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This invention relates to the production of 
branched chain hydrocarbons. 
An object of the invention is the provision of a 

more efficient and economical process for the pro 
duction of branched chain hydrocarbons from 
straight chain paraffin and olefin hydrocarbons. 
Another object of the invention is the provision 
of a process for the more efficient production of 
branched chain saturated hydrocarbons from 
saturated hydrocarbons comprising open chain 
saturated hydrocarbons and unsaturated hydro 
carbons comprising ethylene. Still another ob 
ject of the invention is the provision of a process 
for the more efficient production of 2,3-dinnethyl 
butane from saturated hydrocarbon fractions 
comprising butane and unsaturated hydrocarbon 
fractions comprising ethylene. 
Methods whereby the straight chain paraffin 

and olefin hydrocarbons, particularly the lower 
boiling of these hydrocarbons, abundantly avail 
able in the petroleum industry, can be processed 
to obtain as the major product a single hydro 
carbon of branched structure or a mixture of 
branched chain hydrocarbons having the same 
number of carbon atoms to the molecule, are 
often greatly desired. The use of processes 
wherein hydrocarbon cracking is the principal re 
action is, in such cases, unsuited since the mate 
rials treated are converted to a wide range of 
hydrocarbons of which but a relatively small part 
may comprise the desired branched chain hydro 
carbons. Resort is therefore often had to the 
treatment of these materials under non-cracking 
conditions effecting the conversion of the open 
chain paraffinic hydrocarbon to a branched or a 
more highly branched chain product and the 
combining of the resulting branched chain prod 
uct with an available olefin hydrocarbon to ob 
tain a desired branched chain product of higher 
molecular weight than the starting materials. 
Utilization of several catalysts of entirely differ 
ent nature, and the consequent increase in oper 
ative steps involved, often renders uneconomical 
the large Scale operation of many of the processes, 
comprising exclusively non-cracking steps, avail 
able heretofore for the production of branched 
chain hydrocarbons from lower molecular weight 
hydrocarbons. These processes are furthermore 
limited in their scope of efficient application since 
they are generally inapplicable to the practical 
utilization of the abundantly available ethylene, 
or ethylene-containing hydrocarbon fractions, as 
a starting material. 

Catalysts particularly efficient in their ability to 
catalyze the conversion of open chain parafin 

hydrocarbons to branched or more highly 
branched chain paraffin hydrocarbons comprise 
those of the molten salt type consisting of molten 
mixtures of halide salts at least One of which is 
a halide of the Friedel-Crafts type. The eff 
ciency of these catalyst melts is adversely affected 
by the presence of spent or partly spent catalyst 
components within the melt. It has now been 
found that the degree to which the catalyst melt 

O is adversely affected is substantially proportional 
to the amount of spent or partly spent catalyst 
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the highly desirable 2,3-dimethyl butane. 

components in the body of the entire melt, and 
that removal of these spent components substan 
tially as rapidly as formed results in the main 
tenance of exceedingly high catalyst activity over 
longer periods of operation. The catalyst com 
ponents, which are at least partly spent with re 
spect to their ability to catalyze the hydrocarbon 
isomerization reaction, may be removed from the 
catalyst melt efficiently within the system by 
scrubbing the molten catalyst with incoming hy 
drocarbon feed, thereby separating a fluid catalyst 
residue, comprising the spent or partially spent 
catalyst components, from active catalyst com 

-25 ponents. Such continuous and thorough scrub 
bing of the catalyst melt, however, results in a 
relatively rapid removal of catalyst components 
from the system, thereby considerably increasing 
the cost of operation. It has now been found that. 
the fluid catalyst residue comprising the Spent 
catalyst components thus removed in the scrub 
bing operation, to which a Small proportion of 
fresh aluminum chloride has been preferably 
added, can be used advantageously to effect the 
reaction between branched chain Saturated hy 
drocarbon and olefinic hydrocarbons. The fact 
that the fluid catalyst residue produced as a by 
product in the isomerization of a saturated hy 
drocarbon can be utilized as a catalyst in a subse 
quent alkylation of branched chain hydrocar 
bons thus brings within the realm of economic 
feasibility a novel and exceedingly efficient process 
for the production of branched chain hydrocar 
bons of higher molecular weight than the starting 
materials. However, a still more advantageous 
feature of such a process resides in the fact that 
the inherent characteristics of the fluid catalyst 
residue thus obtained as a by-product in the iso 
merization of paraffinic hydrocarbons enables the 
efficient alkylation of isoparaffins with ethylene. 
Thus, isobutane can be, alkylated with ethylene 
in its presence to a product consisting mainly of 

The 
fluid catalyst residue obtained as a by-product in 
the isomerization of saturated hydrocarbons, to 



which a small amount of aluminum chloride has 
preferably been added to enhance its activity, thus 
presents a distinct advantage over the utilization 
of alkylation catalystS, Such as, for example, Sul 
furic acid, which are found to be impractical for 
the alkylation of isoparaffins with ethylene, and 
over the hydrocarbon-aluminum chloride complex 
sludge type catalysts, such as the complexes 
formed by reacting aluminum chloride with tolu 
"ene or a kerosene extract, which are rendered un 
suitable because of the apparent tendency of the 
ethylene to react with the aromatic hydrocarbon 
constituent of the catalyst. 
In accordance with the invention, Saturated 

hydrocarbons, comprising at least one straight 
chain paraffin hydrocarbon, are contacted, under 
isomerizing conditions with a catalyst compris 
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type. Such catalysts comprise mixtures of molten. 
halide salts, at least one of which is a halide 
of the Friedel-Crafts type. A particularly efficient 
isomerization catalyst comprises, for example, a 
molten mixture of an antimony halide and an 
aluminum halide. A molten mixture of AlCl3 
and SC3, containing from about 3 to 24 mol 
percent of aluminum chloride and modified, if 
desired, by the presence of a halide of an alkali 
or an alkaline earth metal, is highly suitable. 
It is to be understood, however, that the inven 
tion is in no wise limited to but one specific cata 
lyst of the molten Salt type, and other catalyst 
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ing a mixture of halide salts, at least one of which 
is a halide of the Friedel-Crafts type, in a first 
reaction zone, thereby effecting the conversion 
of straight chain paraffin hydrocarbons to 
branched chain paraffin hydrocarbons. A portion 
of the catalyst melt is continuously passed from 
the first reaction Zone into a scrubbing Zone 
wherein it is scrubbed with incoming hydrocar 
bon feed. 
catalyst residue, which comprises catalyst com 
ponents at least partially spent with respect to 
their ability to catalyze the hydrocarbon isomer 
ization reaction, is separated from active soluble 
catalyst components. The feed containing dis 
Solved catalyst components is passed to the first 
reaction zone. A part or all of the hydrocarbon 
products comprising branched chain paraffin hy 
drocarbons emanating from the first reaction zone 
is admixed with olefin hydrocarbons from an 
outside source. The resulting mixture of hydro 
carbons is contacted under alkylating conditions 
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melts may be employed such as, for example, any 
of the following molten mixtures: aluminum 
chloride-SOdium chloride-potassium chloride, 
aluminum chloride-sodium chloride-zinc chlo 
ride, aluminum chloride-sulfur dioxide-zinc chlo 
ride, aluminum chloride-sodium chloride-potas 
sium chloride-zinc chloride, etc. A part or all 
of the halide components of the catalysts may 

25 
Within the Scrubbing Zone a fluid . 

comprise halides other than the chlorides, for 
example, the bronides. . . . . . . ‘. . . . . . . 
The temperature to be maintained within re 

action chamber 6 may vary, for example, from 
about 50° C. to about 300° C. and preferably from 
about 80° C. to about 200° C., and is controlled 
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by judicious heat input into theater. 5. and, if 
needed, by additional heating means, not shown 
in the drawing. The isomerization reaction is 
preferably executed in the presence of a hydrogen... 
halide Such as, for example, hydrogen chloride. 
The hydrogen chlorider is introduced into the 
charge flowing through line 4 by means of line. 
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in a second reaction zone with the fluid cata 
lyst residue separated in the scrubbing zone, and 
to which a small amount of fresh Friedel-Crafts 
type halide has been preferably added, thereby 
alkylating branched chain paraffins with olefins. 
Products from the second reaction zone are frac 
tionated to separate a product comprising 
branched chain hydrocarbon reaction product 
therefrom. 
In order that the invention may be more fully 

Set forth and more readily understood, reference 
is made to the single drawing accompanying and 
forming part of this specification. The single 
figure in the drawing is a more or less diagram 
matic elevational view of one form of apparatus 
suitable for executing the invention. 
An isomerizable saturated hydrocarbon such as, 

for example, butane from any suitable source is 
forced by means of pump f through valved line 
2 into an intermediate part of an extraction 
ZOne. The extraction zone may consist of a col 
lumn 3 provided with suitable packing material, 
baffles or the like. Within extraction column 3 
the butane is contacted in the liquid phase with 
a portion of the catalyst emanating from the 
reaction zone as described more fully below. Liq 
uid butane comprising extracted catalyst compo 
nents is passed from extraction column 3 through 
valved line 4 and heater 5 into a reaction zone. 
The reaction zone may consist of a suitable 

reactor 6 provided with stirring means 7 and a 
Separating chamber 8. Although but one such 
reactor is shown within the drawing, it is to be 
understood that a plurality of such reactors, con 
nected in series or in parallel, may be used. With 
in reactor 6 the butane is contacted with a suit 
able isomerization catalyst of the molten salt 

O. Under these conditions butane will be cone. 
verted to isobutane within reactor 6. ; : . . . 
The isomerization reaction may be executed, 

in the vapor or liquid phase. When operating 
in the liquid phase, a pressure at least sufficiently 

40 high is maintained within reactor 6 to keep at 
least a substantial part of the butane in the 
liquid phase. 
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Within separation chamber 8 a substantial de 
gree of separation between catalyst melt and hy 
drocarbon will be effected. The supernatent hy 
drocarbon layer, which in general will comprise 
Some admixed and dissolved catalyst, is with 

SO 
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drawn from separator 8 and passed through line 
9 into a vaporizing zone. The vaporizing zone ... 
may suitably consist of the lower part of a col 
umn 2, an intermediate part of which is provid 
ed with suitable packing means, baffles, or the 
like. Within column f2 separation of hydrocar 
bons from entrained catalyst components is ef 
fected with the aid of heating coil 3, Since an 
timony chloride is relatively volatile, its separa 
tion from the hydrocarbon within column 2 is 
aided by the introduction of cold hydrocarbon 

60 
reflux into the upper part of the column by means 
of valved line 4. Wapors comprising isobutane, 
unconverted normal butane and hydrogen chlo 

65. 

ride promoter are passed from the upper part of 
column 2 through line 6 and cooler into ac 
cumulator 8. In passing through cooler f the 
stream is cooled to a temperature sufficiently low 
to effect the condensation of butanes. Catalyst 

O 

75 the addition of the halide 

components consisting essentially of antimony 
chloride, separated out as a liquid fraction with 
in column 2, are forced by means of pump 20 : 
through line 2 into reactor 6. Additional alu. . 
minum chloride, required to maintain catalyst, 
composition, is added to the catalyst flowing.: 
through line 2 by passing this stream through." 
a suitable vessel containing anhydrous AICs or by . 

salt by means of valved 
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conduit 22. The catalyst phase, separated out 
within separator 8, is forced by means of pump 
23 through line 24 into the upper part of extrac 
tion column 3. The portion of catalyst thus in 
troduced into extraction column 3 will pass 
countercurrent to the upflow of the liquid hy 
drocarbon. In its passage through column 3 a. 
portion of catalyst comprising antimony chlo 
ride is dissolved in the hydrocarbon stream and 
passed therewith to reactor B. Another portion 
of the catalyst comprising components which are 
spent, or at least partly spent, with respect to 
their ability to catalyze the isomerization reac 
tion, remains insoluble in the hydrocarbon stream 
and is separated therein as a heavier fluid cat 
alyst residue. The hydrocarbon charge to the 
system is preferably preheated, for example, with 
the aid of a suitable heat exchanger , to a tem 
perature favorable to the extraction operation. 
This temperature will vary with the nature of 
the material being treated and the particular 
catalyst used. In the treatment of paraffinic hy 
drocarbons temperatures in the approximate 
range of from 50° C. to 125 C. and preferably 
from 50° C. to 100° C. are found suitable. The 
pressure within column 3 is always sufficiently 
high to maintain at least a substantial portion of 
the hydrocarbon stream passing therethrough in 
the liquid phase. 

It has been found that the fluid catalyst resi 
due separated within extractor 3 will comprise 
any hydrocarbon-aluminum chloride complex 
formed within reactor 6. It has also been found 
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that this material is substantially insoluble in the 
hydrocarbon feed which contributed to its for 
mation and will not undergo decomposition or 
disintegration to any substantial degree in the 
extraction zone, whereas the still active anti 
mony chloride-aluminum chloride catalyst pos 
sesses an appreciable degree of solubility in the 
normal butane. The composition of the fluid cat 
alyst residue separated within column 3 will vary 
to some degree with the nature of material treat 
ed and operating conditions used. The catalyst 
residue thus obtained as a by-product of the 
isomerization operation is found to possess ap 
preciable fluidity and will maintain this fluidity 
at temperatures substantially below room tem 
peratures. The lower part of column 3 may, how 
ever, be provided with a jacket for the passage 
of a heating medium therethrough to aid in 
maintaining the desired temperature conditions 
tierein. 
The rate at which catalyst is withdrawn from 

separating chamber 8 and passed to the upper 
part of extractor 3 may vary within the scope 
of the invention. As pointed out above, however, 
it is highly advantageous to effect the catalyst 
withdrawal at a rate sufficiently great to prevent 
the accumulation to any substantial degree of 
even partially spent catalyst within the reactor. 
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From accumulator 8 liquid comprising iso 
butane and normal butane is forced by means of 
pump 26 through line 27 into a stripping column 
28. Gases and vapors, separately withdrawn 
from accumulator 8, are forced by means of 
compressor 29 through line 30 into stripping col 
umn 28. Within stripping column 28 the hydro 
gen chloride promoter is separated from the hy 
drocarbon material, and removed therefrom 
through valved line 3. A portion or all of the 
hydrogen halide promoter passing through line 
3 is recycled through valved line O to the re 
action zone. Make-up hydrogen chloride is in 
troduced into line fo from an outside source 
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3 . 
through valved line S2. A liquid fraction con 
prising normal butane and isobutane is passed 
through valved lines and 84 into a fraction 
ator S. Within fractionator SS a liquid fraction 
comprising normal butane is separated from a 
vapor fraction comprising isobutane. The liq 
uid fraction is withdrawn from column 5 
through valved line 3 and passed in part or in 
its entirety through valved line 3 to the isom 

... erization zone. The vapor fraction is removed 
overhead from column 35 through valved line 38. 
The fluid catalyst residue separated within ex 

traction column 3 is withdrawn therefrom through 
valved line 4 and passed to a second reaction 
Zone. A small amount of fresh aluminum chlo 
ride is preferably added thereto bypassing a part 
or all of the stream through a vessel containing 
anhydrous AICs or by addition of the halide 
salt through valved conduit 4. The amount of 
fresh aluminum chloride added to the fluid cat 
alyst residue may vary within the scope of the 
invention in accordance with the particular ma-. 
terials treated, composition of the isomerization 
catalyst, operating conditions, etc. Addition of 
fresh aluminum chloride in amounts ranging 
from exceedingly small amounts, for example, 
about one percent, to substantially larger propor 
tions up to, for example, about twenty percent of 
the resulting catalyst mixture, is suitable. Great 
er or lesser amounts may be added, however, as 
occasion requires without adversely affecting that 
peculiar quality of the resulting mixture which 
is imparted thereto by the inherent character 
istics of the by-product catalyst residue emanat 
ing from scrubber 3. If desired, a Friedel-Crafts 
type halide other than aluminum chloride, and 
even differing from that utilized in the melt in 
reactor 6, may constitute the fresh portion of the 
catalyst component added to the catalyst residue 
passing through line 4. The second reaction 
Zone may consist of a reactor 42 provided with 
suitable stirring means 43 and a suitable separat 
ing chamber, for example, a separating chamber 

in communication with the rest of the reactor 
in such wise that liquid may flow therefrom by 
gravity into the reactor proper. Although but 
one such reactor is shown in the drawing, one 
or more reactors connected in series or in parallel . 
may be used, 
A part or all of the isobutane passing through 

line 38 is forced by means of pump 45 through 
line 46 into line 4f leading into reactor 42. If 
desired, additional hydrocarbons comprising 
branched chain saturated hydrocarbons may be 
drawn from an outside source and introduced 
into line 46 by means of valved line 48. A sub 
stantially olefinic hydrocarbon fraction such as, 
for example, a fraction predominating in ethylene 
is introduced from an outside source through 
valved line 49 into line 46. Within reactor 42 
the mixture of olefinic and paraffinic hydrocar 
bons is subjected to alkylating conditions to effect 
the alkylation of isobutane with ethylene, thereby 
forming branched chain hydrocarbons, which be 
cause of the inherent nature of the catalyst pro 
duced within the system will comprise mainly 
2,3-dimethyl butane. Suitable temperature con 
ditions to be maintained within reactor 42 com 
prise a temperature within the range of from 
about 0° C. to about 80° C., preferably from about 
20° C. to about 40° C. The temperature within 
reactor 42 may be maintained by means of a suit 
able indirect heat exchanger 5 and other means 
not shown in the drawing. An excess of parafins 
with respect to olefins is maintained within re 



4. 
actor 42. Thus, the ratio of paraffins to olefins 
may be as high as 4:1 and even higher, if desired. 
The presence of a hydrogen halide is found ad 

vantageous to the alkylation reaction, smaller 
amounts of hydrogen.halide being, in general, re 
quired within reactor 42 then in reactor 6. Thus, 
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separated as a vapor fraction from a liquid frac 
tion comprising unreacted olefins. The vapor 
fraction is passed from fractionator 68 through 
valved lines 69, 37, and 4. into reactor 6. The 
liquid fraction is drawn from fractionator. 68 
through valved line 70 and passed through valved 

an amount of hydrogen chloride not substantially 
in excess of about one percent, for example, less 
than 0.5 percent, of the hydrocarbon charge to 
reactor 42 has been found suitable. Higher pro 
portions may, however, be used. The hydrogen 
halide promoter supplied to reactor 42 need not 
necessarily be the same halide as that introduced 
into reactor 6. 
Within separator 44 separation of hydrocarbons 

from the catalyst is effected. The catalyst which 
separates as a lower layer flows back into reactor 
42. Spent catalyst in the form of a sludge is 
removed from reactor 42 through valved line 52. 
The spent sludgy material thus eliminated 
through line 52 may be treated to recover ACl3 
therefrom by means not shown in the drawing. 
Such recovery means may comprise the more 
drastic means involving distillation or heating to 
effect decomposition of the aluminum chloride 
hydrocarbon complex contained therein. From 
separator 44 a supernatant hydrocarbon layer 
comprising the desired alkylate, unreacted ole 
fins and paraffins, and hydrogen halide promoter 
are passed through valved line 53 into a fraction 
ator 54. Within fractionator 54 a lighter fraction 
comprising hydrogen chloride, unconverted eth 
ylene and isobutane is separated and removed 
therefrom through valved line 55. This lighter 
fraction is passed in part or in its entirety from 
line. 55 through valved line 56 and heater, 57 into 
line 4. Make-up hydrogen halide for the alkyla 
tion zone may be diverted from line fo through 
valved line 58 into line. 56. 
Alkylate and unreacted butane, separated as a 

liquid fraction within fractionator 54, are removed 
therefrom through valved line 59 and passed in 
part or in their entirety through valved line 60 
into fractionator 6. Within fractionator 6 any 
normal butane present is stripped from the al 
kylate and passed through valved line 63 into 
line 37 leading to reactor 6. The alkylate com 
prising 2,3-dimethyl butane is withdrawn from 
fractionator 6 through valved line 64 as a final 
product. 

If desired, all of the hydrocarbon product re 
moved as a liquid fraction from fractionator 28 
and comprising both normal and isobutane may 
be passed directly, by judicious manipulation of 
valves 65 and 66, into line 46 leading to re 
actor 42. 

It is to be pointed out that the invention is in 
no Wise limited to the production of branched 
chain hydrocarbons from starting materials cor 
sisting of a paraffin and an olefin which is lower 
boiling than the paraffin. When the olefin in 
troduced into the system is heavier than the 
paraffinic hydrocarbons passed into reactor 42, 
unreacted branched chain paraffin hydrocarbons 
are recycled together with the hydrogen chlo 
ride promoter to the alkylation zone through lines 
55 and 56. Remaining reaction products, com 
prising the desired branched chain alkylate, un 
reacted olefin and some normal paraffins, are 
fractionated in fractionator 6 to separate the 
alkylate as a liquid fraction which is withdrawn 
therefrom through valved line 64. Remaining 
olefin and paraffin hydrocarbons are passed from 
fractionator 6f through valved lines 63 and 67 
into a fractionator 68 wherein the paraffins are 

10 

lines 46 and 4f to reactor 42. 
Under certain conditions it may be desirable 

to pass at least a part of the lighter fraction com-s. 
prising the hydrogen halide promoter separated 
within fractionator 54 to accumulator 8. This 
may be accomplished by passing the overhead 
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from fractionator 54 through line 55 into line 
6. This method of operation is often desirable 
as additional means for controlling the amount 
of hydrogen halide recycled to the alkylating 
Zone. Light gases may be withdrawn from ac 
cumulator 8 through valved line 7 and passed 
in part. Or in their entirety through valved lines 
72, 0,58, 56 and 4 into reactor 42. 
Although the process of the invention has been 

described in its application to the production of 
a branched chain hydrocarbon fraction compris 
ing 2,3-dimethyl butane from normal butane 
and ethylene, it is to be understood that the in. 
vention is in no wise limited to the use of these 
particular hydrocarbons as the starting mate 
rials. Any Saturated hydrocarbon capable of be 
ing isomerized to a branched or more highly 
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branched chain saturated hydrocarbon may con 
stitute the Saturated hydrocarbon charge to the 
system. It need not necessarily be a pure hydro 
carbon and may have admixed therewith one or 
more other saturated hydrocarbons which may or 
may not be isomerized under the conditions of 
execution of the reaction. Particularly desirable 
Saturated hydrocarbon starting materials com 
prise fractions such as the butane, pentane, 
hexane, etc., fractions obtained by fractional dis 
tillation of natural or straight run gasoline or 
saturated hydrocarbon mixtures from any other 
Sources. A saturated hydrocarbon mixture of 
considerably wider boiling range, which may com 
prise a substantial portion or all of the hydrocar. 
bons boiling within the gasoline range, such as 
a natural gasoline, casinghead gasoline or the 
like may constitute the Saturated hydrocarbon 
charge to the System. In passing through the 
lsomerization stage of the process substantial 
proportions of branched chain hydrocarbons are 
produced. The resulting isomerizate may be 
passed in part or in its entirety to the alkylation 
Zone. It may be desirable to pass only a lower 
boiling fraction of the isomerizate to the alkyla 
tion zone in admixture with olefinic hydrocar 
bons and combine the resulting alkylate with the 
remaining higher boiling portion of the iso 
merizate. 
An advantage of the invention resides in the 

economical and efficient utilization of ethylene or 
ethylene-containing fractions in the production 
of a branched chain hydrocarbon product. The 
invention is, however, not limited to the use of 
ethylene or ethylene-containing fractions as the 
olefinic charge to the process. Other olefins or 
olefinic fractions, such as those comprising, for 
example, propylene, butylene, amylene, cyclo 
pentene, cyclohexene, or higher olefins, may be 
used. The olefin may be charged to the alkyla 

70 tion Zone in admixture with paraffinic hydrocar 
bons, thus enabling the use of ethane-ethylene, 

75 

propane-propylene, butane-butylene, etc. frac 
tions without the need for a preliminary sepa 
ration of the olefin from the paraffin. When 
an olefin-containing fraction comprising a sub 
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stantial amount of ethane, such as, for example, 
an ethane-ethylene fraction, is charged to the 
alkylation zone, ethane is preferably removed 
from the hydrogen chloride-containing fraction 
separated from the effluence of the alkylation re 
actor before this fraction is recycled thereto. 
This may be accomplished by diverting all or a 
part of the stream flowing through line 55 
through valved line 73, and subjecting it to any 
suitable treatment for the separation of ethane 
therefrom by means not shown in the drawing, 
and returning the substantially ethane-free frac 
tion comprising hydrogen chloride to reactor 42. 
The means utilized for effecting the separation of 
ethane may comprise such steps as distillation 
scrubbing with suitable absorbents for hydrogen 
chloride, etc. 
The process of the invention thus enables the 

efficient and highly economical production of a 
wide variety of branched chain hydrocarbon frac 
tions optionally predominating in branched chain 
hydrocarbons of the same number of carbon 
atoms, with a minimum of operative steps, a high 
level of catalyst activity and maximum utilization 
of catalyst components gharged to the system. 

O 
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It is to be understood that the apparatus shown 

may be modified as apparent to one skilled in 
the art without departing from the scope of the 
invention. Thus for the sake of clarity parts of 
apparatus such as, for example, certain additional 
heating means, fractionator reboilers, condensers, 
means for providing reflux to fractionators, ac 
cumulators, catalyst storage means, valves and 
the like have been omitted from the drawing. 

Encample 
Butane was treated in the isomerization reactor 

with a molten mixture of antimony trichloride 
and aluminum chloride containing 11%. AlCl3 at 
a temperature of 90' C. with contact time of 6 
minutes and a catalyst to hydrocarbon ratio of 
1 to 1 by volume. Hydrogen chloride in the 
amount of 4 to 5% by weight of the butane 
charged was introduced into the reactor. Cata 
lyst melt was passed from the reactor to the 
scrubber and scrubbed therein with incoming bu 
tane at a rate sufficiently high to preclude the 
presence to any substantial degree of spent cata 
lyst components within the reactor. The conver 
sion of butane to isobutane was maintained at 
42% per pass. The isobutane product and fluid 
catalyst residue separated out in the scrubber 
were introduced into the alkylation reactor. A 
fresh portion of A1Cl3 in the amount of 17% by 
weight of the resulting mixture was added to the 
fluid catalyst residue entering the alkylation re 
actor. Ethylene was introduced into the alkyla 
tion reactor at a rate providing a mol ratio of 
isobutane to ethylene of 3 to i. With a contact 
time of 20 minutes and a temperature of 25 C. 
the hydrocarbon effluence of the alkylation re 
actor contained 25% by weight of hexanes con 
sisting predominantly of 2,3-dimethylbutane. 

claim as my invention: 
1. A process for the production of 2,3-dimethyl 

butane which comprises contacting normal bu 
tane with a catalyst melt comprising aluminum 
chloride and antimony chloride at isomerizing 
conditions in a first reaction zone thereby con 
verting normal butane to isobutane, continuously 
removing a portion of the catalyst melt from the 
first reaction zone, contacting said portion of 
catalyst melt with butane passing to the first re 
action zone thereby separating active catalyst 
components from a fluid catalyst residue, adding 
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S 
aluminum chloride to said catalyst residue, Sep 
arating isobutane from the effluence of the first 
reaction zone, contacting said isobutane together 
With added ethylene at alkylating conditions with 
said aluminum chloride-containing catalyst resi 
due in a second reaction zone thereby reacting 
isobutane with ethylene to form a branched chain 
hydrocarbon alkylation product comprising 2,3- 
dinnethyl butane, and separating hydrocarbons 
comprising said 2,3-dimethylbutane from the ef 
fluence of the second reaction zone. 

2. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
contacting normal butane with a catalyst melt 
comprising aluminum chloride and antimony 
chloride at isomerizing conditions in a first re 
action zone thereby converting normal butane to 
isobutane, continuously removing a portion of 
the catalyst melt from the first reaction zone, con 
tacting said portion of catalyst melt with butane 
passing to the first reaction zone thereby separat 
ing active catalyst components from a fluid cata 
lyst residue, adding aluminum chloride to said 
catalyst residue, separating isobutane from the 
effluence of the first reaction zone, contacting said 
isobutane together with an added straight chain 
olefinic hydrocarbon at alkylating conditions with 
said aluminum chloride-containing catalyst resi 
due in a second reaction zone thereby reacting 
isobutane with said olefin to form a branched 
chain hydrocarbon alkylation product, and sep 
arating hydrocarbons comprising said alkylation 
product from the effiuence of the second reaction 
2One. 

3. In a process for the production of branched 
chain hydrocarbons, the steps which Comprise 
contacting Saturated hydrocarbons Comprising an 
Open chain Saturated hydrocarbon with a catalys, 
melt comprising aluminum chloride and antimony 
chloride at isomerizing conditions in a first reac 
tion Zone thereby converting straight or branched 
chain saturated hydrocarbons to branched or 
more highly branched chain saturated hydrocar 
bons, continuously removing a portion of the 
catalyst melt from the first reaction zone, con 
tacting said portion of catalyst melt with Said 
Sarated hydrocarbons passing to the first re 
action Zone thereby separating active soluble 
catalyst components from a fluid Catalyst residue, 
adding aluminum chloride to said catalyst resi 
de contacting at least a portion of the effluence 
of the first reaction zone comprising saturate 
branched chain hydrocarbons together with added 
ethylene at alkylating conditions with said alu 
minum chloride-containing catalyst residue in a 
Second reaction zone thereby reacting Saturated 
branched chain hydrocarbons with ethylene to 
form a branched chain hydrocarbon alkylation 
product, and separating hydrocarbons COmprising 
said alkylation product from the effluence of the 
Second reaction zone. 

4. In a process for the production of branched 
chain hydrocarbons, the steps which Comprise 
contacting Saturated hydrocarbons comprising an 
open chain Saturated hydrocarbon with a cata 
lyst melt comprising aluminum chloride and an 
timony chloride at isomerizing conditions in a 
first reaction zone thereby Converting straight or 
branched chain saturated hydrocarbons to 
branched or more highly branched chain satu 
rated hydrocarbons, continuously removing a 
portion of the catalyst melt from the first reac 
tion zone, contacting said portion of catalyst melt 
With Saturated hydrocarbons passing to the first 
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reaction zone thereby separating active soluble 
catalyst components from a fluid catalyst residue, 
adding aluminum chloride to Said catalyst resi 
due, contacting at least a portion of the effluence 
of the first reaction Zone comprising branched 
chain hydrocarbons together with an added hy 
drocarbon fraction predominating in a straight 
chain olefin at alkylating conditions With Said 
aluminum chloride-containing catalyst residue in 
a second reaction Zone thereby reacting branched 
chain saturated hydrocarbons with said olefin to 
form a branched chain hydrocarbon alkylation 
product, and separating hydrocarbons compris 
ing said alkylation product from the effuence of 
the second reaction Zone. 

5. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
contacting normal butane with a catalyst melt 
comprising a mixture of halide Salts at least one 
of which is a halide of aluminum at isomerizing 
conditions in a first reaction Zone thereby con 
verting normal butane to isobutane, continuously 
removing a portion of the catalyst mel, from the 
first reaction Zone, contacting said portion of 
catalyst melt with butane passing to the first re 
action zone thereby separating active catalyst 
components from a fluid catalyst residue, adding 
aluminum halide to Said Catalyst residue, Sepa 
rating isobutane from the effluence of the first 
reaction Zone, contacting Said isobutane together 
with added ethylene at alkylating conditions with 
said aluminum halide-containing catalyst residue 
in a second reaction zone thereby reacting iso 
butane with ethylene to form a branched chain 
hydrocarbon alkylation product, and separating is 
hydrocarbons comprising said alkylation product 
from the effluence of the Second reaction Zone. 

6. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
contacting Saturated hydrocarbons comprising an 0. 
Open chain Saturated hydrocarbon with a cata 
lyst melt comprising a molten mixture of halide 
salts at least One of Which is a halide of alumi 
nun at isonerizing conditions in a first reaction 
ZOne thereby converting Straight or branched 
chain Saturated hydrocarbons to branched or 
more highly branched chain Saturated hydrocar 
bons, continuously removing a portion of the cat 
alyst melt from the first reaction zone, contacting 
Said portion of catalyst melt with said saturated 
hydrocarbons passing to the first reaction zone 
thereby separating active catalyst components 
from a fluid catalyst residue, adding aluminum 
halide to Said catalyst residue, contacting at least 
a portion of the effluence of the first reaction zone 
comprising Saturated branched chain hydrocar 
bons together with added ethylene at alkylating 
conditions with said aluminum halide-contain 
ing catalyst residue in a second reaction zone 
thereby reacting Saturated branched chain hy 
drocarbons with ethylene to form a branched 
chain hydrocarbon alkylation product, and sepa 
rating hydrocarbons comprising said alkylation 
product from the effluence of the second reaction 
ZOle. 

7. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
contacting saturated hydrocarbons comprising an 
Open chain Saturated hydrocarbon with a cata 
lyst melt comprising a molten mixture of halide 
salts at least one of which is a halide of alumi 
num at isomerizing conditions in a first reaction 
zone thereby converting straight or branched 
chain Saturated hydrocarbons to branched or 
more highly branched chain saturated hydrocar 
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bons, Continuously removing a portion of the 
catalyst melt from the first reaction Zone, con 
tacting Said portion of catalyst melt with satu 
rated hydrocarbons passing to the first reaction 
2One thereby separating active catalyst compo 
nents from a fluid catalyst residue, adding alumi 
num halide to said catalyst residue, contacting at 
least a portion of the effluence of the first reac 
tion Zone comprising branched chain saturated 
hydrocarbons together with an added hydrocar 
bon fraction predominating in a straight chain 
olefin at alkylating conditions with said alumi 
num halide-containing catalyst residue in a sec 
Ond reaction Zone thereby reacting branched 
chain Saturated hydrocarbons with said olefin to 
form a branched chain hydrocarbon alkylation 
product, and separating hydrocarbons compris 
ing Said alkylation product from the effluence of 
the second reaction zone. . 

8. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
contacting normal butane with a catalyst melt 
comprising a molten mixture of halide salts at 
least one of which is a halide of the Friedel 
CraftS type at isonerizing conditions in a first 
reaction Zone thereby converting normal butane 
to isobutane, continuously removing a portion of 
the catalyst melt from the first conversion zone, 
contacting said portion of catalyst melt with bu 
tane passing to the first reaction zone thereby 
Separating active catalyst components from a 
fluid catalyst residue, adding a fresh portion of 
Said halide of the Friedel-Crafts type to said 
catalyst residue, contacting at least a part of the 
effluence of the first conversion zone comprising 
isobutane together with added ethylene at alkyl 
ating conditions with said Friedel-Crafts type 
halide-containing catalyst residue in a second 
reaction Zone thereby reacting isobutane With 
ethylene to form a branched chain hydrocarbon 
alkylation product, and separating hydrocarbons 
comprising Said alkylation product from the ef 
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fluence of the Second reaction zone. 
9. In a process for the production of branched . 

chain hydrocarbons, the steps which comprise 
contacting Saturated hydrocarbons comprising 
an open chain Saturated hydrocarbon in admix 
ture with a promoting amount of a hydrogen 
halide with a catalyst melt comprising a molten 
mixture of halide Salts at least one of which is 
a halide of the Friedel-Crafts type at isomer 
izing conditions in a first reaction zone thereby 
converting straight or branched chain saturated 
hydrocarbons to branched or more highly 
branched chain saturated hydrocarbons, continu 
ously removing a portion of the catalyst melt 
from the first conversion zone, contacting said 
portion of catalyst melt with saturated hydrocar 
bons passing to the first reaction zone thereby 
Separating active catalyst components from a 
fluid catalyst residue, adding a fresh portion of 
said Friedel-Crafts type halide to said catalyst 
residue, contacting at least a portion of the ef 
fluence of the first reaction zone comprising sat 
urated branched chain hydrocarbons together 
with added ethylene at alkylating conditions with 
said Friedel-Crafts type halide-containing cat 
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alyst residue in a second reaction zone thereby 
reacting Saturated branched chain hydrocarbons 
with ethylene to form a branched chain hydro 
carbon alkylation product, and separating hydro 
carbons comprising said alkylation product from 
the effluence of the second reaction zone. 

10. In a process for the production of branched 
chain hydrocarbons, the steps which comprise 
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contacting saturated hydrocarbons comprising 
an open chain saturated hydrocarbon with a cat 
alyst melt comprising a molten mixture of halide 
salts at least one of Which is a halide of the 
Friedel-Crafts type at isomerizing conditions in 
a first reaction zone thereby converting straight 
or branched chain Saturated hydrocarbons to 
branched or more highly branched chain satu 
rated hydrocarbons, Continuously removing a por 
tion of the catalyst melt from the first reaction 
Zone, contacting said portion of catalyst melt 
with saturated hydrocarbons passing to the first 
reaction Zone thereby separating active catalyst 
componentS from a fluid catalyst residue, add 
ing a Friedel-Crafts type halide to said catalyst 
residue, contacting at least a portion of the ef 
fluence of the first reaction zone comprising sat 
urated branched chain hydrocarbons together 
With an added hydrocarbon fraction containing 
straight chain paraffins and olefins at alkylating 
conditions With said Friedel-Crafts type halide 
containing catalyst residue in a Second reaction 
ZOne thereby reacting saturated branched chain 
hydrocarbons With Said olefins to form a branched 
chain alkylation product, separating a fraction 
comprising Said alkylation product and a frac 
tion Comprising straight chain paraffins from the 
effluence of the Second reaction Zone, and pass 
ing said fraction comprising straight chain par 
affins to said first reaction Zone. w 

11. In a proceSS for the production of anti 
knock motor fuels, the steps which comprise con 
tacting a hydrocarbon mixture predominating 
in Saturated Straight chain hydrocarbons and 
boiling Within the gasoline boiling range with a 
catalyst melt comprising aluminum chloride and 
antimony chloride at isomerizing conditions in 
a first reaction zone thereby effecting the con 
version of straight chain saturated hydrocarbons 
to branched chain saturated hydrocarbons, con 
tinuously removing a portion of the catalyst melt 
from the first reaction Zone, contacting said por 
tion of catalyst melt with said hydrocarbon mix 
lure passing to the first reaction zone thereby 
Separating active Soluble catalyst components 
from a fluid catalyst residue, adding aluminum 
chloride to Said catalyst residue, and contacting 
at least a part of the effluence of the first reac 
tion Zone comprising branched chain Saturated 
hydrocarbons together with added ethylene at 
alkylating conditions with Said aluminum chlo 
ride-containing catalyst residue in a second re 
action Zone thereby reacting Saturated branched 
chain hydrocarbons with ethylene. 
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12. In a process for the production of anti 

knock notor fuels, the steps which comprise con 
tacting a hydrocarbon mixture predominating in 
saturated straight chain hydrocarbons and boiling 
within the gasoline boiling range with a catalyst 
melt comprising aluminum chloride and antimony 
chloride at isomerizing conditions in a first re 
action zone thereby effecting the conversion of 
straight chain Saturated hydrocarbons to 
brainched chain Saturated hydrocarbons, Con 
tinuously removing a portion of the catalyst inelt 
from the first reaction Zone, contacting said por 
tion of catalyst neit with said hydrocarbon mix 
ture passing to the first reaction Zone thereby 
Separating active catalyst components from a 
fluid catalyst residue, adding alunninum chloride 
to said catalyst residue, and contacting at least 
a part of the effluence of the first reaction Zone 
comprising oranched chain Saturated hydrocars 
bons together with an added hydrocarbon frac 
tion predominating in olefinic hydrocarbons at 
alkylating conditions with said aluminum chlo 
ride-containing catalyst residue in a second re 
action zone thereby reacting branched chain hy. 
drocarbons with said olefinic hydrocarbons. 

13. In a proceSS for the production of anti 
knock motor fuels, the steps which comprise con 
tacting a hydrocarbon mixture predominating in 
saturated straight chain hydrocarbons boiling 
within the gasoline boiling range with a catalyst 
net comprising a molter mixture of halide salts 
at least one of which is a halide of the Friedel 
Crafts type in a first reaction zone thereby ef 
fecting the conversion of straight chain Satu 
rated hydrocarbons to branched chain Saturated 
hydrocarbons, continuously renoving a portion 
of the catalyst melt from the first reaction Zone, 
contacting said portion of catalyst melt with said 
hydrocarbon mixture passing to the first reac 
tion Zone thereby separating active Catalyst con 
ponents from a fluid catalyst residue, adding a 
halide of the Friedel-Crafts type to said catalyst 
residue, and contacting at least a part of the 
effluence of the first reaction Zone comprising 
branched chain saturated hydrocarbons together 
With an added hydrocarbon fraction predomi 
nating in olefinic hydrocarbons at alkylating 
conditions with said Friedel-Crafts type halide 
Containing catalyst residue in a Second reaction 
zone thereby reacting branched chain hydrocar 
bons with said olefinic hydrocarbons. 

WILLIAM E. ROSS. 


