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Francisco, Calif., a corporation of Delaware 
Application May 16, 1942, Serial No. 443,269 

9 Claims. 

This invention relates to the production of high 
Octane paraffin hydrocarbon fractions from hy 
drocarbon mixtures comprising paraffin and 
naphthene hydrocarbons. The invention relates 
more particularly to the production of branched 
or more highly branched paraffin hydrocarbons 
from hydrocarbon mixtures comprising straight 
or less branched chain paraffin hydrocarbons in 
admixture with naphthene hydrocarbons having 
the same number of carbon atoms to the molecule. 

In view of the great demand for branched chain 
paraffin hydrocarbons, valuable as components 
of high octane motor fuels as well as starting 
materials for the production of many organic 
compounds containing tertiary carbon atoms, 
much effort has been expended in attempts to 
provide practical methods for the conversion of 
the readily available straight chain paraffin hy 
drocarbons to their branched chain isomers, 
ProceSSes have been disclosed heretofore for the 
conversion of substantially pure straight chain 
paraffin hydrocarbons, particularly butane and 
pentane, to their respective branched chain iso 
merS. The application of these processes to the 
large Scale conversion of paraffin hydrocarbons 
having at least six carbon atoms to the molecule 
to their respective branched chain isomers is, 
however, rendered highly impractical due to the 
difficulty of obtaining these hydrocarbons in suff 
ciently pure form from many of the available 
Sources such as petroleum, natural gasoline, prod 
lucts of thermal and catalytic hydrocarbon treat 
ments, etc. As is well known, the narrow boiling 
hydrocarbon fractions predominating in normally 
liquid hydrocarbons having the same number of 
carbon atoms to the molecule such as, for exam 
ple, straight run hexane or heptane fractions, 
often comprise other hydrocarbons besides the 
paraffins, particularly naphthene hydrocarbons 
which, because of the proximity of their boiling 
points to those of the paraffins of equal number 
of carbon atoms, cannot be readily separated 
therefrom by practical fractionating methods. 

It has been found that critical amounts of cer 
tain naphthenic hydrocarbons have the ability to 
SuppreSS the degradation of paraffin hydrocar 

(C. 260-666) 

O 

15 

20 

25 

30 

35 

40 

45 

bons in the presence of aluminum chloride cata 
lysts. The presence of the naphthenic hydrocar 
bons, however, particularly in the proportions 
generally found in straight run hydrocarbon dis 50 

2 
tillates obtainable from natural sources, renders 
the straightforward isomerization of these frac 
tions, in accordance with methods disclosed 
heretofore, impractical. Laboratory experiments 
have shown, for example, that the straightfor 
Ward isomerization of such fractions with allula 
minum chloride catalysts in the absence of any 
Substantial amount of cracking generally results 
in but slight improvement in the Octane rating 
of the treated mixture. It has further been 
found that substantial increase in active catalyst 
life can be obtained at the most favorable paraffin 
isomerization conditions when the naphthenes , 
are removed to at least a substantial degree from 
the charge. 
As stated above, the separation of the naph 

thenes from narrow boiling hydrocarbon frac 
tions by such means as fractionation is generally 
impractical. Their elimination by subjecting the 
entire charge to an initial dehydrogenation treat 
ment to convert them to aromatics is also imprac 
tical, since the dehydrogenating catalysts gen 
erally utilized heretofore such as, for example, 
chromium oxide on alumina, fail to convert the 
non-hydroaromatic naphthene hydrocarbons, 
which often comprise at least about one-half of 
the naphthenes in straight run naphthenic hy 
drocarbon fractions. A further disadvantage of 
first subjecting the entire charge to such dehy 
drogenating catalysts is the loss sustained due to 
the conversion of substantial amounts of the non 
hydroaromatic naphthene hydrocarbons to un 
desired products as a result of side reactions 
which may comprise polymerization and degrada 
tion. It is essential to economical operation of 
any process treating such fractions that the 
naphthenes be recovered; and it is often desirable 
to recover them as Substantially pure hydroaro 
matic naphthene or aromatic hydrocarbon frac 
tions. By the term "hydroaromatic naphthenes' 
as used throughout this specification and claims 
is meant the naphthene hydrocarbons having a 
hexamethylene ring, such as Cyclohexane and its 
alkyl derivatives, to distinguish them from the 
non-hydroaromatic naphthene hydrocarbons 
such as those comprising pentamethylene rings, 
for example, methyl cyclopentane and dimethyl 
cyclopentane. 

It has been found that the reaction rates and 
response of naphthene and paraffin hydrocarbons 
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to changes in isomerization conditions vary 
greatly, thereby rendering the recovery of naph 
thenes as substantially pure non-hydroaromatic 
or aromatic hydrocarbon fractions difficult if not 
impossible in the isomerization of naphthenic 
fractions by processes disclosed heretofore. This 
discovery makes it possible to effect the isomer 
ization of paraffin hydrocarbons in admixture 
with naphthene hydrocarbons, not only with im 
proved efficiency, but with recovery of the naph 
thene hydrocarbons as substantially pure hydro 
aromatic or aromatic hydrocarbon fractions, 
An object of the present invention is to pro 

vide an improved process for the more efficient 
production of high octane paraffin hydrocarbon 
fractions from hydrocarbon mixtures comprising 
paraffin and naphthene hydrocarbons such as 
naphthenic petroleum fractions. 
Another object of the present invention is to 

provide an improved process for the more eff 
client production of branched or more highly 
branched chain paraffin hydrocarbons from hy 
drocarbon fractions comprising straight chain or 
less branched chain paraffin hydrocarbons in ad 
mixture with naphthene hydrocarbons of the 
same number of carbon atoms to the molecule. 

Still another object of the invention is to pro 
vide an improved process for the more efficient 
production of branched or more highly branched 
chain paraffin hydrocarbons from hydrocarbon 
fractions comprising straight chain or less 
branched chain hydrocarbons in admixture with 
naphthene hydrocarbons, with simultaneous re 
covery of at least a Substantial part of the 
naphthenes as hydroaromatic or aromatic hydro 
carbons. Other objects and advantages of the 
invention will become apparent from the follow 
ing detailed description thereof. 
In accordance with the process of the inven 

tion a normally liquid hydrocarbon fraction COm 
prising straight chain paraffin hydrocarbons in 
admixture with naphthene hydrocarbons such as, 
for example, a naphthenic hexane or heptane 
fraction obtained by the fractionation of natural 
gasoline, petroleum, or a distillate refinery prod 
uct, is subjected to mild isomerization condi 
tions in a first conversion zone effective to con 
vert non-hydroaromatic naphthenes to hydro 
aromatic naphthenes as the predominant reac 
tion. Preferential isomerization of the naph 
thenes in the first conversion Zone is obtained 
by the maintenance therein of conditions com 
prising the use of an isomerization catalyst of 
mild activity and/or only moderately elevated 
temperatures, as is described more fully below. 
The resulting hydroaromatic hydrocarbons, to 
gether with those originally present in the charge, 
are removed from the reaction product from 
the first conversion Zone by Suitable means which 
may comprise, for example, fractionation, de 
hydrogenation, hydro-forming, solvent extrac 
tion, extractive distillation, or the like. The re 
maining hydrocarbons are subjected to more 
severe isomerization conditions more favorable 
to the conversion of straight chain or branched 
chain paraffin hydrocarbons to branched or more 
highly branched chain paraffin hydrocarbons. 
In , order that the invention may be more 

readily understood, it will be described herein 
with reference to the attached drawings form 
ing a part of this specification and wherein: 

Figure I illustrates more or less diagram 
matically one form of apparatus suitable for 
the treatment of hydrocarbon mixtures Compris 
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4. 
ing parafin and naphthene hydrocarbons having 
six carbon atoms to the molecule. 

Figure II illustrates more or less diagram 
matically a modified form of apparatus suitable 
for the treatment of hydrocarbon mixtures com 
prising paraffin and naphthene hydrocarbons 
having more than six carbon atoms to the mole 
cule, wherein all parts of apparatus which are 
the same as those shown in Figure I are indi 
cated with like reference numbers. 
A mixture of Saturated hydrocarbons consist 

ing essentially of paraffins and cycloparaffins of 
non-hydroaromatic and hydroaromatic structure 
having the same number of carbon atoms to the 
molecule Such as, for example, a hexane fraction 
Comprising normal hexane, methyl cyclopentane 
and cyclohexane, as obtained by fractionation of 
a naphthenic straight run gasoline, is drawn from 
an Outside Source and forced through valved 
line O and heater into a first reaction zone, 
The reaction zone may comprise, for example, 
a reactor 2 provided - with suitable stirring 
means. It may at times be advantageous to 
subject the charge to a fractionation prior to its 
entry into reactor 2. Thus, when treating a 
naphthenic hexane fraction boiling, for example, 
within the range of from about 45° C. to about 
85° C., comprising Substantial amounts of methyl 
pentanes and/or cyclohexane, all or part of the 
charge may be passed through valved line 3 
into a feed fractionating ZOne represented in the 
drawing by the single fractionator 4. Within 
fractionator f4 the charge may be fractionated 
to separate a light fraction boiling, for example, 
below about 64° C. and comprising substantial 
amounts of methyl pentanes. If desired, a 
heavier fraction predominating in cyclohexane 
and boiling, for example, above about 79° C. may 
be withdrawn as a bottom fraction, while the 
remaining part of the charge comprising normal 
hexane and methyl cyclopentane is withdrawn as 
a side stream and passed through valved line 
Oa into line O leading into reactor 2. 
Within reactor 2 the hydrocarbon stream is 

subjected to mild catalytic isomerization condi 
tions. Suitable conditions are obtained by the 
use of a mild isomerization Catalyst and COn 
trolling the temperature, time of contact and 
catalyst to hydrocarbon ratio effective to con 
vert the non-hydroaromatic naphthenes compris 
ing methyl cyclopentane to hydroaromatic naph 
thenes comprising cyclohexane as the predomi 
nating reaction. Suitable mild isomerization 
catalysts comprise catalysts of the aluminum 
halide-hydrocarbon complex type, such as the 
complex formed by the reaction of aluminum 
chloride with an aromatic hydrocarbon, for ex 
ample, toluene. It is to be noted that the com 
plex catalyst as used in the reactor 2 contains 
no more aluminum halide than that in molecu 
lar combination with the hydrocarbon component 
of the catalyst and as such is devoid of any 
substantial amount of free aluminum halide. It 
has been found that the hydrocarbon-aluminum 
halide complex compound itself does not possess 
any appreciable ability to catalyze the isomeriza 
tion of paraffin hydrocarbons and that Substan 
tial parafin isomerization is obtained only by the 
suspension of free aluminum halide therein. 
With the use of this catalyst, free of any sub 
stantial amounts of free aluminum halide, tem 
peratures in the range of from about 50 C. to 
about 100° C. and preferably from about 60° C. 
to about 90° C. with a contact time not exceeding 
the period of time required to obtain equilibrium 
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naphthene conversion, have been found suitable. 
Hydrogen halide promoters are preferably present 
in only exceedingly Small amounts, for example, 
in quantities not exceeding about 0.5 per cent 
of the charge to reactor 2. 
The preferential isomerization of non-hydro 

aromatic naphthenes contained in a naphthenic 
hexane fraction to hydroaromatic naphthenes 
in accordance with the process of the invention 
is shown by the following example: 

Eacample I 
Anaphthenic hexane fraction obtained by frac 

tionation of a naphthenic straight run gasoline 
and having the following composition: 

Per cent 
Benzene --------------------------------- 5 
Methyl cyclopentane---------------------- 52 
Paraffins predominating in normal hexane-- 43 
was treated with an AlCl3-toluene complex cata 
lyst at 65° C. with a catalyst to hydrocarbon ratio 
of 1:2. Sixty per cent of the methyl cyclopentane 
was converted to cyclohexane whereas the Con 
version of paraffins to isoparaffins did not exceed 5 per cent. 

Reaction products comprising normal hexane, 
cyclohexane, isohexanes originally present in the 
feed or formed in the process, and entrained cata 
lyst are passed from reactor 2 through line 6 
to a separator 7, wherein entrained catalyst is 
separated. Separated catalyst is withdrawn from 
separator 7 and returned to the reactor 2 
through valved lines 8 and 9. Fresh catalyst is 
introduced into line 9 by means of valved line 20. 
The hydrocarbons are passed from separator 7 
through line 2 into a fractionator 22. 
Within fractionator 22 a lighter fraction com 

prising the hydrogen halide promoter is separated 
and passed therefrom through valved line 23 into 
line 0. Hydrogen halide promoter, when needed, 
may be introduced into the system from an out 
side source by means of valved line 24 leading into 
line 23. If desired, a light hydrocarbon fraction 

0. 

5 

6 
The lighter fraction separated in fractionator 

26 comprising normal hexane is passed through 
a valved line 28 and heater 29 into a second con 
version zone. The Second Conversion zone may 
comprise, for example, a reactor 30 provided with 
suitable stirring means. Although but One such 
reactor is shown in the drawing, it is to be under 
stood that a plurality of reactors connected in 
series or in parallel may be used. Within reactor 
30 the hydrocarbon stream is subjected to more 
severe isomerization conditions than those main 
tained in reactor 2, in order to effect the con 
version of straight chain or branched chain par 
affin hydrocarbons to branched and more highly 
branched paraffin hydrocarbons. The more se 
were isomerization conditions are obtained by the 
use of a more active isomerization catalyst and/or 
a higher temperature, longer contact time and a 

20 

30 

40 

comprising normal hexane and unconverted 
methyl cyclopentane may be separated in frac 
tionator 22 and recycled with the promoter 
throughline 23 to reactor 2. 
Although but one converter is shown in the 

drawing as constituting the naphthene isomeriz 
ing zone, it is to be understood that a plurality 
of such converters may be used and fractionation 
be resorted to between the individual converters 
to effect the removal of fractions predominating 
in normal hexane and cyclohexane which are to 
be further processed in accordance with the in 

50 

55 
vention as described below. It is readily ap 
parent that by such recycling and, if desired, the 
use of a plurality of converters, substantially all 
" of the non-hydroaromatic naphthenes in the 
charge can be converted to hydroaromatic hydro 
carbons. 
A liquid fraction comprising normal hexane and 

cyclohexane is withdrawn from the lower part of 
fractionator 22 and passed through line 25 into a 
fractionator 26. When the charge is Subjected to 
a preliminary fractionation in feed fractionator 

as described above, the bottoms therefrom com 
prising normal hexane and cyclohexane may be 
passed through line 6 into line 25. Within frac 
tionator 26 a lighter fraction comprising normal 
hexane is separated from a heavier fraction con 
sisting essentially of cyclohexane. The latter 
fraction is withdrawn from fractionator 26 
through valved line 27 and eliminated from the System as a final product. 

60 

greater catalyst to hydrocarbon ratio. Suitable 
more active isomerization catalysts comprise cat 
alysts of the molten salt type such as, for ex 
ample, a molten salt mixture comprising alumi 
num chloride dissolved in antimony trichloride. 
Although a fluid melt comprising aluminum chlo 
ride and antimony trichloride has been chosen 
as a Suitable more active isomerization catalyst, 
it is to be understood that other catalysts of high 
isOmerization activity may be used, such as molten 
Salt mixtures comprising an excess of aluminum 
chloride and/or aluminum bromide and the halide 
of at least one or more alkali metals, for example, 
AlCl3-NaCl-KCl, AlCl3-NaCl-ZnCl2, or a melt 
comprising AlCl3, SO2 and ZnCl2, etc. The tem 
perature to be maintained within reactor 30 will 
vary with the nature of the particular catalysts 
used. When using catalysts of the molten salt 
type, temperatures of from about 80° C. to about 
125° C., preferably from about 85° C. to about 
100° C., have been found suitable. The paraffin 
conversion step is effected in the presence of a 
hydrogen halide promoter. The promoter, for 
example, hydrogen chloride, is introduced into re 
actor 30 in an amount ranging from about 0.5 
per cent to about 10 per cent of the hydrocarbons 
charged to this conversion Zone. 
The advantage of the removal of the naph 

thenes from the charge to the second conversion 
Zone is illustrated by the following examples 
showing the effect of increase in naphthene con 
Centration upon catalyst life and the octane rat 
ing Of the resulting product. 

Eacample II 
Mixtures of normal hexane and increased 

amounts of methyl cyclopentane were treated at 
a temperature of about 85 C, with a fluid cata 
lyst melt consisting of 92.5 per cent by weight of 
SbCl3 and 7.5 per cent by weight of AlCl3. The 
contact time was approximately 30 minutes and 
the ratio of catalyst to hydrocarbon charge about 
1:5 by volume. Hydrogen chloride was added to 
the charge in the amount of 4 per cent by Weight 
Of the hydrocarbon feed. The increase in octane 
number of the product over that of the feeds is 
given in the following table: 

Octane 
number 

increase of 
product 

Weight per cent methyl cyclopentane in feed 
70 

58 
52 
45 
25 
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Eacarpe II 
Mixtures of normal hexane and methyl cyclo 

pentane were treated under the conditions of 
Example II. The life of the catalyst in terms of 
pounds of dimethyl butane produced per pound 
of aluminum chloride in the catalyst is shown in 
column A of the following table. The figures in 
column B show the length of catalyst life in terms 
of per cent of normal hexane converted to di 
methylbutane at a yield of 80 pounds of isoner 
izate per pound of AlCls in the catalyst. 

Weight per cent methyl cyclopentane in feed 

0 

The above examples, which demonstrate the 
deleterious effect of the naphthenes upon catalyst 
life and the octane rating of the hydrocarbon 
product, clearly show the advantages obtained by 
the removal of at least a substantial amount of 
the naphthenes from the charge to the paraffin 
isomerizing ZOne. 

Reaction products comprising methyl pentane, 
dimethyl butane, some unconverted normal hex 
ane, hydrogen chloride and entrained catalyst 
are passed from reactor 30 through line 32 into 
separator 33 wherein separation of the entrained 
catalyst is effected. Separated catalyst is with 
drawn from separator 33 and passed through 
valved lines 34 and 35 into reactor 30. Fresh 
catalyst is introduced into line 35 from an out 
side source by means of valved line 3. Hydro 
carbons and hydrogen chloride are passed from 
separator 33 through line 36 into a fractionator 
37. Within fractionator 37 a lighter fraction 
comprising hydrogen chloride is separated and 
recycled through line 38 to line 28. Make-up 
hydrogen chloride is introduced into line 38 
through valved line 39. A valved line 40 leading 
into line 38 is provided for the introduction of 
hydrogen, isobutane, or any other suitable par 
affin degradation suppressor or gaseous diluent 
into the system. : A liquid hydrocarbon fraction comprising iso 
hexanes and normal hexane is withdrawn from 
the lower part of fractionator 37 and passed 
through line 42 into a final fractionator 43. 
Within fractionator 43 a lighter fraction Com 
prising methyl pentanes and substantial amounts 
of the highly desirable dimethylbutane, is sepa 
rated as a vapor fraction and eliminated from 
the system as a final product through valved line 
44. A liquid fraction comprising normal hexane 
is withdrawn from the lower part of fractionator 
3 and eliminated from the system through valved 

line 45. A part or all of the hydrocarbons pass 
ing through line 45 may be passed through valved 
line 46 into line 29 leading into reactor 30, 
The process of the invention is preferably exe 

cuted in the liquid phase. Pressures sufficiently 
high to maintain at least a substantial part of 
the hydrocarbons being treated in the liquid 
phase are therefore maintained within reactors 
2 and 30. 
Although the invention has been described with 

the use of a mild isomerization catalyst of the 
AlCl3-hydrocarbon complex type in the first con 
version zone, it is to be pointed out that the in 
vention is in no wise limited to the use of this 
particular catalyst. It has been found, for ex 
ample, that a catalyst of the molten salt type 
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s417,000 
which is spent to a degree where it no longer 
possesses the ability to isomerize parafin hydro 
carbons is still able to effectively isomerize naphs 
thene hydrocarbons. Thus, a molten salt catalyst 
comprising aluminum chloride dissolved in anti 
mony trichloride which had been used in the 
isomerization of a hexane fraction until it had 
lost substantially all of its ability to isomerize 
paraffins, when used to treat a hexane fraction 
comprising 81.5% normal hexane and 18.5% 
methyl cyclopentane still enabled the attainment 
of equilibrium conversions of the methyl cyclo 
pentane to cyclohexane. In a preferred modif 
cation of the process of the invention the par 
tially spent molten salt catalyst from the more 
Severe paraffin isomerization step is used as the 
catalyst for the first or milder isomerization step. 
In accordance with this mode of operation, at 
least a part of the spent Catalyst eliminated from 
reactor 30 through valved line 34 is passed 
through line 49 into line 9 leading to reactor 2. 
When utilizing a molten salt catalyst of reduced 
activity in reactor 2 a temperature, for example, 
below about 80 C., and a ratio of catalyst to 
hydrocarbon in the approximate range of from 
about 1:5 to about 1:10 have been found to be 
suitable. As stated above, hydrogen halide pro 
moters should be used in only exceedingly Small 
amounts, for example, not in excess of about 0.5 
per cent by weight of the hydrocarbon charge to 
reactor 2. 
After a period of time which will vary with the 

amount of nonhydroaromatic naphthenes in the 
charge, the molten Salt catalyst will lose its ac- . 
tivity even for the isomerization of naphthene 
hydrocarbons. A part of the molten Salt catalyst 
eliminated from separator through line 8 is 
therefore continuously passed through valved line 
50 into the upper part of an extraction column 
5. Within extractor 5 the spent catalyst is 
Scrubbed with a part or all of the paraffin hydro 
carbon charge to reactor 30. A valved line 52 
provided with heat exchanger 53 is provided, 
leading from line 28 to an intermediate part of 
extractor 5. Within extractor 51 the more solu 
ble components of the spent catalyst, which in 
this illustrative example of the invention will 
comprise antimony trichloride, is dissolved in the 
hydrocarbon stream and passed therewith 
through valved lines 54 and 28 into reactor 30. 
Spent Catalyst consisting of a Carbonaceous alu 
minum chloride sludge is eliminated from the 
lower part of extractor 5 through valved line 
55. The temperature to be maintained within 
scrubber 5 will vary in accordance with the 
nature of the spent catalyst introduced into the 
extractor. A temperature of from about 80° C. 
to about 90° C. has been found to be suitable. 
The temperature is maintained therein by pass 
ing a suitable indirect heat exchange medium, 
which may comprise one of the available streams 
of the process, through heat exchanger 53. 
This modification of the invention utilizing the 

flow of the molten salt catalyst consecutively 
through the more severe and mild isomerizing 
Zones and thereafter through the catalyst scrub 
ber results in a highly efficient operation, realiz 
ing Substantial Saving in catalyst cost, thereby 
furthering the efficiency of the process. 

It is to be noted that one or several of the 
single factors comprising catalyst activity, tem 
perature, contact time, catalyst to hydrocarbon 
ratio, and amount of promoter, which co-operate 
to produce the mild isomerization conditions in 
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reactor 2, may vary within the scope of the 
invention, and that the sole criterion of suitable 
mild isomerization conditions is the ability to 
effect the preferential isomerization of the naph 
thene hydrocarbons. Thus a more active catalyst 
may be used in the first conversion zone with a 
substantial decrease in temperature and/or cata 
lyst to hydrocarbon ratio and/or contact time. 
The following example illustrates the preferential 
isomerization of the naphthene content of a 
hexane charge wherein a short contact time and 
a low ratio of catalyst to hydrocarbon is used to 
offset the greater activity of the catalyst. 

Eacample IV 
A mixture of normal hexane and methyl cyclo 

pentane consisting of 81.5 per cent by weight of 
normal hexane and 18.5 per cent by weight of 
methyl cyclopentane was treated with a fresh 
molten catalyst consisting of aluminum chloride 
dissolved in antimony trichloride at a tempera 
ture 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 cyclopentane to 
cyclohexane of 53 per cent was obtained, whereas 
only 19 per cent of the normal hexane was con 
verted to methyl pentane. 
The particular steps by which naphthenes 

comprising hydroaromatic naphthenes are sepa 
rated from the products emanating from the 
first conversion zone may vary within the Scope 
of the invention. Whereas in the treatment of a 
naphthenic hexane fraction, , fractionation is 
found to be suitable, this method is often re 
dered impractical with hydrocarbon fractions 
comprising hydrocarbons of more than six car 
bon atoms to the molecule, due to the complexity 
of the hydrocarbon mixture and the proximity of 
the boiling points of certain of the hydroaro 
matic 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 hydroaromatic 
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 

fraction comprising hydrocarbons having more 
than six carbon atoms to the molecule, the re 
moval of the hydroaromatic naphthenes from the 
products emanating from the naphthene isomer 
izing zone may comprise such steps as the con 
version of the hydroaromatic naphthenes to aro 
matic hydrocarbons, and the separation of the 
resulting aromatics by solvent extraction, extrac 
tive distillation, or other Suitable methods. Thus, 
referring to Figure II, a mixture of saturated 
hydrocarbons consisting essentially of paraffins 
and cycloparaffins of non-hydroaromatic and hy 
droaromatic structure having more than six car 
bon 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 
heptane, dimethyl cyclopentane, ethyl cyclo 
pentane and methyl cyclohexane, as obtained by 
fractionation of a naphthenic straight run gaSO 
line, is introduced into the System through line 
G. 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 
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O 
predominating in methyl cyclohexane as a bottom 
fraction, which is withdrawn through line 80. 
The remainder of the charge comprising sub 
stantially all of the normal heptane and dimethyl 
cyclopentanes is passed as a side stream from 
fractionator 4 through lines Oa and ?o into 
reactor 2. Within reactor 2 the hydrocar 
bons are treated as described above to convert 
the non-hydroaromatic naphthenes comprising 
the methyl cyclopentanes and ethyl cyclopen 
tanes to hydroaromatic naphthenes comprising 
methyl cyclohexanes as the predominating re 
action. The products from reactor 2 are passed 
to fractionator 22 wherein a light fraction com 
prising the hydrogen halide promoter, if used, 
and if desired a certain amount of hydrocarbons 
comprising unconverted non-hydroaromatic 
naphthenes, is removed overhead and recycled 
in part or in its entirety through line 23 to line 
O. Bottoms from fractionator 22 comprising 

normal heptane and methyl cyclphexanes are 
passed through line 25 into the fractionator 26. 
Within fractionator 26 hydrocarbon material of 
more than Seven carbon atoms to the molecule 
Which may have been introduced therein is 
eliminated from the bottom thereof through line 
2. A lighter fraction comprising normal hep 
tane and methyl cyclohexanes is taken overhead 
from fractionator 26 and passed through line 62 
and heater 63 into a dehydrogenating zone. If 
a heavier fraction has been removed from the 
fractionator is through line 60, this is combined 
with the hydrocarbon stream flowing through 
line 62. 
The dehydrogenating Zone may comprise a re 

actor 65 or a plurality of reactors connected in 
series or in parallel. Within reactor 64 the hydro 
Carbon stream is contacted with a catalyst under 
conditions at which the hydroaromatic naph 
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 aro 
matic hydrocarbons. The invention is, however, 
not limited to the use of this preferred type of 
catalyst, and other dehydrogenation catalysts 
comprising, for example, chromium oxide or 
molybdenum oxide on alumina or zirconia, may 
be used. The dehydrogenation is effected at a 
temperature in the range of, for example, from 
about 400° C. to about 550° C., preferably at ele 
wated pressures, for example, above about 350 
pounds, in the presence of added hydrogen. The 
desired temperature conditions are maintained 
within reactor 64 by means of heater 63 and if 
desired by other means, not shown in the draw 
ing, for supplying heat from an outside source. 

Products from reactor 64 comprising paraffin 
and aromatic hydrocarbons including, for ex 
ample, normal heptane and toluene, are passed 
through line 65 to an extractive distillation Co 
umn 66 wherein they are extractively distilled in 
the presence of a suitable solvent having prefer 
ential solvent power for the aromatic hydrocars 
bons. Suitable solvents comprise, for example, 
one or a mixture of the following: phenol, cresylic 
acids, alkyl phenol mixtures, etc. Overhead from 
column 66 comprising paraffin Ca hydrocarbons is 
passed through line 28 to the reactor 30 to be 
subjected to the more severe paraffin isomeriza 
tion conditions as described above. The results 
ing products of the paraffin isomerization are 
fractionated in fractionators 37 and 3 to obtain 
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a high octane parafinic fraction comprising 
branched and multi-branched chain paraffin hy 
drocarbons having seven carbon atoms to the 
molecule, which is removed from the System 
through line 44 as a final product. Bottoms from 
column 66 comprising solvent and aromatic hy 
drocarhons are passed through line 67 to distilla 
tion column 68 wherein aromatic hydrocarbons 
comprising toluene are separated from the sol 
vent. Aromatic hydrocarbons comprising toluene 
are removed as overhead from column 68 through 
valved line 70 as a final product of the process. 
The ean solvent is returne?t from column 68 to 
the upper part of column 66 hy means of line 69. 
The invention can be applied with particular 

advantage to the treatment of hydrocarbon mix 
tures predominating in paraffin and naphthene 
hydrocarbons having the same number of carbon 
atoms to the molecule. Such as the fractions of 
relatively narrow boiling range readily obtained 
by fractionation on a practical scale of naturally 
occurring naphthenic hydrocarbon mixtures, 
The invention is, however, not necessarily limited 
thereto. It is within the scope of the invention 
to treat naphthenic hydrocarbon fractions of 
relatively wider boiling range such as, for ex 
ample, a fraction comprising the paraffin and 
naphthene hydrocarbons of both six and seven 
carbon atoms to the molecule. The wider boiling 
fraction mav be subjected to the first conversion 
step of the process and the resulting hydrocar 
bon mixture, now substantiallv free of non-hy 
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droaromatic hydrocarbons. subjected to a plu 
rality of steps, not shown in the drawing, which 
may comprise One or more such treatments as 
fractionation. solvent extraction, dehydrogena 
tion, extractive distillation. etc. to effect the 
separation of hvdroaromatic naphthenes from 
the paraffins, 
may then be subjected separatelv or combined to 
the second conversion step of the process for the 
production of high octane paraffin fractions pre 
dominating in branched chain hydrocarbons. 
Olefins, aromatic hydrocarbons, and impurities 
which are deleterious to catalvst 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. 

For the purpose of claritv, all parts of appara 
tus not essential to a complete description of the 
invention comprising, for example, pumps, con 
densers. accumulators, and the like, have been 
omitted from the drawing. It is to be understood 
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 , 29 and 63 may consist of 
suitable indirect heat exchanging means, fluid 
heaters comprising externally heated elongated 
coils positioned in furnace structures, or the like. 
In practical operation of the process of the in 
vention, the hydrocarbon streams withdrawn 
from separators and 33 are preferably subjected. 
to a fractionating step by means not shown in 
the drawing to remove entrained or dissolved cat 
alyst components therefrom prior to passing to 
Columns 22 and 37 respectively. 

Due to the elimination of naphthenes from the 
hydrocarbon charge, made possible by the process 
of the invention, the more severe isomerizing con 
ditions within the second conversion zone may 
be maintained with substantial increase in cata 
lyst life over periods of time substantially in ex 
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12 
cess of those possible when treating the original 
charge with its total or only slightly modified 
naphthene content. It is to be noted that not 
only is catalyst life increased, but a parafflinic 
product is obtained with a substantially increased 
octane rating over that possible when treating 
straight run naphthenic fractions with less effec 
tive removal of naphthene hydrocarbons prior 
to the paraffin isomerization step. It is thus seen 
that the process presents not only a substan 
tially improved method for obtaining paraffinic 
hydrocarbon fractions of substantially increased 
octane rating, suitable as blending agents for 
motor fuels and eminently suited as stocks for the 
alkylation of olefins and aromatics, but enables 
the recovery of the naphthene content of the 
charge as substantially pure hydroaromatic or 
aromatic hydrocarbon fractions. 
We claim as Our invention: 
1. The process for the production of a high 

octane paraffinic hydrocarbon fraction from a 
mixture of saturated hydrocarbons comprising 
normal hexane and methylcyclopentane 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 promoter 
not substantially 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 
at a temperature of from about 85 C, to about 
100 C., in the presence of an added hydrogen 
halide promoter in a second conversion zone, 
thereby converting the remaining hydrocarbons 
to a high Octane paraffinic hydrocarbon fraction 
comprising branched chain hexanes, and passing 
partially spent catalyst from the second con 
version Zone to the first conversion zone. 

2. The process for the production of a high oc 
tane paraffinic hydrocarbon fraction from a mix 
ture of Saturated hydrocarbons comprising nor 
mal hexane and methylcyclopentane which com 
prises contacting the hydrocarbon mixture with 
a partially spent aluminum chloride-containing 
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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 isomeri 
zation catalyst of the molten salt type at a tem 
perature of from about 80° C. to about 125° C. in 
the presence of an added hydrogen halide pro 
moter in a second conversion zone, thereby con 
verting the remaining hydrocarbons to a high oc 
tane parafinic hydrocarbon fraction comprising 
branched chain hexanes, and passing partially 
spent catalyst from the second conversion zone to 
the first conversion zone, 

3. The process for the production of a high oc 
tane parafiinic hydrocarbon fraction from a mix 
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ture of saturated hydrocarbons comprising nor 
mal hexane and methylcyclopentane which com 
prises contacting the hydrocarbon mixture with 
a partially spent aluminum halide-containing 
isomerization 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 hex 
ane with an aluminum halide-containing is0n 
erization catalyst of the molten salt type at par 
affin isomerizing conditions in a second COn 
version zone, thereby converting the remaining 
hydrocarbons to a high octane paraffinic hydro 
carbon fraction comprising branched chain hex 
anes, and passing partially spent catalyst from 
the second conversion zone to the first conversion 
Ole. 

4. The process for the production of a high oc 
tane paraffinic hydrocarbon fraction from a mix 
ture of saturated hydrocarbons comprising nor 
mal hexane and methylcyclopentane which com 
prises contacting the hydrocarbon mixture with 
a partially spent aluminum halide-containing 
isomerization 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 pres 
ence of an added hydrogen halide promoter, 
thereby effecting the conversion of methylcyclo- : 
pentane to cyclohexane as the predominating re 
action, separating naphthenes comprising cyclo 
hexane from the effiuence of the first conversion 
Zone, contacting the remaining hydrocarbons 
comprising normal hexane with an aluminum 
halide-containing isomerization catalyst of the 
molten salt type at paraffin isomerizing condi 
tions in a second conversion zone, thereby con 
verting the remaining hydrocarbons to a high oc 
tane paraffinic hydrocarbon fraction comprising 
branched chain hexanes, passing partially spent 
catalyst from the second conversion zone to the 
first conversion Zone, and contacting spent cata 
lyst drawn from the first conversion zone with at 
least a part of the charge to the second con 
Version Zone. 

5. The process for the production of a high oc 
tane paraffinic hydrocarbon fraction from a mix 
ture of Saturated hydrocarbons comprising nor 
mall 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 effect 
ing the conversion of methylcyclopentane to cy 
clohexane as the predominating reaction, sepa 
rating naphthenes comprising cyclohexane from 
the effluence of the first conversion zone, and con 
tacting the remaining hydrocarbons comprising 
normal hexane with an aluminum chloride-con 
taining isomerization catalyst of the molten salt 
type in a second conversion zone in the presence 
of an added hydrogen halide promoter at a tem. 
perature of from about 85° to about 100° C., 
thereby converting the remaining hydrocarbons 
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14 
to a high octane parafinic hydrocarbon fraction 
comprising branched chain hexanes. 

6. The process for the production of a high 
octane paraffinic hydrocarbon fraction from a 
mixture of saturated hydrocarbons comprising 
normal hexane and methylcyclopentane which 
Comprises contacting the hydrocarbon mixture 
with an aluminum chloride-hydrocarbon com 
plex catalyst substantially free of free aluminum 
chloride in a first conversion Zone at a tempera 
ture of from about 50 C. to about 100° C. in the 
presence of an added hydrogen halide promoter 
not substantially 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 naphthenes comprising cyclohexane 
from the effluence of the first conversion zone, 
and contacting the remaining hydrocarbons com 
prising normal hexane with an aluminum chlo 
ride-containing isomerization catalyst of the mol 
ten Salt type in a second conversion zone in the 
presence of an added hydrogen halide promoter 
at a temperature of from about 80° C. to about 
125 C., thereby converting the remaining hydro 
carbons to a high octane parafiinic hydrocarbon 
fraction comprising branched chain hexanes. 

7. The process for the production of a high 
octane paraffinic hydrocarbon fraction from a 
mixture of saturated hydrocarbons comprising 
normal hexane and methylcyclopentane which 
comprises contacting the hydrocarbon mixture 
with an aluminum halide-hydrocarbon complex 
Catalyst Substantially free of free aluminum ha 
ide in a first conversion zone at a temperature 
of from about 50° C. to about 100° C. in the 
presence of an added hydrogen halide promoter 
not substantially 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, sep 
arating naphthenes comprising cyclohexane from 
the effluence of the first conversion zone, and con tacting the remaining hydrocarbons comprising 
normal hexane with an aluminum halide-con. 
taining isomerization catalyst of the molten salt 
type in a second conversion zone under paraffin 
isomerizing conditions thereby converting the re 
maining hydrocarbons to a high octane parafiinic 
hydrocarbon fraction comprising branched chain 
hexanes. 

8. The process for the production of a high 
octane paraffinic hydrocarbon fraction from a 
mixture of saturated hydrocarbons comprising 
normal hexane and methylcyclopentane which 
comprises contacting the hydrocarbon mixture 
with an aluminum halide-hydrocarbon complex 
catalyst Substantially free of free aluminum hal 
ide in a first conversion zone under sufficiently 
mild isomerization conditions to effect the con 
version of methylcyclopentane to cyclohexane as 
the predominating reaction, separating naph 
thenes comprising cyclohexane from the hydro 
carbon mixture after the mild isomerization 
treatment, and contacting the remaining hydro 
carbons comprising normal hexane with an alu 
minum halide-containing isomerization catalyst 
of the molten salt type in a second conversion 
Zone under paraffin isomerizing conditions, there. 
by converting the remaining hydrocarbons to a 
high octane paraffinic hydrocarbon fraction con 
prising branched chain hexanes. 

9. The process for the production of a high 
octane paraffinic hydrocarbon fraction from a 
mixture of Saturated hydrocarbons comprising 
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normal hexane and methylcyclopentane which 
comprises contacting the hydrocarbon mixture 
with a mild isomerization catalyst comprising alu 
minum halide in a first conversion Zone under 
sufficiently mild isomerization conditions to effect 
the conversion of methylcyclopentane to cyclo 
hexane as the predominating reaction, separat 
ing naphthenes comprising cyclohexane from the 
hydrocarbon mixture after the mild isomerization 
treatment, and contacting the remaining hydro 
carbons comprising normal hexane with a more 
active aluminum halide-containing isomerization 
catalyst in a second conversion. Zone under par 
affin isomerizing Conditions, thereby converting 
the remaining hydrocarbons to a high Octane par 
afflinic hydrocarbon fraction comprising branched 
chain hexanes. 

SUMNER. H. MCASTER, 
CBESTER C. CRAWFORD. 
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