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This invention relates to an improved process 
for the production of high octane blending stocks. 
More particularly, the invention relates to a proc 
ess for obtaining maximum yields of low boiling 
high octane blending stocks by means of alkyla 
tion. 
As is well known, there is an ever-increasing 

demand for high octane fuels of the gasoline 
boiling range. This demand has been satisfied 
in the past primarily by means of thermal and, 
to some extent, by catalytic cracking of higher 
boiling hydrocarbons. More recently the de 
mand for permium fuels has been met by the 
production of certain synthetic blending stocks 
of exceptionally high octane rating. One meth 
od in wide use is, for example, the Synthesis of 
so-called iso-octane by the polymerization of iso 
butylene to di-isobutylene followed by hydrogen 
ation. This method has the advantage that it 
utilizes as a raw material the isobutylene which 
is obtained from thermal cracking processes. It 
has the disadvantage, however, that it is a two 
step process. Still more recently, processes have 
been developed for the production of such blend 
ing stocks by means of alkylation. In the al 
kylation processes saturated hydrocarbons of 
high octane number and excellent lead Suscep 
tibility are produced in a single step by the re 
action of an isoparaffin (usually isobutane) with 
an olefin or a mixture of olefins such as butylene, 
amylene, and olefinic cracked gasoline distillates. 
The present invention relates to an improved 
method for the production of high octane blend 
ing stocks by alkylation. 
The production of high octane blending stocks 

by alkylation is probably the most economical 
method for the utilization of certain by-product 
refinery materials such, in particular, as normal 
butylenes. In view of the great demand for high 
er octane blending stocks of the type produced 
by alkylation processes, every effort is made to 
produce the maximum quantity of these stocks 
from the raw materials available. In normal re 
finery operations, it is, however, not usually poS 
sible to obtain the maximum quantities of high 
octane alkylate due to an unfavorable balance 
of raw materials. Thus, normal refinery Oper 
ations usually lead to an excess of isobutylene 
and other less desirable olefins and a deficiency 
of normal butylene and particularly isobutane. 
The amount of high octane blending stock which 
can be produced by alkylation, as presently prac 
ticed, is therefore limited by the availability of 
the least abundant reactant, which is usually iso 
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may be produced is usually impaired to a certain 
extent by an unfavorable balance of the olefins 
in the feed stocks available. 
The object of the present invention is to pro 

vide an improved, combination process whereby 
better yields of Superior blending stocks may be 
obtained from a given supply of alkylation feed. 
This object is realized by the combination proc 
eSS described hereinafter. 
The process of the invention may conveniently 

be described in connection with the description 
of an Operation comprised within its scope. To 
aid in this description there is provided the at 
tached diagrammatic drawing which shows by 
means of conventional figures, not drawn to 
Scale, an arrangement of elements in which the 
process may be conducted. For convenience, 
the description Will be made with reference to 
the production of high octane blending stocks by 
the alkylation of isobutane with a butylene frac 
tion employing a conventional sulfuric acid al 
kylation catalyst. Referring to the drawing, the 
isobutane from any suitable source such, for 
instance, as a Saturated butane fraction consist 
ing essentially of normal and isobutane is fed 
via pump and line 2 into a suitable fraction 
ating tower 3 wherein the isobutane is separated 
from the normal butane. Normal butane and any 
higher boiling material is removed as a bottom 
product from column 3 via line 4. The isobutane 
is removed Overhead via line 5 and is fed to the 
alkylation reaction Zone via line 6 in admix 
ture With the desired proportion of olefin enter 
ing the System via pump 7 and line 8. The pro 
portion of isobutane to olefins entering the re 
action Zone via line 6 is at least mol per mol and 
is preferably in substantial molar excess. 
as The mixture of butylene and isobutane enter 
ing the reaction Zone via line 6 immediately con 
tacts a rapidly flowing stream of recycled cat 
alyst and reaction mixture containing an appre 
Ciable excess of isobutane. In such alkylation 
processes the maintenance of a considerable molar 
excess of isobutane to olefin in the reaction mix 
ture at the point of introduction of the reactant 
leads to the formation of alkylation products of 
Superior octane number. By means of reactors 
of specific design and/or by rapid recycle rates, 
it is possible to maintain this ratio exceedingly 
high. In practice, however, it is found that ra 
tios of the order of from about 30:1 to 500:1, 
and preferably from about 100:1 to 500:1, give 
excellent products and are quite suitable. The 
reaction mixture is recycled via pump 9 and lines butane. Also, the quality of the product which 66 10, , 2 and 3 through a cooler f4 and a time 
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chamber 5. A portion of the reaction mixture 
is continuously withdrawn from the cyclic system 
via line 6 to a separator f7 wherein the hydro 
carbon phase and catalyst phase are allowed to 
stratify. The catalyst phase is returned to the 
reaction system via line 8. In order to main 
tain the activity of the catalyst, a portion of the 
partially spent catalyst from separator f may 
be continuously or periodically withdrawn via 
outlet 9 and an equivalent amount of fresh cat 
alyst may be introduced into the reaction Sys 
tem via inlet 29. The separated hydrocarbon 
phase comprising excess isobutane, any normal 
butane introduced into the System. With the olefin, 
and the high boiling products passes via line 2 
to a suitable fractionating column 22. Column 
22 is preferably operated in such a manner that 
all of the unreacted isobutane and any lower boil 
ing materials not desired in the final product 
are removed overhead. This overhead product : 
is recycle via line 23 back to Column 3 wherein 
the isobutane is separated and returned to the 
alkylation system. The bottom product from 
column 22 Comprising the total reaction product 
is, according to the process of the invention, 
preferably passed to a Second fractionating col 
umn 24 wherein it is separated into a lower boil 
ing fraction of high octane number and a higher 
boiling fraction, hereinafter referred to as "high 
er boiling products,' consisting principally of hy 
drocarbon products boiling above about 130 C. 
The lower boiling hydrocarbon product is re 
moved overhead via line 25 and condenser 
26, and removed from the system as a finished 
product. The higher boiling products are passed 
via line 27 and pump 28 through a coil 29 in a 
suitable heater 30 wherein they are vaporized. 
The preheated vapors of higher boiling products 
from coil 29 pass via manifold line 3 into one 
or more catalytic converters 32, 33 and 34 where 
in they are subjected to a Selective Splitting 
treatment with catalysis of the type more fully 
hereinafter described. The vapors from the cat 
alytic cracking reactors pass via manifold line 
35 to a suitable fractionating column 36 wherein 
they are separated into a Dormally gaSeous frac 
tion consisting largely of butane and buylene 
and a normally liquid bottom product. The bot 
ton product from column 36 consists essentially 
of Saturated hydrocarbons having the desired 
Wolatility and excellent octane number. This 
product, withdrawn via line 3, may, if desired, 
be withdrawn frcn the System via line 38 and 
utilized as a suitable blending stock. In many 
cases, however, the normally liquid product from 
column 36 contains appreciable quantities of un 
reacted hydrocaibon. In Such cases it is usually 
more desirable to recycle the total bottom prod 
lict via lines 3 and 39 back to fractionating col 
umn 24. In this Way Only the hydrocarbon prod 
ucts boiling below about 30 C. are collected and 
Such higher boiling material is recycled through 
the catalytic converters 32, 33 and 34 until it is 
finally converted into hydrocarbon material of 
the desired bolling range. The normally gaseous 
fraction from Column 36 is preferably passed 
via line 40 to a fractionating column 4 wherein 
a butane-butylene fraction is separated as a bot 
tom product from any lighter boiling materials 
which may be present. The butane-butylene 
fraction from said column is returned via line 6 
in admixture With added butylene from line 8 
and added isobutane from line 5 to the alkyla 
tion reactor system, 

In the above, the process of the invention has 
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acid as the alkylation catalyst. 

2,337,640 
been illustrated with reference to the alkylation 
of isobutane with butylene employing concentrat 
ed sulfuric acid as the alkylation catalyst. This 
is the specific embodiment of the process which 
is of the greatest interest at the present time. 
The invention is, however, not in any sense lim 
ited to this embodiment. Thus, the process is 
applicable generally to the alkylation of Satu 
rated hydrocarbons such as paraffins and naph 
thenes which have a tertiary carbon aton with 
any suitable alkylating agent. In general, the 
preferred alkylating agents are the olefins and 
olefin mixtures such as ethylene, propylene, the 
butylenes, amylenes, etc., and the cracked gaso 
line distillates. In lieu of the olefins their equiv 
alents in the reaction Such as the esters, partic 
ularly the alkyl sulfates, may also be employed. 
When using sulfuric acid as the catalyst, it is 
generally preferable from the commercial stand 
point to alkylate olefins having at least three, and 
preferably four, carbon atoms. The invention is, 
however, in no way limited to the use of sulfuric 

Thus, the 
process may be suitably effected with any 
of the known alkylation catalysts. Suitable cat 
alysts other than Sulfuric acid are, for example, 
the Friedel-Crafts alkylation catalysts such as 
aluminum chloride and/or aluminum bromide 
and certain other nine'al acids Such as phos 
phoric acid. Also, the catalyst may, if desired, 
contain various promoting materials Such as 
boron fluoride, hydrogen fluoride, Cupric sulfate, 
copper pyrosulfate, mercuric sulfate, nickel Sull 
fate, Cobalt sulfate, Vanadium pentoxide, phos 
phorus pentoxide, Zinc phosphate, and the like, 
Which have been found to be beneficial in cer 
tain cases. Also, the invention is not limited 
by the physical limitations of the apparatus de 
scribed for the purpose of illustration. Thus, 
any of the reactors and/or reaction systems suit 
able for the efficient execution of the alkylation 
step may be employed instead of the simple cy 
clic System shown. 

In the alkylation reaction the primary reac 
tion product is a Saturated hydrocarbon or mix 
ture of Saturated hydrocarbons formed by the 
union of one molecule of the olefin with one mole 
Cule of the isoparaffin. There is, however, al 
Ways an appreciable amount of higher boiling 
materials formed. Consequently, the crude 
product formed in such process.cs invariably con 
sists of a complicated mixture of hydrocarbons 
boiling essentially in the gasoline boiling range. 
If the crude hydrocarbon product is fractionated 
and the properties of the various fi'actions de 
termined, it is found that there is a gradual fall 
ing-off of the Gctane numblr and lead suscep 
tibility and an increase in the bromine number 
of the fractions as the average boiling point is 
raised. Thus, the highest quality product is that 
boiling in the lower range and the poorest qual 
ity product is that boiling in the upper range of 
the total boiling range of the total product. It 
Would be desirable therefore from the standpoint 
of quality to recover and utilize as a blending 
stock only the lower boiling fraction of the prod 
luct. This, however, greatly decreases the econ 
ony of the process due to the considerable de 
crease in yields obtained. In the production of 
high Octane blending Stocks for aviation gaso 
line, however, this is the practice and the less 
desirable higher boiling product is used as a com 
ponent of Ordinary gasoline. The present in 
vention provides process Whereby substantially 
complete yields of the more desirable lower boil 
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ing product may be produced. According to the 
present process, the crude product is separated 
into the desired lower boiling product, for in 
stance boiling below about 130 C-150° C., and 
a less desirable higher boiling product. The 
higher boiling product is Subjected to a separate 
catalytic treatment whereby it is split into high 
octane hydrocarbons having a more desirable 
boiling point and a gaseous fraction which is ex 
ceptionally suitable as a feed stock in the alkyla 
tion reaction. This splitting of the less desirable 
higher boiling material takes place with regen 
erative cracking catalysts of the clay type quite 
selectively and with exceptional ease. This is 
illustrated by the following examples. 

Eacample I 
A higher boiling hydrocarbon product obtained 

in the alkylation of isobutane with 100° C. end 
point cracked gasoline in the conventional sul 
furic acid alkylation process, and boiling be 
tween about 214 C. and 318 C., was contacted 
With a catalyst consisting essentially of a blend 
of silica, alumina and zirconia, with and without 
steam under the following conditions: 
Temperature ---------------- C 500 500 
Liquid hourly space velocity------- 3 4. 
Diluent -------------------------- None None 
Moi ratio diluent to feed---------- ------ 5 
Pressure -------------------atm-- 

About 75% of the treated material was converted 
into lower boiling material and a gaseous frac 
tion. The composition of the gaseous fraction 
(about 21% and 23%, respectively, of the higher 
boiling alkylate) was as follows: 

Without With 
steam steam 

Volume % Volume 7, 
2.4 4. 

- - - - - - - - - - - - - - - - 0. 

1.8 1. 
2.7 1. 

22.7 28. 
2.0 0. 
25.4 33. 
15.0 18. 
18.0 10. 

Eacample II 
A heavy hydrocarbon material produced in the 

alkylation of isobutane with butylenes in the 
conventional sulfuric acid alkylation process, 
and boiling in the range between about 170° C. 
and 288 C., Was contacted with a clay-type 
Cracking catalyst Without Steam under the Con 
ditions described above. About 48% of the 
treated material WaS converted into lower boiling 
material. About 21% of the material was con 
verted to a gaseous product having the following 
composition: 

H2-------------------------------------- 5. 
CH4 ------------------------------------- 11.8 
C2H4 ------------------------------------ 2.2 
CH2------------------------------------ 2.5 
C3H6 ------------------------------------ 19.4 
C3H8 ------------------------------------ 7.4 
i-C4H8 ---------------------------------- 18.8 
n-C4H8 --------------------------------- 9.4 
C4H10------------------------------------ 23.4 

Eacample III 
A higher boiling hydrocarbon material pro 

duced by the Sulfuric acid alkylation of isopen 
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3 
tane with amylenes, and boiling between about 
147 C. and 306 C., was catalytically cracked 
with a silica-alumina cracking catalyst at a liquid 
hourly Space velocity of 3 without diluent under 
otherwise the same conditions as above specified. 
About 35% of the treated material was converted 
into lower boiling material. About 13% was 
Converted to a gaseous fraction having the follow 
ing Composition: 

-------------------------------------- 0.3 
CH4------------------------------------- 16.0 
C4------------------------------------ 32 
CH2------------------------------------ 1.3 
C3H------------------------------------ 25.7 
C3H8 ------------------------------------ 3.3 
i-C4H8 ---------------------------------- 11.0 
n-C4H8 ---------------------------------- 11.2 
C4H10-----trans--ana-a--------------------- 18.0 

Eacdnaple IV 
A higher boiling hydrocarbon produced in the 

alkylation of isobutane with butylene, and boil 
ing in the range of 170° C. to 288 C., was con 
tacted with a catalyst consisting essentially of 
Silica gel promoted with aluminum phosphate 
and aluminum fluoride at 500° C., a liquid hourly 
Space Velocity of 4, 60-minute process periods 
and i atmosphere pressure. About 47% of the 
treated hydrocarbon was converted to lower boil 
ing products. About 23%. Was converted to a 
gaseous fraction having the following composi 
tion: 

H-------------------------------------- 5. 
CH4 ------------------------------------- 6.9 
C2H4 ------------------------------------ 2.9 
C2H2------------------------------------ 1.8 
C3H6 ------------------------------------ 26.4 
C3H8------------------------------------- 5.7 
i-C4H8 ---------------------------------- 15.0 
n-C4H8 ---------------------------------- 3.0 
C4H10------------------------------------ 22.6 

Eacample V 

A higher boiling hydrocarbon obtained by the 
alkylation of isobutane with butylenes, and boil 
ing between about 185 C. and 265 C., was con 
tacted with a cracking catalyst consisting essen 
tially of a blend of silica, alumina and zirconia, 
under the Conditions specified in Example IV. 
About 36% of the treated hydrocarbon was con 
verted into lower boiling materials. About 16% 
WaS converted into a gaseous fraction having the 
following composition: 

H-------------------------------------- 7.4 
CH4------------------------------------- 10.3 
C2H4 ------------------------------------ 2.4 
CH2------------------------------------ 1.0 
C3H6 ------------------------------------ 29.6 
C3H8 ------------------------------------ 3.9 
i-C4H8 ---------------------------------- 14.3 
n-C4H8 --------------------------------- 1.7 
C4H10------------------------------------ 19.4 

Eacample VI 

A higher boiling hydrocarbon produced in the 
alkylation of isobutane with butylene, and boiling 
between about 170° C. and 288 C., was contacted 
with a catalyst consisting essentially of silica gel 
impregnated with zirconia under the conditions 
Specified in Example IV. About 4.4% was con 
Verted into lower boiling products. About 18% 

  



4. 
of the treated material was converted to a gase 
ous fraction having the following composition: 
H2--------------------------------------- 4.3 
CH4 ------------------------------------ 8.4 
Cahs ------------------------------------ 2.3 
C2H2----------------------------------- 1.9. 
C3H6 ------------------------------------ 20.2 
C3H8 ------------------------------------ 3.0 
i-C4H8 ---------------------------------- 24.8 
n-C4Hs ---------------------------------- 11.5 
C4H10------------------------------------ 23.6 

Eacample VII 
A higher boiling material produced in the al 

kylation of isobutane with butylene, and boiling 
between about 197° C. and 280°C., was contacted 
with a cracking catalyst consisting essentially 
of a blend of silica, alumina and Zirconia under 
the conditions specified in Example IV. About 
53% of the treated hydrocarbon was converted to 
lower boiling products. About 22% of the treated 
material was converted to a gaseous fraction hav 
ing the following composition: 
H2------------------------------------- 
CH4------------------------------------- 8.3 
C2H4 ------------------------------------ 2.2 
C2H2 ----------------------------------- 0.8 
C3H6 ------------------------------------ 28.4 
C3H8 ------------------------------------ 4.6 
i-C4H8 ---------------------------------- 6.9 
n-C4H8 --------------------------------- 14. 
C4H10 ----------------------------------- 18. 

It is seen from the above examples that under 
relatively mild conditions the variety of higher 
boiling materials resulting from alkylation Were 
deeply cracked at relatively high space Velocities 
to produce lower boiling materials and gas. By 
recycling the unconverted starting materials 
through the cracking reactors a substantially 
complete conversion into desirable lower boiling 
products may be obtained. On the other hand, 
that which remains unconverted in the Splitting 
step may be withdrawn and not recycled. In this 
case it is found that this unconverted material, 
although it is relatively high boiling, is greatly 
improved in quality. This is apparently due to a 
selective cracking of the less desirable compo 
nents. It is found that catalysts of the clay type 
selectively crack the higher boiling and olefinic 
components of the mixture. Thus, the bromine 
number of a higher boiling material resulting 
from alkylation may be reduced from 51 to 5-6 
by the described catalytic splitting treatment. 
A further particular advantage of the process 

of the present invention is that it allows a greater 
yield of alkylate to be produced from a given 
amount of raw materials. This is due to the 
fact that by subjecting the higher boiling mate 
rial of inferior octane number to the described 
catalytic splitting treatment with catalysts of 
the clay type, a certain amount of isobutane is 
actually produced at the expense of less desirable 
hydrocarbon types. While the mechanisms of 
the reactions are not clearly understood, it is be 
lieved that the additional amounts of isobutane 
are produced from isobutylene formed by selec 
tive splitting of higher boiling hydrocarbons and 
polymers followed by a hydrogen transfer reac 
tion. Isomerization of normal butane may also 
possibly take place. Regardless of the cause, it is 
seen that in general the butane fraction which 
consists predominantly of isobutane is approxi 
mately equal to the butylene fraction. The bu 
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tane-butylene fraction produced in the described 
splitting step is therefore especially suited for 
alkylation and also serves to increase the yield 
of alkylate. The remaining portion of the gase 
ous fraction is seen to consist predominantly of 
propylene which may be used in alkylation and 
is also well suited for use in phosphoric acid poly 
nerization and similar processes. The amount 
of undesirable products such as methane and 
ethane are, on the other hand, exceptionally 
small compared to thermal splitting. 
The catalytic splitting treatment may be ef 

fected with any of the conventional clay-type 
Cracking catalysts. Such catalysts comprise, for 
example, certain natural clays and clay-like 
earths usually consisting Of Silicates of alumina 
as well as various synthetic silicates and blends 
of silica, with other earthy materials such as 
alumina, zirconia, magnesia, etc. Particularly 
suitable catalysts for the splitting step of the 
present process are, however, synthetic blends 
consisting essentially of silica gel or adsorptive 
alumina, especially When promoted with One or 
more agents such as alumina, Silica, Zirconia, 
magnesia, aluminum fluoride, aluminum phos 
phate, and magnesium fluoride. With catalysts 
of the described type the selective splitting of the 
higher boiling fractions may be effected at ten 
peratures of from about 460° C. to about 560° C. 
The pressure is preferably Substantially atmos 
pheric, that is, from about 0 to about 30 p.s. i. 
During the catalytic splitting treatment a small 
amount of carbon is deposited upon the catalyst. 
This is periodically burned off in the conventional 
manner with a stream of COmbustion supporting 
gas. In the preferred embodiment of the inven 
tion the temperature and Space Velocity are ad 
justed to convert at least about one-third of the 
higher boiling material resulting from alkylation 
into lower boiling products. In view of the rela 
tive ease With which the splitting with catalysts 
of this type takes place, this may be realized with 
relatively high space velocities, for example liquid 
hourly space velocities in the order of about 1-5. 

I claim as my invention: 
1. In a process for the production of high oc 

tane blending stocks which comprises the step of 
alkylating exterior sources of isobutane with bu 
tylene, the method of increasing the available 
alkylation reactants and the ratio of available 
isobutane to normal butylene and, hence, increas 
ing the potential production of lower boiling al 
kylate per given quantity of said alkylation re 
actants from exterior sources, which comprises 
Separating the alkylation product into a lower 
boiling fraction and a higher boiling fraction 
boiling above about 130 C., and contacting the 
higher boiling fraction under cracking conditions 
with a cracking catalyst of the clay type, there 
by to produce a normally gaseous fraction con 
taining at least 40% by volume of C4 hydrocar 
bons. 

2. In a process for the production of high oc 
tane blending Stocks which comprises the step of 
alkylating exterior sources of isobutane with an 
olefin, the method of increasing the available al 
kylation reactants and the ratio of available iso 
butane to olefin and, hence, increasing the po 
tential production of lower boiling alkylate per 
given quantity of said alkylation reactants from 
exterior Sources, which comprises separating the 
alkylation product into a lower boiling fraction 
and a higher boiling fraction boiling above about 
130 C., and contacting the higher boiling frac 
tion under cracking conditions with a cracking 
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catalyst of the clay type, thereby to produce a 
normally gaseous fraction containing at least 
40% by volume of C4 hydrocarbons. 

3. In a process for the production of high oc 
tane blending stocks which comprises the step of 
alkylating exterior sources of an isoparaffin with 
an olefin, the method of increasing the available 
alkylation reactants and the ratio of available 
isoparaffin to olefin and, hence, increasing the 
potential production of lower boiling alkylate per 
given quantity of said alkylation reactants from 
exterior sources, which comprises separating the 
alkylation product into a lower boiling fraction 
and a higher boiling fraction boiling above about 
130° C., and contacting the higher boiling frac 
tion under cracking conditions with a cracking 
catalyst of the clay type, thereby to produce a 
normally gaseous fraction containing at least 
40% by volume of C4 hydrocarbons. 

4. In a process for the production of high oc 
tane blending stocks which comprises the step 
of alkylating exterior sources of an isoparaffin 
with an olefin, the method of increasing the 
available alkylation reactants and the ratio of 
available isoparaffin to olefin and, hence, increas 
ing the potential production of Iower boiling al 
kylate per given quantity of said alkylation re 
actants from exterior sources, which comprises 
Separating the alkylation product into a lower 
boiling fraction and a higher boiling fraction 
boiling above about 130° C., and contacting the 
higher boiling fraction under cracking conditions 
With a Synthetic cracking catalyst comprising a 
blend of silica and alumina, thereby to pro 
duce a normally gaseous fraction containing at 
least 40% by volume of C4 hydrocarbons, 
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5. In a process for the production of high Oc 

tane blending stocks which comprises the step of 
alkylating exterior sources of an isoparaffin with 
an olefin, the method of increasing the available 
alkylation reactants and the ratio of available 
isoparaffin to olefin and, hence, increasing the 
potential production of lower boiling alkylate per 
given quantity of Said alkylation reactants from 
exterior sources, which comprises separating the 
alkylation product into a lower boiling fraction 
and a higher boiling fraction boiling above about 
130 C., and contacting the higher boiling frac 
tion under cracking conditions with a synthetic 
cracking catalyst comprising a blend of silica, 
alumina and Zirconia, thereby to produce a nor 
mally gaseous fraction containing at least 40% 
by volume of C4 hydrocarbons. 

6. In a process for the production of high Oc 
tane blending stocks which comprises the step of 
alkylating exterior Sources of an isoparaffin with 
an olefin, the method of increasing the available 
alkylation reactants and the ratio of available 
isoparaffin to olefin and, hence, increasing the 
potential production of lower boiling alkylate per 
given quantity of said alkylation reactants from 
exterior sources, which comprises separating the 
alkylation product into a lower boiling fraction 
and a higher boiling fraction boiling above about 
130° C., and contacting the higher boiling frac 
tion under cracking conditions with a silica-alu 
mina cracking catalyst promoted With aluminum 
fluoride, thereby to produce a normally gaseous 
fraction containing at least 40% by volume of C4 
hydrocarbons. 

JAMES BURGIN. 

  


