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ABSTRACT OF THE DISCLOSURE 
_ Paraf?nic and/or alkyl substituted aromatic hydrocar 
bons are isomerized with a catalyst comprising (a) a 
Lewis acid of the formula MXin where M is selected from 
Group IV-B, V or VI-B of the Periodic Table, X is a 
halogen and n varies from 3 to 6, and (b) a strong 
Bronsted acid comprising ?uorosulfuric acid, trifluoro 
methanesulfonic acid, tri?uoroacetic acid or mixtures 
thereof. 

BACKGROUND OF THE INVENTION 

The present invention relates to a process for isomer 
izing paraf?ns and/or alkyl substituted aromatic hydro 
carbons. More particularly, the invention relates to the 
isomerization of branched and straight chain aliphatic 
and cycloaliphatic hydrocarbons and/or alkyl substituted 
aromatic hydrocarbons at isomerization conditions in the 
presence of a strong acid catalyst. Still more particularly, 
the invention relates to the isomerization of C4 to C20 
para?ins and alkyl substituted aromatic hydrocarbons in 
the presence of a catalyst comprising a Lewis acid and a 
strong Bronsted acid. 

DESCRIPTION OF THE PRIOR ART 

It is well known that the more highly branched isomers 
of the paraf?nic hydrocarbons occurring in petroleum oil 
gasoline fractions are more valuable than the correspond 
ing slightly branched or straight chain hydrocarbons due 
to their higher octane ratings. The demand for gasolines 
with high octane numbers has been due chie?y to the 
production of gasoline engines with increasingly higher 
compression ratios. One of the economically important 
ways in which the increased demands for high octane fuels 
can be met is through the isomerization of light naphtha 
components of such fuels. 
The isomerization of aliphatic, cycloaliphatic and alkyl 

aromatic hydrocarbons is well known. It is customary to 
employ certain Lewis acids, particularly aluminum chlo 
ride or aluminum bromide, in conjunction with certain 
promoters, such as hydrogen chloride, hydrogen bromide 
or hydrogen ?uoride as isomerization catalysts. Thus, for 
example, Canadian Pats. 742,746 and 794,400 disclose the 
use of antimony penta?uoride/hydrogen ?uoride in solu 
tion or on a solid support as an isomerization catalyst. 

Insofar as the isomerization of light naphthas is con 
cerned, the lower the temperature of isomerization, the 
more favorable is the equilibrium for converting straight 
chain paraffin hydrocarbons into branched chain isomers. 
One of the problems with the known catalyst systems is 
the relatively high temperatures that must be employed 
for the isomerization process. This may lead to increased 
cracking and disproportionation and, thus, a reduced yield 
of branched chain hydrocarbon. Another problem is the 
frequently high volatility of the catalyst system, necessi 
tating pressurized reactor systems. It has now been found 
that these problems can be circumvented by use of the 
special acid catalyst systems of this invention. 

SUMMARY OF THE INVENTION 

In accordance with this invention, isomerizable hydro 
carbons selected from the group consisting of paraffin-s, 
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alkyl substituted aromatic hydrocarbons and mixtures 
thereof, containing, preferably, 4 to 20 carbon atoms per 
molecule are isomerized at low temperatures in the pres 
ence of a catalyst comprising (a) one or more Lewis 
acids of the formula MXn where M is selected from 
Group IV-B, Group V or Group V'I—B elements of the 
Periodic Table, X is a halogen, preferably ?uorine, and 
n varies from 3 to 6, and (b) a strong Bronsted acid, pref 
erably comprising a strong halogen-substituted acid such 
as ?uorosulfuric acid, tri?uoromethanesulfonic acid, tri 
?uoroacetic acid or mixtures thereof. The Periodic Table 
referred to is that described in “The Encyclopedia of 
Chemistry,” Reinhold Publishing Corporation, 2nd ed. 
(1966) at p. 790. The term “elements” as used herein 
refers to the metals and metalloids of the aforementioned 
groups of the Periodic Table. 

Speci?c examples of useful Lewis acids include anti 
mony penta?uoride, arsenic penta?uoride, tantalum penta 
?uoride, niobium penta?uoride, vanadium penta?uoride, 
titanium tetra?uoride, bismuth penta?uoride, phosphorus 
penta?uoride, molybdenum hexafluoride, zirconium tetra 
?uoride, mixtures thereof and the like. Moreover, chlo 
rine, bromine or iodine may be substituted for ?uorine 
without affecting the efficiency of the catalyst system. 

Preferably, the catalyst composition will comprise only 
one Lewis acid and one Bronsted acid. Exemplary of such 
catalyst compositions that are encompassed by this inven 
tion are the following. 

Catalyst No.: 
1 ____ Antimony penta?uoride-?uorosulfuric 

acid. 
2 ____ Arsenic penta?uoride-?uorosulfuric acid. 
3 ____ Tantalum penta?uoride-?uorosulfuric 

acid. 
4 ____ Niobium penta?uoride-?uorosulfuric acid. 
5 ____ Vanadium penta?uoride-?uorosulfuric 

acid. ' 

6 ____ Titanium tetra?uoride-?uorosulfuric acid. 
7 _..__ Molybdenum hexa?uoride-?uorosulfuric 

acid. 
8 ____ Antimony penta?uoride-chlorosulfuric 

acid. 
9 L___ Antimony penta?uoride-tri?uoromethane 

sulfonic acid. 
10 ____ Arsenic penta?uoride-tri?uoromethane 

sulfonic acid. 
11 ____ Tantalum penta?uoride-tri?uoromethane 

sulfonic acid. 
12 ___.. Niobium penta?uoride-tri?uoromethane 

sulfonic acid. 
13 ____ Vanadium penta?uoride-tri?uoromethane 

sulfonic acid. 
14 ____ Titanium tetra?uoride-tri?uoromethane 

sulfonic acid. 
15 ____ Molybdenum hexa?uoride-tri?uoro 

methane-sulfonic acid. 
16 ____ Zirconium tetra?uoride-tri?uoromethane 

sulfonic acid. 
17 ____ Antimony penta?uoride-tri?uoroacetic 

acid. 
18 __.__ Tantalum penta?uoride-tri?uoroacetic 

acid. 
19 ____ Arsenic penta?uoride-tri?uoroacetic acid. 
20 ____ Titanium tetra?uoride-tri?uoroacetic acid. 
21 ____ Zirconium tetra?uoride-tri?uoroacetic 

acid. 
22 ___.. Vanadium penta?uoride-tri?uoroacetic 

acid. 
23 ____ Molybdenum hexa?uoride-tri?uoroacetic 

acid. 
24 .____ Niobium penta?uoride-tri?uoroacetic acid. 
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by n-butane, n-pentane, methylpentane, methylhexane and . 
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ably 6-12 carbon atoms, and may be exempli?ed by 
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clohexane, n-pentylcyclohexane and the like. Depending. ' 
on reaction conditions, isomerization of the ring, i.e. ring 
expansion or contraction, may compete with side chain 
isomerization. The alkyl substituted aromatic hydrocar 
bons can contain 7 to 20 carbon atoms per molecule, 
preferably 7 to 12 carbon atoms, and may include in 
principle all isomerizable alkylaromatic or polyalkylarm 
matic hydrocarbons such as the xylenes, n-butyl benzene ' 
and the like. Both positional isomerizationof the alkyl 
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I; r ’ BRIEFDESCRIPTION" OF THE DRAWING? § 
1 The" drawing is-a. ?ow-‘diagrams of a profsrrled;etnbnodj.~ 

mentRo-f the-invention; In thi's‘co e "0' th‘ 

efr at; not n-hemne?infthegfpresen 

Referring now to the drawing in detail, n~hexane is p , 
introduced into isomerizationzone 2, in the: liquid phase, . 
from a source, not shown, by way/of line 1. An equi 
molar mixture of antimony penta?uoride and tri?uo 
romethane sulfonic acid is introduced intoezone 2 via 
1ine3, ‘The amount of catalyst chargedlis. 20 g. per 100 ' 
g. of n-hexane. The temperature ‘within the isomerization 
zone is maintained between the range of 20 to 25° C. 
while the pressure is maintained at 1 atmosphere. The 
isomerization zone is provided with an agitator to ensure ‘ . 
thorough contacting of the reactants. The contacting time I 
is. about 2-6 hours. 7 
The .isomerized product is discharged from zone 2 via 

line 4 and sent to settling zone 5. Upon. standing for a 
period of time, the product separates into a hydrocarbon 
phase and an inorganic phase containing the acid catalyst’ > 
that is essentially insoluble. in the hydrocarbon phase. The » 
separated acid catalyst is then withdrawn from zone 5 
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and recycled to the isomerization zone 2 via line 6 for 
reuse. The separated hydrocarbon phase is discharged 
from settling zone 5 via line 7 and contacted therein with 
caustic (e.g. about 20% by weight sodium hydroxide) in 
troduced via line 8. The amount of caustic added thereto 
is 10 gms. per 100 gms. of n-hexane. The n-hexane/caus 
tic mixture is introduced into mixing zone 9 and intimate 
1y mixed therein. The mixture is then withdrawn from the 
mixing zone by means of line 10 and introduced into set 
tling zone 11, wherein the caustic phase separates from 
the hydrocarbon phase. 
The caustic phase is removed via line 12 and the hy 

drocarbon phase is removed via line 13 and introduced 
into a separation zone 14 illustrated as a distillation zone 
that is provided with a heating means such as steam coil 
15 and with lines 16, 17, 18, 19 and 20. Conditions of 
temperature and pressure are adjusted in zone 14 to re 
cover the product either in one fraction (line 16) or in 
several fractions by lines 17 and 18 While unreacted n 
hexane feed may ‘be discharged by line 19 and pref 
erably recycled to isomerization zone 2 via lines 19 and 
1. The heavy side products are discharged from the sepa 
ration Zone 14 by line 20. 
The invention -Will be further understood by reference 

to the following examples that include a preferred em 
bodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Example 1 

Several isomerization reactions were performed in a 
batchwise manner using a 500 cubic centimeter tetra 
?uoroethylene polymer (Te?on®)-lined stainless-steel re 
actor, equipped with a stirring device. Normal hexane 
was used as the hydrocarbon feedstock. Reaction condi 
tions and product distributions are given in the following 
table. 

Product analysis 
Table I summarizes isomerization product compositions 

as determined by gas-liquid chromatography using a 150 
foot, 0.01 inch I.D. squalene column and a hydrogen 
ionization ?ame detector. 
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based isomerizations, thus minimizing complications aris 
ing from competitive side reactions. 
What is claimed is: 
1. A process for the isomerization of isomerizable hy 

drocarbons selected from the group consisting of paraf 
?ns, alkyl substituted aromatic hydrocarbons and mix 
tures thereof comprising contacting said isomerizable hy 
drocarbon at isomerization conditions with a catalyst 
comprising (a) a Lewis acid of the formula MXn where 
M is selected from the Group V elements of the Periodic 
Table, X is a halogen and It varies from 3 to 6, and (b) 
a Bronsted acid comprising ?uorosulfuric acid, said con 
tacting occurring substantially in the liquid phase. 

2. The process of claim 1 wherein said paraffins con 
tain 4 to 20 carbon atoms per molecule and are selected 
from the group consisting of aliphatic and cycloaliphatic 
hydrocarbons and where said alkyl substituted aromatic 
hydrocarbons contain 7 to 20 carbon atoms per molecule. 

3. The process of claim 1 wherein the Lewis acid is 
selected from the group consisting of antimony penta 
fluoride, tantalum penta?uoride, niobium penta?uoride, 
vanadium penta?uoride, bismuth penta?uoride, arsenic 
penta?uoride, and phosphorus penta?uoride. 

4. The process of claim 1 wherein said catalyst con 
sists of niobium penta?uoride and ?uorosulfuric acid. 

5. The process of claim 1 wherein said catalyst con 
sists of antimony penta?uoride and ?uorosulfuric acid. 

6. The process of claim 1 wherein said catalyst con 
sists of tantalum penta?uoride and ?uorosulfuric acid. 

7. The process of claim 1 wherein the catalyst and 
hydrocarbon are contacted in the presence of an inert 
diluent. 

8. The process of claim 7 wherein said diluent is se 
lected from the group consisting of sulfuryl chloride 
?uoride, sulfuryl ?uoride and ?uorinated hydrocarbons. 

9. A catalytic isomerization process comprising con 
tacting isomerizable hydrocarbons selected from the group 
consisting of C4 to C12 paraf?ns, C7 to C20 alkyl substi 
tuted aromatic hydrocarbons and mixtures thereof, at 
isomerization conditions with a catalyst comprising (a) 
a metal fluoride wherein the metal is selected from the 
group consisting of titanium and Group V and Group 

TABLE I.-—n-HEXANE ISOMERIZATION 

Run 1 

Reaction conditions: 
200 

ystl CF3S03H-SbF5 
Weight of catalyst, g. 33 
Reaction time, h 
Reaction temperature, ° 0. 
Reaction pressure, atm ........... _. _. 

Percent (w./w.) catalyst/n-hexane _________ __ 
Product analysis, wt. percent: 

Butanes .................................. _. 

Isobutane.. 
n-Butane _ _ _ 

Pentanes _______________ _ 

2:3-dirnethylbutane.___ 
2-methylpentane _____ -_ 

3-methylpentane-- 

Heptanes ______________ ._ 

2,2-dimethylpentane _ 
ZA-dimethylpentane _ 
2,2,3-trimethylbutano 
3,3-dimethylpentane _ 
2-methylhexane ____ _ _ 

2,3-dimethylpentane _ _ _ 

3-methylhexane ____ . _ . _ - 

3-ethylpentane ________________________ _ _ 

n-Heptane 
Methylcyelohexane___._ _ _ _ 

Unidenti?ed peaks ____________________ _ _ 

Run 2 Run 3 Run 4 Run 6 Run 6 

200 200 
FSOaH-NbFa FSOaH-SbFB 

3% 33 5 

5.4 N N 

1 Catalyst consists of eqnimolar proportions of metal ?uoride and Bronsted acid. 

It will be noted from Table I that product of high 
C6+ content can be prepared by use of the catalysts of 
this invention. Moreover, low reaction temperatures can 

VI-B metals of the Periodic Table, and (b) a Bronsted 
acid selected from the group consisting of ?uorosulfuric 
acid, tri?uoromethanesulfonic acid and tri?uoroacetic 

be used to carry out the reactions vis-a-vis sulfuric acid 75 acid wherein said contacting occurs substantially in the 
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' liquidphasevand'at a temperature (between about; ---30 I‘ 
' and-‘100°: and at ‘a pressurejhetween therrangelotjabout . 

1 atmosphere and 50 atmospheres. 7; r V 
10. The process of claim'9 wherein saidcatalystncom 

prises tantalum penta?uoride and ?uorosulfuric acid.~ 
"11. Arproce'ss‘ for the; isomerizationrroi isomerizabl‘e ‘ 

hydrocarbons selected from the group'consi'sting of paraf- I 
?ns, alkyl substituted‘ aromatic vhydrocarbonsandi mix 
tures thereof‘comprising contacting said isomerizabzlehy~ 7 
drocarbousi .at ‘ isorneriz'ation'v conditions withi- a‘? catalyst 
comprising» (a) a Lewis acid ‘of the‘formula MXn where 
M is selected from the group consisting of titanium, and 

Table, X is a halogenrand n varies, from} to '6, and '(b) 
a Bronsted acid selectedafromthe group consisting?jof 
tri?uoromethanesulfonic"acid and tri?uoroacetic acid; 

7 H 12. Theprocess of claim 11 wherein,saidicatalystconr t a 

sists ‘ of antimony pentafluoride and ; tri?uorometh'ane-l 
' sulfonic acid.’ , I a » i 

a ' 13.~Tl1e, process ofrclaim 11. wherein saidtcatalystrcon-fa 
' sists "of tantalum penta?uorid'e'tand» 'tri?uo‘romethahesulP 

' fonic acid. ' ' ' V’ V ' 

4 Group‘ V and Group: ~IVI-B, elements’ of the Periodic , r 

20 

14, The process of claim 11 wherein the catalystds / 
supported on :a solid carriertthat'issubstantially 'inert\to~.2{5 ~~ 
the supported acid. . 

15. A process for the isomerization of an isomerizable a ' 
hydrocarbonselected from the, group consisting of» paraf 

' Miis sélectedtfrom the group consistingrof titaniur'nfand L ,. 
Group’ V ‘and , Group. 'YLBqelements of v the Periodic , 
Table, X is a‘ halogen andi'n varies, from 3 to '6, andtb)‘ ’ 
?uorosulfuric; acid, where said ?uorosulfuric acid and 

?ns, ‘alkyl :isubstituted: aromatic hydrocarbons andqzmixa} ' 

tures thereof comprising contacting said" isomerizablefhy-w' i drocarbons at isomerization conditions with'a catalyst’ 

‘ comprising (a) a Lewis acidl‘ofzthe'formula MX'n ‘where? rr 

30 

Lewis acid are supported 'stautiaily, inert. to said‘ supported-"acids, siaidis‘olidcarrier ,: 
selected from the‘ group consistingof ?uoride-treated I, . 
resins, ?uoride-treated acidic chali'd'es andacid-resistant ‘ 

' gen and n' varies from 3 to 6,1‘an'd: (blaBronsted 

8 
on a solid carrier that 'is sub 

rno'lecular sieves. 
16'. A" ‘process for: the isomerizationof isomerizablc v " 

hydrocarbons selected from the grouprconsi'sting'of paraf 
?ns,;alky1 substituted aromatichydrocarbons andmix 
tures thereof comprising contacting saidL isomezrizable by‘ a ,1} 
idrocarbons at isomerization conditions "witha catalyst?“ 
comprising (a) a Lewis acid of’ the formula'MXgL1 where or . t 
M is selected from’ the group consisting of titanium: and ~ ~ 
Group YI-B elements of the Periodic. Table; X is a halo 

com-prising ?uorosulfuric acid; ' ‘ " 

V 17., In a process for the isomerization of an isomeriz- ' V’ ‘ able hydrocarbon selected fromjthegroup copsistiug' of, 'paraf?ns, alkyl substituted aromatic hydrocarbons and i ' ' 

mixtures thereof, the step. of contacting said isomeriz-able 
hydrocarbon at isomerizationconditions‘ with a catalyst’ I , 
tcomprlsing vantimony vpenta?uoride wand ,tri?uotoacetic' ‘ 
acid. 7 
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