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UNITED STATES PATENT OFFICE 
MANUFACTURE OF MOTORFUEL 

Lynn R. Strawn, Port Arthur, Tex, assignor, by 
mesne assignments, to The Texas Company, 
New York, N.Y., a corporation of Delaware 
Application April 6, 1940, Serial No. 328,195 

(C. 196-10) 11. Claims. 

This invention relates to the manufacture of 
motor fuel and particularly to its manufacture 
from a hydrocarbon fraction comprising saturated 
and unsaturated hydrocarbons having four car 
bOn atoms per molecule. 

Broadly the invention comprises a process 
which involves segregating a C4 hydrocarbon frac 
tion, such as obtained in the stabilization of 
Cracked naphtha, into a cut containing branched 
chain hydrocarbons and a cut containing straight 
chain hydrocarbons. The branched chain cut is 
subjected directly to alkylation, while the straight 
chain cut is Subjected to polymerization to remove 
olefin constituents by polymerization. The un 
converted hydrocarbons are further treated to re 
move remaining olefin constituents to produce a 
straight chain hydrocarbon cut consisting essen 
tially of normal butane. This normal butane is 
then converted to isobutane and the resulting 
isobutane utilized for alkylation with the olefin 
hydrocarbons by contact with a suitable alkyla 
tion catalyst. 
In accordance with the invention cracked 

naphtha is subjected to stabilization to remove 
propane and lighter constituents. The stabilized 
naphtha is then subjected to fractionation to re 
move a fraction comprising C4 hydrocarbons, 
namely iso arid normal butane, isobutylene and 
normal butylenes, including butylene-1 and 
butylene-2. - . 

This C4 hydrocarbon fraction is then subjected 
to further fractionation to separate it into a cut 
containing isobutane, isobutylene and butylene-1, 
and another cut containing normal butane and 
butylene-2. The branched chain cut contains 
butylene-1 since the boiling point of the latter 
is only slightly lower than that for isobutylene. 
This branched chain hydrocarbon cut is passed 
directly to an alkylation plant. 
The straight chain hydrocarbon cut is sub 

jected to polymerization so as to convert at least 
a substantial proportion of the butylene-2 to mor 
mally liquid hydrocarbons, which are subsequently 
removed as polymer gasoline. The remaining 
straight chain hydrocarbons, retaining some ole 
fin hydrocarbons, are then subjected to extrac 
tion with concentrated sulphuric acid, advan 
tageously a portion of the catalyst used in the 
alkylation plant, to absorb the retained olefin. 
The acid and absorbed hydrocarbons are then 
passed to the alkylation plant, while the remain 
ing normal butane, substantially free from olefin, 
is subjected to isomerization. The resulting iso 
butane is then utilized in the alkylation plant for 
alkylating the olefin hydrocarbons to produce 
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normally liquid hydrocarbons of high anti-knock 
value. 
The object of the invention is to effect alkyla 

tion of olefin hydrocarbons with isobutane in the 
substantial absence of straight chain hydrocar 
bons and particularly normal butane. Normal 
butane is unreactive in the alkylation reaction. 
Its presence in that reaction results in a substan 
tial reduction in the yield of alkylated hydro 
carbons and also causes substantial deterioration 
of the catalyst. 
A further object of the invention is to segre 

gate the normal butane Contained in the hydro 
carbon feed in a relatively pure form so that it 
may be effectively isomerized to isobutane with 
out substantial deterioration of the isomerization 
catalyst. It has been found that in isomerizing 
normal butane by contact with aluminum chlo 
ride as a catalyst it is desirable to effect the isom 
erization reaction in the substantial absence of 
the olefin hydrocarbons. The olefin hydrocar 
bons tend to react with the catalyst to form com 
plex compounds which, in themselves, are inef 
fective as catalysts, at least relatively so, and 
Whose presence SOOn renders the metallic halide 
catalyst ineffective. 

In order to describe the invention more fully 
reference will now be made to the accompanying 
drawing showing a diagram of flow suitable for 
Carrying out the process. . 
As indicated in the drawing, a crackednaphtha, 

such as obtained in the cracking of gas oil or 
topped crude, is conducted from a source not 
shown through a pipe to a stabilizer 2. The 
stabilization is effected under conditions of tem 
perature and pressure adapted to remove pro 
pane and more volatile constituents, so as to pro 
duce a stabilized naphtha. The propane and 
lighter constituents are discharged through a pipe 
3. The stabilized naphtha, comprising C. hydro 
carbons and higher molecular weight hydrocar 
bons, are drawn off through the pipe 3A to a frac 
tionator 4 wherein conditions are maintained so 
as to vaporize and remove from the stabilized 
naphtha, a fraction comprising C4 hydrocarbons, 
including saturated and unsaturated hydrocar 
bons both of branched chain and straight chain 
structure. 
The resulting debutanized naphtha is with 

drawn through a pipe 5 for such further treat 
ment as may be desired. 
The fraction comprising gaseous C4 hydrocar 

bons is drawn of through a pipe 6 to a fractionals 
tor whereinitis separated into a branched chain 
hydrocarbon cut containing isobutane, isobutyl 
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ene and buttylene-1, and a straight chain hydro 
carbon cut containing normal butane and butyl 
ene-2. 
. The straight chain hydrocarbon cut is passed 
through a pipe 8 to a polymerization unit 9 
wherein the hydrocarbons are subjected to con 
tact with a polymerization catalyst, such as phos 
phoric acid, at a temperature of around 400 F. 
and under a pressure of around 750 pounds. The 
operation is advantageously effected in the liquid 
phase, although it is contemplated that the con 
ditions of temperature and pressure may be varied 
as desired. The polymerization is carried out 
under conditions such that at least a substantial 
proportion of the butylene present in the feed 
mixture is converted to polymer suitable as a 
component of gasoline or motor fuel. 
From the polymer unit the treated hydrocar 

bons pass through a pipe O to a stabilizer if 
wherein low boiling constituents, including nor 
mal butane and-Some olefins, are removed and 
discharged through a pipe 2. The stabilized 
polymer gasoline is discharged through a pipe 
3 for such further treatment as may be deemed 
appropriate. 
The hydrocarbons passing through the pipe 2 

are conducted to an absorber f4. In the absorber 4 the hydrocarbons are subjected to contact 
with concentrated sulphuric acid. The acid may 
be fresh acid or used acid withdrawn from the 
alkylation stage of the process. The purpose of 
the absorption step is to selectively absorb olefin 
hydrocarbons associated with the normal butane 
passing from the stabilizer f. 
The acid containing absorbed olefins is with 

drawn through a pipe 5 and passed to an alkyla 
tion plant 6. 
The normal butane, now substantially free from 

olfin hydrocarbons, is passed from the upper por 
tion of the absorber 4 through a pipe T to an 
isomerization unit f8. In the unit 8 the nor 
mal butane is subjected to contact with a cata 
lyst comprising a metallic halide, such as alu 
minum chloride, in the presence of a small 
amount of hydrogen halide, such as hydrogen 
chloride. The isomerization is advantageously 
effected in the gas phase at a temperature of 
around 150 to 250 F. and, preferably, at around 
210 to 220 F., with a time of contact of around 
i to 5 minutes. The hydrogen halide promoter 
is introduced to the reaction in the proportion 
of around 1 to 5% by weight of the butane 
charge. 
Under these conditions around 50 to 55% by 

volume of the normal butane is converted to 
isobutane without substantial cracking and with 
out substantial deterioration of the catalyst. 
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of reaction from about 10 to 90 minutes and pref 
erably about 20 to 60 minutes. 
The isobutane and olfin hydrocarbons are 

charged to the alkylation unit So as to main 
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Thus, the cracked products produced will not 
exceed around 3% by volume of the butane 
charge. 
The resulting isobutane is conducted through 

a pipe - 9 to the alkylation unit 16, previously 
mentioned. 
The branched chain hydrocarbon cut contain 

ing isobutane, isobutylene and butylene-1, pro 
duced from the fractionator 7, is also passed 
through a pipe 20 to the alkylation unit f6. In 
the alkylation unit the olefin hydrocarbons are 
Subjected to alkylation with the isobutane by 
contact with an alkylation catalyst, namely, sul 
phuric acid having a concentration in the range 
90 to 100% HaSO4. The temperature of reaction 
is maintained in the range about 40 to 125° F. 
and preferably around 60 to 80° F, with a time 
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tain a substantial excess of isobutane, for ex 
ample, a ratio of isobutane to olefins of between 
about 3:1 and 5:1 or over. Lower ratios may be 
employed but in excess of 1:1. 
The resulting alkylated hydrocarbons are with 

drawn through a pipe 2 for further processing 
as may be deemed necessary to render them suit 
able as merchantable gasoline. 
AS indicated, a stream of used or partially 

Spent Catalyst is withdrawn from the unit 
through a pine 22 and passed to the previously 
mentioned absorber 4 for absorption of butyl 
ene-2 and the like from the hydrocarbons pass 
ing from the polymerization unit 9. The fresh 
concentrated acid may be introduced to the sys 
tem through the pipe 22, as indicated, or, if de 
sired, it may be introduced directly to the alkyla 
tion unit 6. 
While concentrated sulphuric acid has been 

mentioned as a suitable alkylation catalyst, it is, 
of course, contemplated that other liquid alkyla 
tion catalysts may be employed, as, for example, 
a catalyst prepared by passing BF3 into water 
to complete saturation, producing a complex hav 
ing the formula BF3.nH2O, where in has a value 
ranging from about 1 to 1.5. 
Obviously many hodifications and variations 

of the invention, as hereinbefore set forth, may 
be made without departing from the spirit and 
Scope thereof, and therefore only such limita 
tiqns should be imposed as are indicated in the 
appended claims. 

claim: 
1. A process for the manufacture of high anti 

knock gasoline hydrocarbons from a hydrocarbon 
fraction containing mainly C4 saturated and un 
Saturated hydrocarbons, which comprises frac 
tionating said fraction into an iso C4 cut con 
taining isobutane, isobutylene and butylene-1, 
and a normal C4 cut containing normal butane 
and butylene-2, passing said iso C4 cut to an 
alkylation zone wherein it is subjected to con 
tact with a liquid alkylation catalyst, subjecting 
the normal C4 cut to polymerization such that 
butylene-2 is converted to polymer liquid, with 
drawing the polymer liquid, subjecting the un 
converted normal C4 cut to contact with a stream 
of said alkylation catalyst in an absorption zone 
So that remaining butylene-2 is absorbed, remov 
ing the unabsorbed butane, passing the absorbed 
butylene-2 to said alkylation zone, and alkylating 
isobutane with said absorbed butylene-2 and 
olefins of said iso C4 cut in said alkylation zone 
in the presence of said alkylation catalyst and 
in the substantial absence of normal butane such 
that substantial conversion to high anti-knock 
gasoline hydrocarbons is secured. 

2. The method according to claim 1 in which 
the alkylation catalyst comprises concentrated 
Sulphuric acid. 

3. A process for the manufacture of high anti 
knock gasoline hydrocarbons from a hydrocarbon 
fraction containing mainly C4 saturated and un 
Saturated hydrocarbons, which comprises frac 
tionating said fraction into an iso C. cut con 
taining isobutane, isobutylene and butylene-1, 
and a normal C4 cut containing normal butane 
and butylene-2, passing saidiso C4 cut to an alkyl 
ation zone wherein it is subjected to contact with a liquid alkylation catalyst, subjecting the 
normal C4 cut to polymerization such that butyl 
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ene-2 is converted to polymer liquid, withdraw 
ing the polymer liquid, subjecting the uncon 
verted normal C cut to contact with a stream of 
said alkylation catalyst in an absorption zone 
so that remaining butylene-2 is absorbed, remov 
ing the unabsorbed normal butane, subjecting the 
removed blitane to isomerization by contact with 
an isomerization catalyst in the substantial ab 
sence of olefins, passing the resulting isobutane 
and the absorbed butylene-2 to said alkylation 
Zone, and subjecting the absorbed butylene-2 and 
the olefin hydrocarbons of said iso C. cut to reac 
tion with isobutane by contact with said alk?yla 
tion catalyst in said alkylation zone in the sub 
stantial absence of normal butane such that sub 
stantial conversion to high anti-knock gasoline 
hydrocarbons is secured. 

4. A process for the manufacture of high anti 
knock gasoline hydrocarbons from a hydrocarbon 
fraction containing mainly C4 saturated and un 
saturated hydrocarbons, which comprises frac 
tionating said fraction into an iso C4 cut con 
taining isobutane, isobutylene and butylene-1, 
and a normal C4 cut containing normal butane 
and butylene-2, passing said iso CA cut to an 
alkylation zone, subjecting the normal C4 cut to 
polymerization such...that butylene-2 is converted 
to polymer liquid, withdrawing the polymer 
liquid, subjecting the unconverted normal Chy 
drocarbons to contact with a stream of concen 
trated sulphuric acid so that remaining butyl 
ene-2 is absorbed while normal butane remains 
unabsorbed, introducing the acid and absorbed 
butylene-2 to the alkylation zone, subjecting the 
unabsorbed normal butane to isomerization in 
the substantial absence of olefins so as to effect 
conversion to isobutane, passing the resulti 
isobutane to said alkylation zone, and subjecting 
the isobutane and the absorbed butylene-2 and the olefin hydrocarbons of said iso C. cut in 
said alkylation zone to reaction by contact with 
concentrated sulphuric acid in the substantial 
absence of normal butane such that substantial 
conversion to high anti-knock gasoline hydro 
carbons is secured. ; 

5. A process for the manufacture of high anti 
knock gasoline hydrocarbons from a normally 
gaseous hydrocarbon fraction comprising Cole 
fins and paraffins of branched and straight 
chain structure, which comprises separating said 
fraction into a cut comprising branched chain 
hydrocarbons and a cut comprising straight 
chain hydrocarbons, subjecting the straight 
chain cut to polymerization so that olefn con 
stituents are converted to normally liquid hydro 
carbons, removing the converted hydrocarbons, 
extracting remaining olefins from said straight 
chain cut by absorption with concentrated sul 
phuric acid, removing the unabsorbed straight 
chain hydrocarbons consisting of normal butane 
and subjecting the absorbed hydrocarbons and 
the branched chain cut to alkylation by con 
tact with concentrated sulphuric acid in the 
presence of excess isobutane and in the substan 
tial absence of normal butane such that sub 
stantial conversion to high anti-knock gasoline 
hydrocarbons is secured. 

. The method according to claim 5 in which 
the removed unabsorbed normal butane is sub 

3 
jected to isomerization in the substantial absence 
of olefins to produce isobutane and the resulting 
isobutane utilized in the alkylation reaction. 

7. A process for the manufacture of high anti 
knock gasoline hydrocarbons from a hydrocarbon 
fraction containing mainly C4 saturated and un 
saturated hydrocarbons which comprises frac 
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tionating said CA fraction into an iso CA cut 
containing isobutane, isobutylene and butylene-1 
and a normal C cut containing normal butane 
and butylene-2, passing theiso C. cut to an alkyl 
aton zone, subjecting said normal. Ca º cut to 
separate treatment including contact with a 
polymerization catalyst to partially polymerize 
and remove butylene-2 as polymer liquid, and 
then contact with sulfuric acid to absorb and 
remove remaining, butylene-2 in said cut and 
leave a purifled normal butane, passing the acid 
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and absorbed butylene to said alkylation zone, 
subecting said purifled norrina butane to con 
tact with an isomerization catalyst under isom 
erizing conditions and in the substantia ab 
sence of olefins thereby forming isobutane, pass 
ing the resulting isobutane to the alkylation zone 
and reacting the isobutane with the absorbed 
butylene-2 and the olefins of said iso C. cut in 
the presence of concentrated sulfuric acid in said 
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alkylation zone and in the substantial absence 
of normal butane such that substantial conver 
sion to high antiknock gasoline hydrocarbons is 
secured. 

8. A process for the manfacture of high anti 
knock gasoline hydrocarbons from a hydrocarbon 
fraction containing mainly C. saturated andun 
saturated hydrocarbons, which comprises sep 
arating said hydrocarbon fraction into an iso C. 
cut containing isobutane, isobutylene and butyl 
ene-1, and a normal C cut containing normal 
butane and butylene-2, subjecting said normal C 
cut to catalytic polymerization to partially con 
vert butylene-2 to polymer liquid, separating the 
polymer liquid from the remaining unconverted 
normal C4 cut, subjecting said remaining uncon 
verted normal C4 cut to contact with an absorp. 
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employed as the low-boiling 
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tion liquid to absorb remaining butylene-2 there 
from, separating said absorbed butylene-2 from 
resulting unabsorbed normal butane, and alkylat 
ing a low-boiling isoparaffin with said absorbed 
butylene-2 in the presence of an alkylation cata-, 
lyst and in the substantial absence of normal 
butane to produce gasoline hydrocarbons of high 
anti-knock value. 

9. The method in accordance with claim 8, 
wherein the unabsorbed normal butane is sub 
jected to catalytic isomerization in the substan 
tial absence of olefins to thereby convert normal 
butane to isobutane, and resulting isobutane is 

isoparaffin in the 
said alkylation step. ?? 

10. The method in accordance with claim 8, 
wherein the iso C. cut is also supplied to the 
said alkylation step, whereby isobutane of said 
iso C4 cut is alkylated with the absorbed butyl 
ene-2 and the olefins of said iso C. cut. 

11. The method in accordance with claim 8, 
wherein the said alkylation catalyst is a liquid, 
and the said liquid catalyst is employed as the 
absorption liquid in said absorption step. 

YNN R. SRAWN. 

  


