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1. 
This invention relates to the production of high 

octane paraffinic hydrocarbon fractions from 
naphthenic petroleum fractions and relates n.ore 
particularly to the production of multi-branched 
paraffin hydrocarbons from naturally occurring 
hydrocarbon mixtures. 
The aluminum halides are applied successfully 

On a practical Scale to the conversion of relative 
ly pure paraffin hydrocarbons, particularly bu 
tane and pentane, to their respective branched 
chain isomers. The application of these processes 
to the treatment of paraffin hydrocarbons having 
more than five carbon atoms to the molecule is 
generally beset with difficulties, however, due to 
the difficulty of obtaining these hydrocarbons as 
relatively pure fractions. It is well known that 
the separation on a commercial scale of hydro 
Carbon fractions consisting essentially of only a 
single paraffin hydrocarbon from many readily 
available hydrocarbon mixtures, such as natural 
gas, petroleum, refinery products, etc., is often 
extremely impractical if not impossible. Thus a 
hexane or heptane fraction as obtained, for ex 
ample, by the fractionation of natural gasoline, 
often comprises substantial amounts of other 
hydrocarbons, particularly naphthenes, which be 
cause of the proximity of their boiling points to 
those of paraffin hydrocarbons having the same 
number of carbon atoms cannot readily be sepa 
rated therefrom by practical large scale fraction 
ating methods. At least a substantial part of 
these naphthenes generally consist of naphthenes 
of non-hydroaromatic structure. The treatment 
of such fractions with aluminum halide catalysts 
in a single isomerization step in the absence of 
Substantial hydrocarbon decomposition produces 
a relatively small rise in octane rating. Their 
treatment in accordance with methods disclosed 
heretofore furthermore generally produces only 
relatively small yields of the highly desirable 
multi-branched paraffin hydrocarbons, and at 
tempts to increase the production in these proc 
esses of the multi-branched chain paraffins must 
generally be made at the expense of shortened 
catalyst life. 

In co-pending application Serial No. 443.269, 
filed May 16, 1942, it has been shown that by the 
removal of naphthenes from the isomerization 
charge to at least a Substantial degree, marked 
increase in the octane rating of the product is 
obtained with considerable increase in catalyst 
life. It has also been disclosed therein that in 
the treatment of hydrocarbons with aluminum 
halide catalysts the reaction rates and response 

(C. 260-666) 
2 

ing a mixture of these hydrocarbons to sufficient 
ly mild isomerization Conditions the naphthenes 
of non-hydroaromatic structure can be prefer 
entially isomerized to naphthenes of hydroaro 

5 matic structure in which latter form they can be 
more readily removed from the admixed paraf 
fins. This improved method, although Superior 
to those disclosed heretofore for the production 
of high Octane paraffin hydrocarbon fractions 

10 from naturally occurring hydrocarbon mixtures 
still does not enable the conversion of substan 
tially all of the normal or single branched paraf 
fins in the charge to the highly desired multi 
branched chain paraffin isomers. By the term 

15 "hydroaromatic hydrocarbons' as used through 
out this specification and claims is meant the 
naphthenes having a hexamethylene ring such as, 
for example, cyclohexane, the alkyl cyclohexanes, 
etc., to distinguish them from naphthenes of non 

20 hydroaromatic structure comprising those hav 
ing pentanethylene rings such as, for example, 
methyl cyclopentane, dimethyl cyclopentane, 
ethyl cyclopentane, etc. 

It is an object of the present invention to pro 
25 Vide an improved process for the more efficient 

production of multi-branched chain paraffin hy 
drocarbons from naturally occurring hydrocar 
bon rºixtures. 

It is a further object of the invention to pro 
30 vide an improved process for the more efficient 

conversion of Straight and singly branched chain 
paraffin hydrocarbons in admixture with naph 
thene hydrocarbons of non-hydroaromatic struc 
ture and having the same number of carbon 

35 atoms to the molecule to multi-branched chain. 
paraffin hydrocarbons. 
Another object of the invention is the provision 

of an improved process for the more efficient pro 
duction of dimethyl butane from commercial 

40 hexane fractions obtained by the fractionation 
of naturally occurring hydrocarbon mixtures 
Such as, for example, natural gasoline. Other 
objects and advantages of the invention will be 
come apparent from the following detailed de 

45 scription thereof. 
It has now been found that substantially in 

creased yields of multi-branched chain parafin 
hydrocarbons and much greater catalyst life are 
obtainable in the isomerization of saturated 

50 hydrocarbons when the mixture is subjected to 
isomerization conditions of progressively in 
creased intensity. In a preferred embodiment of 
the invention the hydrocarbon mixture compris 
ing, for example, paraffîn and naphthene hydro 

to variations in Catalyst activity and operating 55 carbons of non-hydroaromatic structure, is sub 
conditions of the naphthene and paraffin hydro 
carbons differ considerably, and that by subject 

jected to mild isomerization conditions effective to 
convert naphthenes of non-hydroaromatic struc 
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ture of naphthenes of hydroaromatic structure 
as the predominating reaction. Naphthenes are . 
thereupon removed from the resulting products of 
the mild isomerization treatment and the remain 
ing hydrocarbons are subjected to a more Severe 
isomerization in a second conversion Zone where 
in the reaction variables are adjusted to produce 
predominantly single-branched paraffin hydro 
carbons rather than multi-branched paraffin 
hydrocarbons. The resulting branched paraffin 
hydrocarbons are separated from the reaction 
products and subjected to isomerization Condi 
tions of preferably still greater intensity in a third 
conversion zone to convert less branched paraffin 
hydrocarbons to more highly branched chain 
paraffin hydrocarbons. 
In order that the invention may be more readily 

understood it will be described herein with refer 
ence to the attached drawings forming part of 
this specification and wherein: 

Figure I illustrates more or less diagram 
matically one form of apparatus suitable for 
treating hydrocarbon fractions comprising par 
affin hydrocarbons and naphthene hydrocarbons 
of non-hydroaromatic Structure in accordance 
with the process of the invention and wherein the 
naphthenes are recovered as substantially pure 
hydroaromatic naphthene fractions, and 

Figure II illustrates more or less diagram 
matically a modified form of apparatus, wherein 
all parts of apparatus identical" With those of 
Figure I are indicated with identical reference 
characters, suitable for the treatment of hydro 
carbon fractions comprising paraffin hydro 
carbons and naphthene hydrocarbons of non 
hydroaromatic structure in accordance with the 
process of the invention, and wherein the 
naphthenes are recovered in the form of relatively 
pure aromatic hydrocarbon fractions. 
A mixture of saturated hydrocarbons compris 

ing straight chain paraffin hydrocarbons and 
naphthene hydrocarbons of non-hydroaromatic 
structure having the same number of carbon 
atoms to the molecule, such as a hexane fraction 
boiling, for example, within the range of from 
about 45° C. to about 85° C., Comprising normal 
hexane, methyl cyclopentane and cyclohexane aS 
obtained, for example, by fractionation of a 
natural gasoline, is passed through valved line , 
and heater 2, into a conversion zone. If the 
charge comprises substantial amounts of di 
methylbutane and/or cyclohexane it may be sub 
jected to a preliminary fractionation by passage 
through valved line 3 into a feed fractionator 4. 
Within fractionator 4 a light hydrocarbon 
fraction comprising substantial amounts of 
dimethyl butane may be separated as a vapor 
fraction and eliminated therefrom through valved 
line 5. If substantial amounts of cyclohexane are 
present in the charge a heavier fraction, for ex 
ample, boiling above about 79° C. and comprising 
substantial amounts of the hydroaromatic naph 
thene hydrocarbon may be separated therefrom 
as a liquid fraction and withdrawn through valved 
line 6. The remainder of the charge comprising 
normal hexane and methyl cyclopentane, which 
because of the proximity of their boiling points 
cannot be readily separated, and some cyclo 
hexane, is taken from fractionator 4 through 
valved line 7 and passed into line . 
The conversion zone may comprise a reaction 

chamber 8 provided with suitable stirring means. 
Within reactor 8 the hydrocarbons are subjected 
to mild isomerization conditions whereby the non 
hydroaromatic naphthene, methyl cyclopentane, 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

80 

65 

4. 
is converted to the hydroaromatic naphthene, 
cyclohexane, as the predominant reaction. Suit 
able mild isomerization conditions are maintained 
Within reactor 8 by the use of a catalyst of mild 
activity and/or a high ratio of hydrocarbon to 
catalyst, or a more active catalyst at a relatively 
low temperature with a high ratio of catalyst to 
hydrocarbon and short contact time. In a pre 
ferred method of operation the catalyst comprises 
a fluid catalyst of the molten salt type such as, 
for example, a nolten mixture comprising 
aluminum chloride and antimony trichloride, the 
activity of which has been reduced by use in 
the treatment of paraffin hydrocarbons to a de 
gree where the catalyst possesses but little if any 
ability to isonerize paraffin hydrocarbons. Thus 
it has been found that a catalyst of this type 
utilized in the isomerization of hexane to a de 
gree Where isomerization of hexane Was no longer 
obtained, still possessed ability to isomerize 
naphthene hydrocarbons With equilibrium con 
versions. In the process of the invention, a 
catalyst comprising a molten mixture of alumi 
num chloride and antimony chloride which has 
been substantially spent in a paraffin isomerizing 
step of the process as described more fully below, 
is passed into reactor 8 through valved lines fo 
and . When utilizing the molten salt catalyst 
of reduced activity a temperature below 80° C. 
and preferably not substantially above 75° C., and 
a phase ratio by volume of catalyst to hydro 
carbon in the approximate range of 1:5 to 1:10 
have been found suitable. It is to be pointed out 
that hydrogen halides are preferably present in 
only exceedingly small concentrations, for ex 
ample, in amounts below about 0.5 per cent by 
weight of the hydrocarbon charge to the reaction 
zone. Under these mild conditions substantial 
conversion of methyl cyclopentane to cyclohexane 
is obtained as the predominating reaction, as 
shown by the following example. 

ECample I 
A mixture of normal hexane and methyl cyclo 

pentane consisting of 81.5% by weight of normal 
hexane and 18.5% by weight of methyl cyclo 
pentane was treated at a temperature of 80 C. 
with a molten mixture of aluminum chloride and 
antimony chloride, the activity of which had been 
reduced by use in a previous hexane isomeriza 
tion step until it had become substantially spent 
With respect to paraffin isomerization. A con 
tact time of 7.5 minutes and a ratio of catalyst 
to hydrocarbon of 1:5 by volume was maintained. 
A conversion of methyl cyclopentane to cyclo 
hexane of 50% was obtained in continuous sin 
gle-pass operation, whereas the maximum con 
version of normal hexane to methyl pentane at 
tained only about 17.5%. 
Although a catalyst comprising aluminum 

chloride and antimony chloride has been selected 
as a suitable catalyst, it is to be pointed out that 
other catalysts of the molten salt type, the ac 
tivity of which has been reduced, such as, for ex 
ample, AlCl3-NaCl-KCl; AlCl3-NaCl-ZnCl2; 
AlCl3-ZnCl2-SO2; AlCl3-NaCl-KCl-ZnCl2; 
etc., may be used. It is further to be understood 
that Catalysts which are inherently relatively 
mild isomerization catalysts such as, for example, 

70 

75 

catalysts of the aluminum halide-hydrocarbon 
complex type obtained by the reaction of an alu 
minum halide such as aluminum chloride With a 
suitable hydrocarbon Such as toluene, an unsat 
urated naphthene, and the like, Or any other cat 
alyst possessing mild isomerizing activity may be 
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used in the first conversions Zone. It is to be 
noted that the aluminum halide-hydrocarbon 
complex type catalyst which may be used in re 
actor 8 contains no more aluminum halide than 
that in molecular combination with the hydrocar 
bon component of the catalyst and as such is 
devoid of any substantial amount of free alu 
minum halide. It has been found that the hydro 
carbon-aluminum halide complex compound 
itself does not possess any appreciable ability to 
catalyze the isomerization of paraffin hydrocar 
bons, and that substantial paraffin isomerization 
is obtained only by the suspension of free alu 
minum halide therein. When using the alu 
minum chloride-hydrocarbon complex type cata 
lyst, devoid of any substantial amounts of free 
AlCls, somewhat higher temperatures, for exam 
ple, up to 100° C., preferably from about 60° C. 
to about 90° C., in the presence of Small amounts 
of a hydrogen halide promoter, for example, be 
low about 0.5% by weight of the charge, may be 
used. When a catalyst other than partially spent 
catalyst obtained in the process is used, such 
catalyst is introduced into the system through 
valved line 2. The criterion for proper operat 
ing conditions within the first conversion Zone is 

O 

6 . 
mal hexane are passed overhead from fraction 
ator 20 through line 23 and heater 24 into a sec 
ond Conversion zone. 
Although but one reactor 8 is shown as con 

stituting the first isomerizing zone a plurality of 
reactors connected in series or parallel may suit 
ably be used. Additional fractionating means 
after the first conversion zone. and between in 
dividual reactors thereof may be resorted to in 
Order to effect the separation of cyclohexane as 
well as a lighter fraction comprising some hex 
anes and unconverted methyl cyclopentane which 
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the preferential conversion of non-hydroaro 
matic naphthenes to hydroaromatic naphthenes 
and the single factors comprising temperature, 
catalyst to hydrocarbon ratio and time of Con 
tact may vary within the scope of the invention 
to obtain the desired mild isomerization condi 
tions. Thus a more active Catalyst may be used 
with a lower temperature, or the use of a more 
active catalyst may be compensated for by the 
use of very low catalyst to hydrocarbon ratios 
as exemplified by the following example: 

ECample II 
A mixture of normal hexane and methyl cyclo 

pentane consisting of 81.5% by weight of nor 
mal hexane and 18.5% by weight of methyl cyclo 
pentane was treated with a molten mixture of 
aluminum chloride and antimony chloride at a 
temperature of 75° C. with a contact time of 5 
minutes and a ratio of catalyst to hydrocarbon 
of 1:18 by volume. A conversion of methyl cy 
clopentane to cyclohexane of 53% was obtained, 
whereas only 19% of the normal hexane was 
converted to methylpentane. 

Effluence from reactor 8 comprising normal 
hexane, cyclohexane, and entrained catalyst is 
passed through line 3 into separator 4 wherein 
separation of catalyst and hydrocarbons is ef 
fected. Separated catalyst is returned to reactor 
8 through valved lines 6 and . After a period 
of time the catalyst will lose its activity even for 
naphthene isomerization. Spent catalyst is 
therefore withdrawn from the system regularly 
or intermittently through line 6. The separated 
hydrocarbons are passed through line 7 to a 
fractionator 8 wherein they are subjected to 
fractionation together with isomerized hexanes 
from a subsequent stage of the process. A liquid 
fraction comprising normal hexane and cyclo 
hexane is passed from the lower part of frac 
tionator f3, through line 9 into a second frac 
tionator 20 wherein a hydrocarbon comprising 
cyclohexane is separated as a liquid fraction and 
removed therefrom through valved line 22 as a 
final product. If the charge to the system is sub 
jected to prefractionation in feed fractionator 4, 
the heavier fraction removed through line 6 may 
be passed in part or in its entirety through line 
2 into line 9. Hydrocarbons comprising nor 
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may be recycled. It is apparent that by Such 
means substantially all of the non-hydroaromatic 
naphthenes are converted to the more readily re 
movable hydroaromatic naphthenes. 

Paraffin hydrocarbons consisting essentially of 
normal and single branched hexanes maybe in 
troduced from an Outside source through valved 
line 5 into line it to be converted, together with 
the products emanating from separator , to 
multi-branched hexanes. This paraffin hydro 
carbon stream may constitute at least a substan 
tial part or even the total hydrocarbon charge 
to the process. 
The second conversion Zone may comprise a 

reactor 26 or a plurality of such reactors ar 
ranged in parallel or in series. Within the re 
actor 26 the hydrocarbons are subjected to con 
ditions of isomerization which are more severe 
than those maintained within the first conver 
SiOn Zone. Heretofore the isomerization of Such 
paraffin fractions for the production of high oc 
tane fractions has usually been effected under 
Conditions most favorable to the formation of 
multi-branched chain paraffins. Such treatment 
in a single zone, it has been found, results not 
only in relatively shortened catalyst life but con 
verts only relatively small amounts of the normal 
paraffins charged to the multi-branched chain 
isomers. In the process of the invention, condi 
tions within reactor 26 are controlled to limit the 
formation of multi-branched paraffins and to 
produce primarily single branched paraffins. 
This is effected by maintaining isomerizing con 
ditions of intermediate severity by selection of 
proper temperatures, contact time and catalyst to 
hydrocarbon ratio. A catalyst of high activity 
is used, however, in reactor 26. A particularly 
suitable catalyst comprises a molten mixture of 
aluminum chloride and antimony chloride. Other 
catalysts of the molten salt type such as 

AlCl3-NaCl-KCl 
AICl3-NaCl-ZnCl2 

AlCl3-NaCl-KCl-ZnCl2 
AlCl3-SO2-ZnCl2 

and isomerization Catalysts other than the molten 
Salt type possessing high activity may, however, 
be used. The single factors comprising tempera 
ture, catalyst to hydrocarbon ratio, time of con 
tact and promoter content may vary within the 
Scope of the invention to obtain the isomeriza 
tion conditions of intermediate severity the cri 
terion of which is the conversion of normal par 
affins to branched paraffins with a minimum pro 
duction of multi-branched chain paraffin hydro 
carbons. Suitable isomerizing conditions of in 
termediate severity when utilizing the molten salt 
type catalysts of high activity comprise tempera 
tures in the range of from 80° C. to 90° C.; a cat 
alyst to hydrocarbon ratio by volume from about 
1:2 to about 1:5; a contact time in the range of 
from about 5 to about 15 minutes; and the pres 
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ence of a hydrogen halide promoter such as hy 
drogen chloride, for example, in amounts ranging 
from about 2 to about 10% of the charge. By 
maintaining such conditions within the second 
conversion zone, hexane will be converted to 
methylpentanes with substantially increased cat 
alyst life in the absence of both substantial for 
mation of dimethyl butane and any substantial 
hydrocarbon decomposition, as illustrated by the 
following example: 

Eacample III 

A hexane fraction consisting predominantly of 
normal hexane was treáted with a catalyst con 
sisting of a molten mixture of aluminum chloride 
and antimony chloride at 85 C. with a catalyst 
to hydrocarbon ratio of 1:1.7, contact time of 16 
minutes and the addition of 4% hydrogen chlo 
ride to the charge. 210 pounds of isomerizate 
having an increase in Octane rating of 20 units 
over the charge were obtained per pound of alur 
minum chloride in the catalyst, 23.3 pounds of 
neohexane being produced per pound of AlCl3. A 
second portion of the same hexane fraction was 
treated with a molten mixture of aluminum chlo 
ride and antimony chloride, under conditions 
minimizing the conversion of normal hexane to 
neohexane by reducing the temperature to 80°C., 
the catalyst to hydrocarbon ratio to 1:5, the con 
tact time to 4.5 minutes, and the hydrogen chlo 
ride addition to 2% of the charge. 548 pounds 
of isomerizate, having an increase in Octane rat 
ing of 21.5 units over that of the charge, were ob 
tained per pound of aluminum chloride in the 
catalyst; only 13 pounds of neohexane being pro 
duced per pound of AlCl3. An average conversion 
of normal hexane to methyl pentanes of 46% was 
obtained When continuing the operation under 

0 
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line 34. 

8 
reactor 28 through line 27 into separator 28 
wherein separation of catalyst from hydrocarbons 
is effected. Separated catalyst is returned to re 
actor 26 through valved lines 29 and 0. Fresh 
catalyst is introduced into reactor 26 from an 
external source by means of valved line 3. 

Hydrocarbon and promoter are passed from 
separator 28 through line 32 into a stripping col 
umn 33. Within column 33 a lighter fraction 
comprising the hydrogen halide promoter is sep 
arated and eliminated overhead through valved 

A part or all of the lighter fraction paSS 
ing through line 34 is recycled through line 35 
into lin? 23. Make-up, hydrogen halide pro 
moter is introduced from an outside source into 
line 35 by means of Valvedi line 36. The con 
version within the second conversion zone may 
be effected in the presence of diluent gases or 
agents such as hydrogen, isobutane or the like, 
capable of suppressing hydrocarbon decomposi 
tion. These may be introduced into line 35 from 
an outside source through valved line 3. 
A hydrocarbon fraction comprising methyl 

pentane and unconverted normal hexane is 
25 

30 

35 

the less severe conditions to a final conversion of 
normal hexane to methylpentane of 14%. 
The disadvantage of attempting to isomerize 

naphthenic hydrocarbon fractions in a single 
40 

Conversion Zone, and more particularly the ad- . 
vantage obtained by removing naphthenes from 
the charge to the second conversion zone of the 
process, is illustrated by the following examples 
showing the effect of increased naphthene con 
centrations in the charge upon the efficiency of 
the conversion operation in terms of increase in 
octane rating of the product over the charge. 

Eacample I v 
Mixtures of normal hexane and methyl cyclo 

pentane were treated at a temperature of about 
85 C. with a molten aluminum chloride-anti 
mony chloride catalyst. The contact time was 
approximately 30 minutes and the ratio of cata 
lyst to hydrocarbon about 1:5 by volume. Hy 
drogen chloride was added to the charge in the 
amount of 4% by Weight of the hydrocarbon feed. 
The increase in octane number of the products 
Over that of the feeds is given in the following 
table: 

weight per cent methyl cyclopentane in feed 

Efluence from reactor 26 comprising methyl 
pentane, unconverted hexane, hydrogen halide 
promoter and entrained catalyst is passed from 
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passed from the lower part of fractionator 33 
through valved line 39 into fractionator f3 to 
be fractionated therein. A hydrocarbon fraction 
Comprising methyl pentane is separated within 
fractionator 8 and passed therefrom through 
valved line 4. If desired, a part or all of the 
products passing through line 4f may be removed 
from the System as a final product through valved 
line 43. The methyl pentanes are, however, pref 
erably passed through line 4 and heater 42 into 
a third conversion Zone. The third conversion 
Zone may comprise a reactor 44 provided with 
suitable stirring means, or a plurality of such 
reactors arranged in Series or in parallel. 
Within reactor 44 the methylpentanes are sub 

jected to catalytic isomerization conditions favor 
able to their conversion to dimethyl butane. 
Isomerization conditions of greater severity than 
those in the second conversion zone are preferably 
maintained within reactor 44. Suitable catalysts 
comprise isomerization catalysts of high activity 
Such as those described above for use in the 
Second conversion Zone. Proper conditions are 
obtained by increase in one or several of the fac 
tors comprising temperature, time of contact, 
catalyst to hydrocarbon ratio, or hydrogen chlo 
ride promoter content over those maintained in 
reactor 26. The following example illustrates the 
efficient conversion of methylpentane to neohex 
ane obtained with a contact time of 30 minutes. 

Eacample V 

Methylpentane was treated with a molten mix 
ture comprising 92.5% by weight of SbCl3 and 
7.5% by weight of AlCl3 at a temperature of 80° 
C. with a contact time of 30 minutes and a ratio 
of catalyst to hydrocarbon of 1:5 by volume. 
Hydrogen chloride and benzene in amounts of 
2.5 and 1.1% by weight respectively of the methyl 
pentane charge were introduced into the reactor. 
A conversion of methyl pentane to dimethyl bu 
tane of 37.4% was obtained. 

Excessively high temperatures at which sub 
stantial hydrocarbon decomposition is obtained 
are, however, avoided within reactor 44. Thus 
when utilizing the molten salt type catalyst, tem 
peratures in the range of from about 80° C. to 
about 125 C., and preferably from 80° C. to 95° 
C., are found suitable. 

Effluence from reactor 44 comprising dimethyl 
butane, unconverted methylpentane and hydro 
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- gen halide is passed through line 45 into separa 
tor 46 wherein separation of catalyst from hydro 
carbons is effected. Separated catalyst is re 
turned through valved lines 47 and 48 to reactor 
44. Fresh catalyst is introduced into reactor. 44 
from an outside source by means of valved line 
49. Hydrocarbons and promoter are passed from 
separator 49 through line 5 l into a stripping col 
umn 52. Within column 52 a lighter fraction 
comprising hydrogen halide is separated and re 
moved overhead through valved line 53. A part 
or all of the material passing through line 53 is 
recycled through line 54 into line 4. Make-up 
hydrogen halide is introduced into line 54 from an 
outside source through valved line 55. A diluent 
gas or an agent capable of suppressing hydrocar 
bon decomposition such as hydrogen, isobutane, 
benzene, etc., may be used in the third conversion 
zone, and is introduced into line 54 from an out 
side source through valved line 56. A hydrocar 
bon fraction comprising dimethyl butane and 
methylpentane is passed from column 52 through 
line 57 into fractionator 58. Within fractionator. 
58 a hydrocarbon fraction comprising dimethyl 
butane is separated and removed overhead there 
from through valved line 59 as the final product. 
A liquid fraction comprising unreacted methyl 
pentane and some normal hexane formed within 
reactor. 44 is separated within fractionator 58 and 
passed therefrom through valved line 6 into line 
39 leading to fractionator 8. A part of the hy 
drocarbons flowing through line 6 may be re 
cycled through valved line 62 to aid in suppress 
ing the formation of normal hexame within re 
actor 44. 
When molten salt type catalysts are used in re 

actors 26 and 44, and a molten salt type catalyst 
of reduced activity is used as the catalyst in re 
actor 8, the catalyst which has become at least 
partially spent with respect to paraffin isomeriza 
tion and which is withdrawn from separators 28 
and 46 through lines 29 and 47, respectively, is 
passed in part or in its entirety through valved 
lines O and if into reactor 8. After a period of 
use in reactor 8 the molten salt catalyst will be 
come inactive even for the isomerization of the 
non - hydroaromatic naphthenes. Such i spent 
catalyst is removed from separator 4 through 
valved line 6. In a preferred method of execut 
ing the process of the invention, at least a part 
of the spent catalyst passing through line 6 is 
passed through valved line'64 into the upper part 
of a Scrubber 65. Within scrubber 65 the spent 
catalyst is contacted countercurrently with a part 
or all of the hydrocarbon stream, in the liquid 
state, flowing through line 23. To this effect a 
valved line is provided leading from line 66 into 
an intermediate part of scrubber 65. Within 
scrubber 65 the more soluble catalyst components, 
which in the case of the AlCl3-SbCl3 catalyst will 
comprise SbCl3, is recovered from the spent cata 
lyst by solution in the hydrocarbon. The hydro 
carbon stream comprising dissolved catalyst com 
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10 
The particular steps by which the hydroaro 

matic naphthene hydrocarbons are removed from 
the products emanating from the first conversion 
zone may vary within the scope of the invention. 
Thus this phase of the process may comprise, be 
sides fractionation, one or more of such steps 
as dehydrogenation, solvent extraction, extractive 
distillation, hydroforning, etc. Whereas in the 
treatment of a naphthenic hexane fraction, frac 
tionation is found to be highly suitable, this 
method is often rendered impractical with hy 
rocarbon fractions comprising hydrocarbons of 
more than six carbon atoms to the molecule, due 
to the complexity of the hydrocarbon mixture and 
the proximity of the boiling points of certain of 
the hydroaromatic naphthene hydrocarbons to 
those of the paraffin constituents. Thus, in the 
treatment of a naphthenic hydrocarbon fraction 
comprising hydrocarbons having, for example, 
seven carbon atoms to the molecule, the products 
of the first conversion Zone comprise the hydro 
aromatic naphthene, methyl cyclohexane, the 
boiling point of which differs by only about two 
degrees from that Of the normal heptane admixed 
therewith. 
When treating a naphthenic hydrocarbon frac 

tion comprising hydrocarbons having more than 
six carbon atoms to the molecule, the removal 
of the hydroaromatic naphthenes from the prod 
ucts emanating from the naphthene isomerizing 
zone may comprise such steps as the conversion 

... of the hydroaromatic naphthenes to aromatic hy 

35 

40 

drocarbons, and the separation of the resulting 
aromatics by solvent extraction, extractive dis 
tillation, or other suitable methods. Thus, re ferring to Figure II, a mixture of saturated hy 
drocarbons consisting essentially of paraffins and 
cycloparaffins of non-hydroaromatic and hydro 
aromatic structure having more than six carbon 
atoms to the molecule such as, for example, a 
heptane fraction having a boiling range from 
about 85° C. to about 105 C., comprising normal 
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ponents is passed from Scrubber 65 through 
valved line 67 back into line 23. Spent catalyst 
consisting essentially of a carbonaceous alumi 
num chloride-containing material settles to the 
lower part of scrubber 65 and is removed there 
from through valved line 68. The temperature 
to be maintained within scrubber 65 will depend 
upon the nature of the spent catalyst introduced 
therein. In general, a temperature in the range 

65 

70 

of from 80° C. to 90° C. has been found suit 
able and may be maintained therein by use of 
a suitable heat exchanger 69. 75 

heptane, dimethyl cyclopentane, ethyl cyclopen 
tane and methyl cyclohexane, as obtained by 
fractionation of a naphthenic straight run gas 
oline, is introduced into the system through line 
f. If the charge contain but a minor amount of 
ethyl cyclopentane and Substantial amounts of 
methyl cyclohexane, it may be desirable to sub 
ject the charge to a preliminary fractionation in 
fractionator 4 to separate a heavier fraction pre 
dominating in methyl cyclohexane as a bottom 
fraction, which is withdrawn through line 6. 
The remainder of the charge comprising substan 
tially all of the normal heptane and dimethyl cy 
clopentanes is passed as a side stream from frac 
tionator 4 through lines 7 and into reactor 8. 
Within reactor 8 the hydrocarbons are treated 
as described above to selectively convert the 
non-hydroaromatic naphthenes comprising the 
methyl cyclopentanes and ethyl cyclopentanes to 
hydroaromatic naphthenes comprising methyl cy 
clohexanes. The products from reactor 8 com 
prising normal heptane and methyl cyclohexane 
are passed through line into a dehydrogenat 
ing Zone. If the charge to the system is sub 
jected to a pre-fractionation in feed fractionator 
4, the heavier fraction removed through line 6 
may be passed in part or in its entirety through 
line To into line 7. The dehydrogenating zone may comprise a 
reactor 7 or a plurality of reactors connected in 
series or in parallel. Within reactor T the hy 
drocarbon streamis contacted with a catalyst un 
der conditions at which the hydroaromatic naph 
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thenes will be converted to aromatic hydrocar 
bons. It is preferred to use a catalyst of the 
nickel-tungsten-sulfur type, which it has recently 
been found is particularly effective in selectively 
converting hydroaromatic naphthenes to aromats 
ic hydrocarbons. The invention, however, is not 
limited to the use of this preferred type of cat 
alyst, and other dehydrogenation catalysts com 
prising, for example, chromium oxide or molyb 
denum oxide on alumina or zirconia may be used. O 
The dehydrogenation is effected at a temperature 
in the range of, for example, from about 400 C. 
to about 550° C., preferably at elevated pressures, 
for example, above about 350 pounds, in the pres 
ence of added hydrogen. The desired tempera 
ture conditions are maintained within reactor 
by means of heater T2 and if desired by other 
means, not shown in the drawing, for supplying 
heat from an Outside source. 
Products from reactor comprising parafin 

and aromatic hydrocarbons including, for exam 
ple, normal heptane and toluene, are passed 
through line 3 to an extractive distillation col 
umn 74 wherein they are extractively distilled in 

... the presence of a suitable solvent having prefer 
ential solvent power for the aromatic hydrocar 
bons. Suitable solvents comprise, for example, 
one or a mixture of the following: phenol, Cresylic 
acids, alkyl phenol mixtures, etc. Bottoms from 
column 74 comprising solvent and aromatic hy 
drocarbons are passed through line 75 to a distill 
lation column 76 wherein aromatic hydrocarbons 
comprising toluene are separated from the sol 
vent. Aromatic hydrocarbons comprising tolu 
ene are removed as overhead from Column T6 
through valved line 77 as a final product. The 
lean solvent is returned from column 76 to the 
upper part of column 4 by means of line T8. 
Overhead from column 4 comprising paraf 

finic C. hydrocarbons is passed through line T 9 
into fractionator 8. Thence the parafinic hy 
drocarbons are treated as described above at is0 
merizing conditions of progressively increased in 
tensity to obtain multi-branched paraffin hy 
drocarbons having seven carbon atoms to the 
molecule as the final product. Paraffin hydro 
carbons consisting essentially of normal and 
singly branched heptanes may be introduced into 
line 79 through valved line 8 to be converted, 
together with the products emanating from frac 
tionator 74, to multi-branched chain heptanes. 
Such parafinic hydrocarbon fractions may con 
stitute at least a substantial part or even the total 
hydrocarbon charge to the process. 
It has been found that the presence of minor 

amounts of aromatic hydrocarbons such as ben 
zene, toluene, etc., in the third Conversion ZOne 
has the ability to suppress decomposition of the 
branched chain paraffins. Addition in amounts 
of, for example, from about 1% to about 3% by 
weight of the charge to reactor 44 have been 
found suitable. Higher or lower concentrations 
may, however, be used. The aromatic hydrocar 
bons may be introduced into the system through 
line 56. When aromatics are obtained within the 
system as in the method illustrated in Figure II, 
a part of such aromatics may be passed through 
valved line 80 directly into line 4 carrying the 
charge to the third conversion zone. 
The process of the invention is preferably ex 

ecuted in the liquid phase. Pressures suficiently 
high to maintain at least a substantial part of 
the hydrocarbons being treated in the liquid 
phase are therefore maintained within the con 
version zones. 
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12 
The invention can be applied with particular 

advantage to the treatment of hydrocarbon mix 
tures predominating in parafilm and naphthene 
hydrocarbons having the same number of car 
bon atoms to the molecule, such as the fractions 
of relatively narrow boiling range readily ob 
tained by fractionation on a practical scale of 
naturally occurring naphthenic hydrocarbon 
mixtures, although it is to be pointed out that 
the invention is not necessarily limited thereto. 
Thus it is within the scope of the invention to 
treat naphthenic hydrocarbon fractions of rela 
tively wider boiling range such as, for example, 
a fraction comprising the paraffin and naphthene 
hydrocarbons of both six and seven carbon atoms 
to the molecule. The wider boiling fraction may 
be subjected to the first conversion step of the 
process and the resulting hydrocarbon mixture 
Subjected to a plurality of steps, not shown in 
the drawing, which may comprise one or more 
Such treatments as fractionation, solvent extrac 
tion, dehydrogenation, extractive distillation, 
etc., to effect the separation of naphthenes from 
theparaffins. Theresulting paraffinfractions may 
then be subjected separately or combined to the 
other conversion steps of the process for the pro 
duction of high octane paraffin fractions pre 
dominating in branched chain hydrocarbons. 
Olefins, aromatic hydrocarbons and impurities 
which are deleterious to catalyst life are prefer 
ably removed to at least a substantial degree from 
the charge by pretreatment which may comprise 
One or more Of Such steps as treatment with min 
eral acid, adsorbent clays, spent isomerization 
catalysts, etc. h 

For the purpose of clarity, all parts of appara 
tus not essential to a complete description of the 
invention such as, for example, pumps, con 
densers, accumulators, and the like, have been 
omitted from the drawing. It is to be under 
stood that the apparatus shown may be modified 
as apparent to One skilled in the art without de 
parting from the scope of the invention. Thus, 
for example, heaters 2, 24, 42 and 72 may consist 
of any Suitable indirect heat exchanging means, 
'fluid heaters comprising externally heated elon 
gated coils positioned in furnace structures, or 
the like. In practical operation of the process 
of the invention, the hydrocarbon streams with 
drawn from separators 4, 28 and 46 are prefer 
ably subjected to a fractionating step, by means 
not shown in the drawing, to remove entrained or 
dissolved catalyst components therefrom prior 
to their passage to any Subsequent part of the 
system. 
We claim as our invention: 
1. Process for the production of dimethylbul 

tane from hydrocarbon mixtures comprising nor 
mal hexane and methylcyclopentane which com 
prises contacting the hydrocarbon mixture with 
a partially spent aluminum chloride-containing 
isonerization catalyst of the molten salt type in 
a first conversion zone at a temperature not sub 
stantially in excess of about 80 C. in the presence 
of an added hydrogen halide promoter not sub 
stantially in excess of about 0.5 per cent by weight 
of the hydrocarbon charge, thereby effecting the 
conversion of methylcyclopentane to cyclohexane 
as the predominating reaction, separating naph 
thenes comprising cyclohexane from the effluence 
of the first conversion zone, contacting the re 
maining hydrocarbons comprising normal hexane 
with an aluminum chloride-containing isomeriza 
tion catalyst of the molten salt type in the pres 
ence of an added hydrogen halide promoter in 

t 
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a second conversion zone at a temperature in the 
range of from about 80 C. to about 90° C. and 
a correlated contact time of from about 5 to 
about 15 minutes so as to effect the Conversion 
of normal hexane to methylpentane with a mini 
mum formation of dimethylbutane, separating a 
hydrocarbon fraction predominating in methyl 
pentane from the effluence of the second conver 
sion zone, contacting said methylpentane frac 
tion in admixture with a hydrogen halide pro 
Emoter with an aluminum chloride-containing 

O) 

isomerization catalyst of the molten salt type in 
a third conversion zone at a temperature in the 
range of from about 80° C. to about 125° C. and 
a time of contact sufficiently long to effect the 
conversion of methylpentane to dimethylbutane 
as the predominant reaction, passing partially 
spent catalyst from the second and third con 
version zones to the first conversion Zone, and 
maintaining an increase in at least One of the 
isomerizing conditions of temperature, catalyst 
activity and time of contact in each of said 
conversion zones over that maintained in each 
preceding conversion zone, thereby maintaining 
isomerizing conditions of progressively increased 
intensity through said conversion zones. 

2. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffin 
hydrocarbons having at least six carbon atoms 
to the molecule and naphthene hydrocarbons of 
non-hydroaromatic structure having the same 
number of carbon atoms to the molecule which 
comprises contacting the hydrocarbon mixture 
with a partially spent aluminum chloride-con 
taining isomerization catalyst of the molten Salt 
type in a first conversion ZOne at a temperature 
not substantially in excess of about 80° C. in 
the presence of an added hydrogen halide pro 
moter not substantially in excess of about 0.5 
per cent by weight of the hydrocarbon charge, 
thereby effecting the conversion of naphthenes 
of non-hydroaromatic structure to naphthenes of 
hydroaromatic structure as the predominant re 
action, separating naphthenes comprising naph 
thenes of hydroaromatic structure from the ef 
fluence of the first conversion Zone, contacting 
the remaining hydrocarbons comprising straight 
chain paraffins with an aluminum chloride-con 
taining isomerization catalyst of the molten salt 
type in the presence of an added hydrogen halide 
promoter in a Second conversion zone at a tem 
perature in the range of from about 80° C. to 
about 90° C. and a correlated contact time of from 
about 5 to about 15 minutes so as to effect the 
conversion of straight chain paraffins to single 
branched paraffins with a minimum formation 
of multi-branched paraffins, separating a hydro 
carbon fraction predominating in single-branched 
paraffins from the effluence of the second con 
version zone, and contacting said fraction pre 
dominating in single-branched paraffins in ad 
mixture with a hydrogen halide promoter with 
an aluminum chloride-containing isomerization 
catalyst of the molten salt type in a third con 
version zone at a temperature in the range of 
from about 80 C. to about 125 C. and a time 
of contact sufficiently long to effect the conver 
sion of single-branched paraffins to multi 
branched paraffins as the predominant reaction, 
passing partially spent catalyst from the second 
and third conversion zones to the first conver 
sion Zone, and maintaining an increase in at 
least one of the isomerizing conditions of tem 
perature, catalyst activity and time of contact 
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in each of said conversion zones over that main 
tained in each preceding conversion zone, thereby 
maintaining isomerizing conditions of progres 
sively increased intensity through said conversion 
2OneS. 

3. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffin 
hydrocarbons having at least six carbon atoms to 
the molecule and naphthene hydrocarbons of 
non-hydroaromatic structure having the same 
number of Carbon atoms to the molecule, which 
comprises contacting the hydrocarbon mixture 
With a partially spent aluminum halide-contain 
ing isomerization catalyst of the molten salt type 
in a first conversion zone at a temperature not 
Substantially in excess of about 80° C. in the 
presence of an added hydrogen halide promoter, 
thereby effecting the conversion of naphthenes 
of non-hydroaromatic structure to naphthenes 
of hydroaromatic structure as the predominant 
reaction, separating naphthenes comprising 
naphthenes of hydroaromatic structure from the 
effluence of the first conversion zone, contacting 
the remaining hydrocarbons comprising straight 
chain paraffins with an aluminum halide-con 
taining isonerization catalyst of the molten salt 
type in the presence of a hydrogen halide pro 
moter in a second conversion zone at a tempera 
ture in the range of from about 80° C. to about 
90° C., limiting the time of contact of hydrocar 
bons and catalyst in the Second conversion zone 
SO as to effect the conversion of straight chain 
paraffins to single-branched paraffins with a 
minimum formation of multi-branched paraffins, 
Separating a fraction predominating in single 
branched paraffins from the effluence of the Sec 
ond conversion zone, contacting said fraction 
predominating in single-branched paraffins in 
admixture with a hydrogen halide promoter with 
an aluminum halide-containing isomerization 
catalyst of the molten salt type in a third con 
version Zone at a temperature in the range of 
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from about 80° C. to about 125° C. and a time 
of contact sufficiently long to effect the conver 
sion of single-branched paraffins to multi 
branched paraffins as the predominant reaction, 
passing partially spent catalyst from the second 
and third conversion zones to the first conversion 
Zone, and maintaining an increase in at least 
one of the isomerizing conditions of temperature, 
catalyst activity and time of contact in each of 
said conversion zones over that maintained in 
each preceding conversion zone, thereby main 
taining isomerizing conditions of progressively 
increased intensity.through said conversion zones. 

4. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffin 
hydrocarbons having at least six carbon atoms 
to the molecule and naphthene hydrocarbons of 
non-hydroaromatic structure having the same 
number of carbon atoms to the molecule, which 
Comprises contacting the hydrocarbon mixture 
with a partially spent aluminum halide-contain 
ing isomerization catalyst of the molten salt type 
in a first conversion Zone at a temperature not 
Substantially in excess of about 80° C. in the 
presence of an added hydrogen halide promoter, 
thereby effecting the conversion of naphthenes 
of non-hydroaromatic structure to naphthenes 
of hydroaromatic structure as the predominant 
reaction, separating naphthenes comprising 
naphthenes of hydroaromatic structure from the 
efluence of the first conversion zone, contacting 
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the remaining hydrocarbons comprising straight 
chain paraffins with an aluminum halide-con 
taining isomerization catalyst of the molten salt 
type in the presence of a hydrogen halide pro 
moter in a second conversion zone at a tempera 
ture in the range of from about 80° C. to about 
90° C., limiting the time of contact of hydrocar 
bons and catalyst in the Second conversion ZOne 
so as to effect the conversion of straight chain 
paraffins to single-branched paraffins with a min 
imum formation of multi-branched paraffins, 
separating a fraction predominating in single 
branched paraffins from the effluence of the Sec 
ond conversion zone, contacting said fraction 
predominating in single-blanched paraffins in 
admixture with a hydrogen halide promoter with 
an aluminum halide-containing isomerization 
catalyst of the molten salt type in a third con 
version zone at a temperature in the range of 
from about 80° C. to about 125° C. and a time 
of contact sufficiently long to effect the conver 
sion of single-branched paraffins to multi 
branched paraffins as the predominant reaction, 
passing partially spent catalyst from the second 
and third conversion zones to the first conversion 
zone, contacting spent catalyst drawn from the 
first conversion zone with at least a portion of 
the charge to the Second conversion Zone, and 
maintaining an increase in at least one of the 
isomerizing conditions of temperature, catalyst 
activity and time of contact in each of Said co 
version zones over that maintained in each pre 
ceding conversion zone, thereby maintaining 
isomerizing conditions of progressively increased 
intensity through said conversion zones. 

5. Process for the production of dimethylbul 
tane from hydrocarbon mixtures comprising nor 
mal hexane and methylcyclopentane, which com 
prises contacting the hydrocarbon mixture with 
an aluminum chloride-hydrocarbon complex cat 
alyst substantially free of free aluminum chloride 
in a first conversion Zone at a temperature of 
from about 60 C, to about 90° C. in the presence 
of an added hydrogen halide promoter not sub 
stantially in excess of about 0.5 per cent by weight 
of the hydrocarbon charge, thereby effecting the 
conversion of methylcyclopentane to cyclohexane 
as the predominating reaction, separating naph 
thenes comprising cyclohexane from the effluence 
of the first conversion zone, contacting the re 
maining hydrocarbons comprising normal hexane 
with an aluminum chloride-containing isomer 
ization catalyst of the molten salt type in the 
presence of a hydrogen halide promoter in a 
second conversion zone at a temperature in the 
range of from about 80° C. to about 90° C. and 
a correlated contact time of from about 5 to 
about 15 minutes So as to effect the conversion 
of normal hexane to methylpentane with a mini 
mum formation of dimethylbutane, separating a 
hydrocarbon fraction predominating in methyl 
pentane from the effluence of the second conver 
sion zone, contacting Said methylpentane frac 
tion in admixture with a hydrogen halide pro 
noter with an aluminum chloride-containing 
isomerization catalyst of the molten salt type in 
a third conversion zone at a temperature in the 
range of from about 80° C. to about 125° C. and 
a time of contact sufficiently long to effect the 
conversion of methylpentane to dimethylbutane 
as the predominating reaction, and maintaining 
an increase in at least one of the isomerizing 
conditions of temperature, catalyst activity and 
time of contact in each of Said Conversion zones 
Over that maintained in each preceding con 
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version Zone, thereby maintaining isomerizing 
Conditions of progressively increased intensity 
through said conversion zones. 

6. Process for the production of dimethylbu 
tane from hydrocarbon mixtures comprising nor 
mal hexane and methylcyclopentane, which com 
prises contacting the hydrocarbon mixture with 
an aluminum chloride-hydrocarbon complex cat 
alyst Substantially free of free aluminum chloride 
in a first conversion zone at a temperature of 
from about 60° C. to about 90° C. in the presence 
of an added hydrogen halide promoter not sub 
stantially in excess of about 0.5 per cent by 
weight of the hydrocarbon charge, thereby ef 
fecting the conversion of methylcyclopentane to 
cyclohexane as the predominating reaction, sep 
arating naphthenes comprising cyclohexane from 
the effluence of the first conversion zone, contact 
ing the remaining hydrocarbons comprising nor 
mal hexane with an aluminum chloride-contain 
ing isomerization catalyst of the molten salt type 
in the presence of a hydrogen halide promoter 
in a Second conversion Zone at a temperature in 
the range of from about 80° C. to about 90° C., 
limiting the time of contact of hydrocarbons and 
catalyst in the second conversion zone so as to 
effect the conversion of normal hexane to methyl 
pentane with a minimum formation of dimethyl 
butane, separating a fraction predominating in 
methylpentane from the effluence of the second 
Conversion ZOne, contacting said fraction com 
prising methylpentane in admixture with a hy 
drogen halide promoter with an aluminum chlo 
ride-containing isomerization catalyst of the mol 
ten Salt type in a third conversion Zone at a 
temperature in the range of from about 80 C. 
to about 125° C. and a time of contact sufficiently 
long to effect the conversion of methylpentane 
to dimethylbutane as the predominating reaction, 
and maintaining an increase in at least one of 
the isomerizing conditions of temperature, cata 
lyst activity and time of contact in each of said 
conversion zones over that maintained in each 
preceding conversion zone, thereby maintaining 
isomerizing conditions of progressively increased 
intensity through said conversion zones. 

7. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffins 
having at least six carbon atoms to the molecule 
and naphthene hydrocarbons of non-hydroaro 
matic structure having the same number of car 
bon atoms to the molecule, which comprises con 
tacting the hydrocarbon mixture with an alumi 
num halide-hydrocarbon complex catalyst sub 
stantially free of free aluminum halide in a first 
conversion Zone at a temperature of from about 
50° C. to about 100° C. in the presence of a 
hydrogen halide promoter, thereby effecting the 
conversion of naphthenes of non-hydroaromatic 
structure to naphthenes of hydroaromatic struc 
ture as the predominant reaction, separating 
naphthenes comprising naphthenes of hydroaro 
matic structure from the effluence of the first 
conversion Zone, contacting the remaining hy 
drocarbons comprising straight chain paraffins 
With an aluminum halide-containing isomeriza 
tion catalyst of the molten salt type in the pres 
ence of a hydrogen halide promoter in a second 
conversion Zone at a temperature in the range 
of from about 80° C. to about 90° C., limiting the 
time of contact of hydrocarbons and catalyst in 
the Second COnversion Zone SO as to effect the 
conversion of straight chain paraffins to single 
branched paraffins with a minimum formation 
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of multi-branched paraffins, separating a fraction 
predominating in single-branched paraffins from 
the effluence of the second conversion zone, con 
tacting said fraction predominating in single 
branched paraffins in admixture with a hydrogen 
halide promoter with an aluminum halide-con 
taining isomerization catalyst of the molten salt 
type in a third conversion zone at a temperature 
in the range of from about 80° C. to about 125° 
C. and a time of contact sufficiently long to effect 
the conversion of single-branched paraffins to 
multi-branched paraffins as the predominant re 
action, and maintaining an increase in at least 
One of the isomerizing conditions of temperature, 
catalyst activity and time Of contact in each of 
said conversion zones over that maintained in 
each preceding conversion ZOne, thereby main 
taining isomerizing conditions of progressively 
increased intensity through said conversion ZOnes. 

8. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffins 
having at least six carbon atoms to the molecule 
and naphthene hydrocarbons of non-hydroaro 
matic structure having the same number. Of car 
bon atoms to the molecule, which comprises con 
tacting the hydrocarbon mixture with an alu 
minum halide-hydrocarbon complex catalyst 
substantially free of free aluminum halide in a 
first conversion zone at a temperature of from 
about 50° C. to about 100° C. in the presence 
of a hydrogen halide promoter not substantially 
in excess of about 0.5 per cent by weight of the 
hydrocarbon charge, thereby effecting the con 
version of . naphthenes Of non-hydroaromatic 
structure to hydrocarbons of hydroaromatic 

- structure as the predominant reaction, separating 
naphthenes comprising naphthenes of hydroaro 
matic structure from the effluence of the first 
conversion Zone, contacting the remaining hy 

" drocarbons comprising straight chain paraffins 
with an aluminum halide-containing isomeriza 
tion catalyst of the molten salt type in the pres 
ence of a hydrogen halide promoter in a second 
conversion zone at a paraffin isomerizing tem 
perature below about 90°C., limiting the time of 
contact of hydrocarbons and catalyst in the sec 
Ond conversion zone to effect the conversion of 
straight chain paraffins to single-branched par 
affins with a minimum formation of multi 
branched paraffins, separating a hydrocarbon 
fraction predominating in multi-branched par 
affins from the effluence of the Second reaction 
ZOne, contacting said fraction comprising multi 
branched hydrocarbons in admixture with a hy 
drogen halide promoter with an aluminum hal 
ide-containing isomerization catalyst of the mol 
ten salt type in a third conversion zone at a 
temperature in the range of from about 80° C. 
to about 125° C. and a time of contact sufficiently 
long to effect the conversion of single-branched 
paraffins to multi-branched paraffins as the pre 
dominant reaction, and maintaining an increase 
in at least one of the isomerizing conditions of 
temperature, catalyst activity and time of contact 
in each of Said conversion Zones Over that main 
tained in each preceding conversion zone, thereby 
maintaining isomerizing conditions of progres 
sively increased intensity through said conversion 
2OneS. 

9. Process for the production of dimethylbul 
tane from hydrocarbon mixtures Comprising nor 
mal hexane and methylcyclopentane which com 
prises contacting the hydrocarbon mixture with 
an aluminum halide-hydrocarbon complex cata 
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18 
lyst substantially free of free aluminum halide 
in a first conversion zone under sufficiently mild 
isomerization conditions to effect the conversion 
of methylcyclopentane to cyclohexane as the pre 
dominating reaction, separating naphthenes 
comprising cyclohexane from the hydrocarbon 
mixture after the mild isomerization treatment, 
contacting the remaining hydrocarbons compris 
ing normal hexane in admixture with a hydrogen 
halide promoter with an aluminum halide-con 
taining isomerization catalyst of the molten salt 
type in a second conversion zone at a paraffin 
isomerizing temperature below about 90° C., lim 
iting the time of contact of hydrocarbons with 
the catalyst in the second conversion zone to 
effect the conversion of normal hexane to methyl 
pentane with a minimum formation of dimethyl 
butane, separating a fraction predominating in 
methylpentane from the effluence of the second 
conversion Zone, contacting said fraction com 
prising methylpentane in admixture with hydro 
gen halide with an aluminum halide-containing 
isomerization catalyst of the molten salt type in 
a third conversion zone at a temperature in the 
range of from about 80° C. to about 125° C. 
and a time of contact sufficiently long to effect 
the conversion of methylpentane to dimethylbu 
tane as the predominant reaction, and maintain 
ing an increase in at least one of the isomerizing 
conditions of temperature, catalyst activity and 
time of contact in each of said conversion zones 
over that maintained in each preceding conver 
sion Zone, thereby maintaining isomerizing con 
ditions of progressively increased intensity 
through said conversion zones. 

10. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bone mixtures comprising straight chain para 
fins having at least six carbon atoms to the 
molecule and naphthene hydrocarbons of non 
hydroaromatic structure having the same number 
of carbon atoms to the molecule, which comprises 
contacting the hydrocarbon mixture with a mild 
isomerization catalyst comprising an aluminum 
halide in a first conversion zone under sufficiently 
mild isomerization conditions to effect the con 
version of naphthenes of non-hydroaromatic 
structure to naphthenes of hydroaromatic struc 
ture as the predominant reaction, separating 
naphthenes comprising naphthenes of hydroaro 
matic structure from the effluence of the first 
conversion Zone, contacting the remaining hydro 
carbons comprising straight chain paraffins with 
a more active aluminum halide-containing isom 
erization catalyst in the presence of a hydrogen 
halide promoter in a second conversion zone at 
a paraffin isomerization temperature not sub 
stantially in excess of about 90° C., limiting the 
time of contact of hydrocarbons and catalyst in 
the Second conversion zone so as to effect the 
conversion of straight chain paraffins to single 
branched chain paraffins with a minimum forma 
tion of multi-branched chain paraffins, separat 
ing a fraction predominating in single-branched 
paraffins from the effluence of the second con 
version zone, contacting said fraction comprising 
single-branched paraffins in admixture with a 
hydrogen halide promoter with a separate portion 
of Said more active aluminum halide-containing 
isomerization catalyst in a third conversion zone 
at a temperature of from about 80° C. to about 
125 C. and a time of contact sufficiently long 
to effect the conversion of single-branched par 
affins to multi-branched paraffins as the predom 
inant reaction, and maintaining an increase in 
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at least. One of the isomerizing conditions of 
temperature, catalyst activity and time of con 
tact in each of Said Conversion Zones. Over that 
maintained in each preceding conversion zone, 
thereby maintaining isomerizing conditions of 
progressively increased intensity through said 
conversion ZOnes. 

11. Process for the production of multi 
branched paraffin hydrocarbons from hydrocar 
bon mixtures comprising straight chain paraffins 
having at least six carbon atoms to the molecule 
and naphthene hydrocarbons of non-hydroaro 
matic structure having the same number of car 
bon atoms to the molecule, which comprises Con 
tacting the hydrocarbon mixture with a mild 
isomerization catalyst comprising aluminum hal 
ide in a first conversion Zone under sufficiently 
mild isomerization conditions to effect the con 
version of Inaphthenes of non-hydroaromatic 
structure to naphthenes of hydroaromatic struc 
ture as the predominating reaction, separating 
naphthenes comprising naphthenes of hydroaro 
matic structure from the effluence of the first 
conversion zone, contacting the remaining hydro 
carbons comprising straight chain paraffins with 
a more active aluminum halide-containing isom 
erization catalyst in a second conversion Zone 
under paraffin isomerizing conditions, limiting 
the time of contact of hydrocarbons and catalyst 
in the second conversion zone to effect the con 
version of straight chain paraffins to single 
branched paraffins with a minimum formation 
of multi-branched paraffins, Separating a fraction 
predominating in single-branched paraffins from 
the effluence of the Second conversion Zone, con 
tacting said fraction comprising single-branched 
paraffins with a separate portion of Said more 
active isomerization catalyst under paraffin isom 
erizing conditions in a third conversion Zone, 
maintaining a time of contact in Said third Con 
version zone sufficiently long to effect the con 
version of single-branched paraffins to multi 
branched paraffins as the predominant reaction, 
and maintaining an increase in at least one of 
the isomerizing conditions of temperature, cata 
lyst activity and time of contact in each of Said 
conversion zones over that maintained in each 
preceding conversion Zone, thereby maintaining 
isomerizing conditions of progressively increased 
intensity through said conversion ZOnes. 

12. Process for the production of dimethylbul 
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tane from saturated hydrocarbons comprising 
normal hexane which comprises contacting said 
hydrocarbons in admixture with a hydrogen hal 
ide promoter in a first conversion Zone with an 
isomerization catalyst comprising an aluminum 
halide at a temperature in the range of from 
about 80 C. to about 90° C. and a correlated. 
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contact time of from 5 to about 15 minutes so 
as to effect the conversion of normal hexane to 
methylpentane with a minimum formation of 
dimethylbutane, separating a hydrocarbon frac 
tion predominating in methylpentane from the 
effluence of the first conversion zone, contacting 
said methylpentane fraction in admixture with 
a hydrogen halide promoter with an isomeriza 
tion catalyst comprising an aluminum halide in 
a second conversion zone at a temperature in the 
range of from about 80° C. to about 125° C. and 
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a time of contact sufficiently long to effect the 
conversion of methylpentane to dimethylbutane 
as the predominant reaction, and maintaining an 
increase in at least one of the isomerizing con 
ditions of temperature, catalyst activity and time 
of contact in Said second conversion zone over 
that maintained in the first conversion zone, thereby maintaining isomerizing conditions of 
progressively increased intensity through, said 
Conversion Zones. 

13. Process for the production of multi 
branched paraffin hydrocarbons from saturated 
hydrocarbons comprising straight chain paraffins 
having at least six carbon atoms to the molecule 
which comprises contacting said hydrocarbons in 
admixture with a promoter affording a hydrogen 
halide in a first conversion Zone with an isom 
erization catalyst comprising an aluminum halide 
at a paraffin isomerizing temperature below about 
90° C. and a correlated contact time of from 
about 5 to about 15 minutes so as to effect the 
conversion of straight chain paraffins to single 
branched paraffins with a minimum formation 
of multi-branched paraffins, separating a hydro 
carbon fraction predominating in single 
branched paraffins from the effluence of the first 
conversion Zone, contacting said fraction pre 
dominating in Single-branched paraffins in ad 
mixture with a promoter affording a hydrogen 
halide with an isomerization catalyst comprising 
an aluminum halide in a second conversion zone 
at a temperature in the range of from about 80° 
C. to about 125 C. and a time of contact suffi 
ciently long to effect the conversion of single 
branched paraffins to multi-branched paraffins 
as the predominant reaction, and maintaining an 
increase in at least One of the isomerizing con 
ditions of temperature, catalyst activity and time 
of contact in Said Second conversion zone over 
that maintained in the first conversion zone, 
thereby maintaining isomerizing conditions of 
progressively increased intensity through said 
conversion 20rles. 
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