 Weight of catalyst in the reaction zone. The 
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temperature, pressure, space velocity and the like 
are correlated in this step of the process to pro 
duce a gasoline of high antiknock characteristics. 
In order to obtain optimum conversions of the 
charging oil into gasoline of sufficiently high 
antiknock characteristics, the resulting gasoline 
will of necessity be of higher olefinic content 
than is permissible for use in aviation gasoline. 
The cracked products are directed through line 

3 into separation zones, which may comprise One 
or a plurality of suitable fractionating, absorbing 
or stripping zones, whereby the products intro 
duced thereto may be separated into the desired 
fractions. In accordance with the preferred en 
bodiment of the invention, hydrocarbons boiling 
from about 300 to about 400 F. are separated in 
2One 3 and are Withdrawn on the lower portion 
thereof through line S. 
products may be removed from the process or all 
or a portion thereof may be recycled by way of 
lines 6 and to zone 2 for further conversion 
therein. Normally gaseous products may be 
withdrawn through line from Zone 4 and may 
be removed from the process. These gases are 
high in olefinic content and therefore are par 
ticularly suitable for use in subsequent polymeriz 
ation, alkylation or other condensation reactions. 
A gasoline fraction which, as heretofore set 

forth, will have an end boiling point within the 
range of from about 300° to about 400 F. and 
preferably in the neighborhood of 340 to 350°F, 
is withdrawn from zone 4 through line 8 and is 
directed into separation zone 9, which may be 
similar to heretofore described zone 4. In zone 9, 
the gasoline is separated into a light fraction 
which will have an end boiling point within the 
range of from about 200 to about 300 F. and 
preferably in the neighborhood of about 250 F., 
and a heavy gasoline fraction which will have an 
initial boiling point similar to the end boiling 
point of the light fraction and an end boiling 
point within the range of from about 300 to about 
400 F. and preferably within the neighborhood 
of about 340 to about 350 F. The light fraction 
may be withdrawn from zone 9 through line to 
for further treatment in accordance with the 
present invention, as will be hereinafter described 
in detail, while the heavy gasoline fraction is 
withdrawn from the lower portion of ZOne 9 
through line for further treatment as will like 
Wise be hereinafter described in detail. 
The light gasoline fraction withdrawn through 

line 0 is directed into retreating zone 2. Re 
treating zone 2 may comprise any suitable sys 
tem containing a phosphoric acid catalyst for re 
ducing the bromine number of the light gasoline. 
fraction introduced thereto while, at the same 
time, forming a higher boiling product which is 
olefinic in nature. According to the preferred 
embodiment of the invention, zone 2 comprises 
a retreatment zone in which the gasoline is con 
tacted with an acid-acting compound of phos 
phorus at a temperature of from about 250 to 
about 750 F. and preferably of from about 350 
to about 600F. under sufcient pressure to main 
tain at least a substantial portion of the material 
in the reaction zone at the conditions of operation 
in liquid phase. Such a process is usually con 
ducted at a weight hourly space velocity of from 
about 0.5 to about 10. Satisfactory but not neces 
sarily equivalent catalysts include Ortho-phOS 
phoric acid, pyro-phosphoric acid, copper pyro 
phosphate, cadmium pyro-phosphate, etc., which 
may be employed either alone but preferably in 
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2,884889 
admixture with a suitable Supporting material, 
such as kieselguhr, pumice, bentonite, bauxite, 
and other siliceous and aluminiferous materials, 
to form a solid phosphoric acid catalyst. 
Another suitable method of operation, which is 

not necessarily equivalent to that heretofore de 
scribed, is to subject the gasoline to contact with 
a silica base catalyst under selected conditions of 
Operation. The silica base catalyst may be simir 
lar to or different than the preferred cracking 
catalyst employed in zone 2 and likewise is pref 
erably synthetically prepared although certain 
natural occurring materialis may be employed but 
not necessarily with equivalent results. These 
catalysts are usually employed at temperatures 
of between about 400 and about 700 F. under 
sufficient pressure to maintain at least a Substan 
tial portion of the material in the reaction zone 
in liquid phase. The weight hourly space veloci 
ties may be within the range of from about 0.3 
to 5. The temperature, space velocity and other 
conditions of operation are correlated in order to 
produce a final gasoline product which is low in 
bromine number. Preferably, the bromine num 
ber is reduced to less than one-half that of the 
light gasoline fraction introduced through line 0 
into zone 2. 
The products from zone 2 are directed through 

line f3 into separation zone 4, which may be 
similar to heretofore described zones 4 or 9. In 
Zone f4 a light gasoline fraction, which is high in 
antiknock characteristics and low in bromine 
number, is separated and is withdrawn therefrom 
through line f 5 and may be removed from the 
process but preferably, in accordance with the 
features of the present invention, at least a por 
tion thereof is directed through line 6 for blend 
ing with certain other products of the process in 
the manner to be hereinafter described in detail. 
This light fraction will have an end boiling point 
within the range of from about 200 to about 300° 
F. and preferably within the neighborhood of 
about 250' E. 
As a feature of the present invention, an inter 

mediate fraction boiling above the light gasoline 
fraction withdrawn through line 5 and having 
an end boiling point within the range of from 
about 300 to about 400 F. and preferably within 
the neighborhood of about 340 to about 350 F., 
is separated in Zone f4 and is withdrawn there 
from through line 7. This intermediate frac 
tion is too high in olefin content for use in avia 
tion gasoline and, in accordance with the present 
invention, it is subjected to further treatment in 
the manner to be hereinafter described in detail. 
Hydrocarbons boiling above the intermediate 
fraction withdrawn through line 7 are separated 
in zone 4 and are withdrawn therefrom through 
line 8 and may be removed from the process 
through line , but preferably at least a portion 
thereof is directed by way of lines 20, and to 
zone 2 for further conversion therein. 
The intermediate fraction withdrawn through 

line is commingled with hydrogen introduced 
through line 2 and the mixture is directed into 
hydrogenation zone. 22. The fraction supplied to 
zone 22 will contain aromatic hydrocarbons as 
well as olefinic hydrocarbons and hydrogenation 
in zone 22 is preferably regulated in order to sub 
stantially hydrogenate the olefinic hydrocarbons 
without substantial hydrogenation of the aro 
matic hydrocarbons. This may be readily ac 
complished by the use of particular catalysts and 
by controlling the conditions of operation, The 



2,884,889 
preferred catalyst comprises partially reduced 
nickel supported on a relatively inert carrier such 
as kieselguhr and the temperature employed is 
preferably below 400 F., although it is under 
stood that higher temperatures may be employed 
if the other conditions of Operation, such as space 
velocity and pressure, are correlated therewith in 
Order to effect the desired reaction. 
Hydrogenation zone 22 may comprise any suite 

able hydrogenation system which may be of the 
fixed bed or moving catalyst type. In the fixed 
bed type of process, usually two or more zones are 
employed with counteracurrent, flow of hydrogen 
and hydrocarbons, although a single zone may 
be utilized when desired. 

the hydrogenated products are directed from 
zone 22 through line 23 into separation Zone 28 
which nay be similar to heretofore described 
zones 3, 9 or 3. Since an excess of hydrogen is 
say employed in the hydrogenation reaction, 
unused hydrogen may be withdrawin through line 
25 for zone 23 and Easy e regioved from the 
grocess but preferably at least a portion thereof 
is recycled by way of lines 26, 26 and f to Zone 
32 or her use herein. The hydrogenated 
prodiacs are withdrawi from the lower portion 
of zos 24 hrough line 2 and a portion thereof 
agaay Fe renoved from the process while, in ac 
cordiace Wil the present invention, at least a 
portion hereof is directed by way of line 23 into 
ise GG wherei, it is comininged with at least 2, 
portio of the light, retreated gasoline withdraw 
through Eine 5 from zone $. It has been found 
that; tending of the hydrogenated products with 
tile light gasolice retreated fraction, in the Inaries 
aer nexeir descrioed, produces a gasoline produ 

ct; (i. exceptional Iy hig antiknock character 
isfies 8a of of romine arraber which is a R 
tiary suitable or lase in 8viation gasoline. 
The heavy gasoline fraction separated in Zone 

S. and Ariidawn therefront through ine a nay 
be directed, 23 or i. part, through line 29 and 
may a 35in niggies with the final gasoline prod 
cks is ire 3. The heavy gasoline fraction 

Whsia;7 tiroagh irre 68 will be high in arc 
Eatic contens eat in any cases will be stiff 
cientiy Boy (a brenine nunnier, so that it may be 
Rended, yih.g., the treatinen, with the other 
grotics of the process in order to increase the 
yield 3 desire aviation gasoline. In some cases, 
is is referred to siject, the heavier gasoline 
facio. C furthe treatinea, and this Insy be 
Secognpäisiaei by Sugiying the same through line:S 
29 and 3 into retreating zone 3. Retreating 
zone 3G may be similar to heretofore described 
zone 3, 32nd imay stilize s, sirnia type of catalysi. 
Ethe engarature enployed in 20e 33 may be the 
SSS. O sigily higher that the employed it. 
2GYe SE in O'er to effect the desired reduction is 
Borori?e line 82nd othes in provernents. 

the Oroducts frog zone 3G are the directed 
Rozgi ire 33 is to separation 202ae 83 which 
33 as siliar to the heretofore described sepa 
SiO3, 29e3, 

isig 82 edi aging goint, within the range of fro: 
abou; 3C to sits; 4:00 E., which end oiling 
point is referably the saile as the end boiling 
point of the gasotise in line 8, may be separated 
in 20te 33 and withdrawn herefrom through line 
33. A portion thereo inay be removed from the 
grocess through line 36 but preferably all or 2, 
portion of this gasoline is directed through line 
34 and is conningled in line 8 with the shal 
going product of the process. In this way, 8 

A retreated gasoline fraction have : 
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3 
ditional yields of the desired gasoline products 
are obtained. 

Higher boiling products are separated in 20me 
and withdrawn therefrom through line 38 and 

may be removed from the process but preferably 
at least a portion thereof is directed by way of 
lines 20, 6 ard into cracking zone 2 for further 
conversion t erein. s 
The following example is introduced for the 

purpose of further illustrating the novelty and 
utility of the present invention but not with the 
intention of unduly limiting the same. 
A Mid-Continent gas oil is cracked in the 

presence of a silica-alumina catalyst at a terms 
perature of about 950 F. and an hourly weight 
space velocity of about 1.7. The products are 
separated by conventional fractionation into a 
light gasoline fraction having an end boiling point 
of 250 F. and a heavy gasoline raction having 
an initial boiling point of 250 F. and an end oil 
ing point of 350° F. 
The light gasoline fraction is subjected to re 

treatment in the presence of a solid phosphoric 
scid catalyst at 8, temperature of. 525 F. and 
600 pounds per square inch, the solid phosphoric 
acid catalyst comprising a ni:Xtre of Ortho and 
pyrophosphoric acids composited with kieseight, 
The retreated products are separated into 8 light 
raction having an end boiling point of 250 F., 
an intermediate fraction having an initial boil 
ing point of 250 F. and an end boiling point of 
350 F., and heavier products. 

the termediate fraction is subjected to hya 
drogenation in the presence of a reduced nickels 

5 reseghir catalyst at 8, temperature of about 250 
F. A. lighi, fractiox, as Virag & end boiling point 
oil about 350° E, is separated from the hydro 
genated products and is blended with the re 
treated light gasoline fraction. 
The leaded products save a relatively lovy 

bronize grabes an exceptionally good antis 
knoc. cas.38-cteristics. Upon tie additio of 4. 
ce, of tetraethy lead, and other additives stay 
exployed for the production of Eviation gasoligae, 

3 the finally becadet in aeria has an octage Si 
iser of above 100 winer, determined according &g 
the 2005 aeta. 

E clair as any iVenic; 
i. A hydrocarbor coversion process withics 

comprises treating an oleinic gasoline witka C, 
Apiosphoric acid a syst deg conditions to gro. 
dice , liga gasoline fraction of loy bronze 
Sanbei and a heavy oiefinic fraction of higias 
Cornias Kurnoe, hydrogenating a least, a gos 

tion of SEid heavy olefinic fraction, and bending 
at least a portion of the hydrogenated products 
With said light gasoline fraction of low bromine 
Xibe, 

2. A hydrocarbor conversion process which 
B Co agrises treating cracked gasoline with a phos 

phoric acid estsiyst under conditions to produce 
& light gasoline fraction or low bromine number 
&Eld having an end boiling point within the range 
of froz shout 200 to about 300° E, and a heavy 
olefinic traction of higher bromine number hay. 
ing & initia boiling point within the range of 
from about 200 to about 300° E, and an end 
boiling point within the range of from about 300° 
to about 400' F., catalytically hydrogenating at 
east a portion of said heavy olefinic fraction, 
and blending at least a portion of the hydro 
genated products with said:light gasoline frac. 
tion to produce a final gasoline product having a 
bromine number of less than one-half that of 

5 said cracised gasoline, 

  



3. A hydrocarbon conversion process which 
comprises cracking oil under conditions to pro 
duce a cracked gasoline of high antiknock, char 
acteristics and high bromine number, separating 
said gasoline into light and heavy fractions, re 
treating said light fraction in the presence of a 
phosphoric acid catalyst under conditions to pro 
duce a light gasoline fraction of low bromise 
number and a heavier olefinic fraction of higher 
bromine number, catalytically hydrogenating 
said heavier olefinic fraction in the presence of 
added hydrogen, and blending at least a portion 
of the hydrogenated products with said light 
gasoline fraction of lovy bronine number. 

4. The process of ciaim 3 further characterized 
in that at Resist a portion of the first mentired 
heavy fraction is blended with the retreated and 
hydrogenated products. 

5. The process of clairn 3 further characterized 
in that at least a portion of first mentioned heavy 
fraction is subjected to separate retreatment in 
the presence of a phosphoric acid catalyst, and 
at least a portion of the separately retreated 
products is blended with the first mentioned re 
treated and hydrogenated products. 

6. A hydrocarbon conversion, grocess which 
comprises catalytically cracking, oil inder con 
ditions to produce a cracked gasoline of high 
antiknock characteristics and high bromine non 
bes, separating 8&id gasoline into a light, 2 raction 
having an end boiling geogn: with the gange of 
from about 200 to acout 300 a. and a heavy 
gasoline fraction having an ignitial boiling poist 
within the range of from about 200° to about 
300 F. and an end boiling point within the range 
of from 300° to sbout 400° F, retreating said light fraction in the presence og a phosphoric 
acid catalyst under conditions to produce a light 
gasoline fraction of low rotaine number and 
having an end boiling point within the rainga 
of from about 200° to about 300° S, and a heavier 
olefinic fraction of higher bromine number have 
ing an initial boiling point within the range of 
from about 200 to about 300° E. and an end 
boiling point within the range of from about 300° 
to about 400 F., hydrogensting said heavier olea 
finic fraction in the presence of a nickel hydro 
genating catalyst and invirogen, separating is 
fraction having an end bossing point within the 

0 

s 

9,884,880 
range of from about 300' to about 400' . from 
the hydrogenated products and blending at least 
a portion thereof with said light gasoline frac 
tion of low bromine number. 

7. A process for producing hydrocarbon distill 
late suitable for use in aviation fuel from the 
products of hydrocarbon oil cracking, which com 
prises separating from said porducts an olefinic 
gasoline fraction having an end boiling point in 
the approximate range of 200' F. to 300 F, con 
tacting said gasoline fraction with a catalyst 
comprising an acid-acting compound of phos 
horus at a teaperature of from about 250' F. 

to about 750 F. and at a weight hourly space 
velocity of from about 0.5 to about 10, whereby 
to reduce the oronine number of said fraction 
and form a heavier olefinic fraction, separating 
aaid heavier olefinic fraction from the lower boil 

20 
ing gasoline traction of reduced bromine number 
and hydrogenating at least a portion thereof to 
fortin parafiinic hydrocarbons, and blending at 

...east a portion of said parafiinic hydrocarbons 
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with at least a portion of said gasoline traction 
of educed boxinine aurraber. 

8. A process for 2 (2proving cracked gasoline 
which comprises separating, the same into a light 
olefinic fraction and a heavier gasoline fraction, 
contacting said light raction with a catalyst 
comprising as acid-acting compound of phos 
phorus at a tergaarature of from about 250° F. 
to about 250 F. and at a weigh, hourly, space 
Yelocity-of from about 9.5 to about 10, whereby 
to reduce the 3'0Eane sizaar of gaid fraction 
and for in a heavier oleanic rection, ceparating 

5 Egid heavier olefinic fraction from the lower boil 
ing 88soline 8 raction of reduced orcmine num 
her and hydrogensting at least a portion thereof 
to form parefraic hydrocarbons, and blending 
regulated portions of said paraffinic hydrccarbons, 
said heavier gasolishe fraction and said gasoline 
fraction of reduced bromine number. 

9. The procesa as defined in claim a further 
characterized in that said heavier gasoline frac 
tion is catalytically treated for reduction in bro 
inine runber prior o the blending thereof with 
said parafinia hydrocarbons and gasolize frac 
tion of reduced orozaire number. 
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