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s 

3,150,195 
PROCESS FOR PRODUCING CYCLOHEXANE 
Robert A. Findlay, Bartlesviiie, Okia, assignior to 
Philips Petrole in Company, a corporation of 
Delaware 

Fied Aug. 1, 1960, Ser. No. 46,533 
8 Claims. (C. 260-666) 

This invention relates to an improved process for pro 
ducing cyclohexane by isomerizing a hydrocarbon frac 
tion comprising methylcyclopentane and normal hexane. 
The present invention is an improvement in the process 

of the application of Lloyd E. Dean et al., S. N. 698,607, 
filed November 25, 1957, now U.S. Patent No. 2,953,606, 
issued September 20, 1960, in which a hydrocarbon frac 
tion comprising principally methylcyclopentane, n-hexane, 
and benzene is passed into a hydrogenation Zone in ad 
mixture with H2 to hydrogenate the benzene to cyclo 
hexane in contact with a hydrogenation catalyst; a hy 
drocarbon fraction comprising methylcyclopentane, n 
hexane, and cyclohexane is recovered from the effluent 
and contacted in an isomerization zone with an aluminum 
chloride-hydrocarbon complex catalyst promoted with 
HCl so as to form isohexanes and cyclohexane; the 
effluent from the isomerization zone is fractionated to 
separately recover isohexanes and cyclohexane; and the 
cyclohexane fraction is purified by deoiling to provide a 
cyclohexane concentrate of a purity upwards of 98%. 

Since cyclohexane is a valuable hydrocarbon utilized 
in industry and, particularly, in the manufacture of nylon, 
it is desirable to convert as much of the feed to cyclo 
hexane in the process of the above-identified application 
as possible. 

Accordingly, it is an object of the present invention to 
provide an improved process for producing high yields of 
cyclohexane of high purity. Another object is to convert 
a maximum amount of a mixed stream of benzene, meth 
yicyclopentane, and n-hexane to cyclohexane. A further 
object is to provide a process for converting methyl 
cyclopentane and n-hexane to cyclohexane. It is also an 
object of the invention to provide an improved process 
for converting benzene, methylcyclopentane and n-hexane 
to cyclohexane in separate isomerization and dehydro 
cyclization steps with destruction of catalyst poisons 
formed in the process which tend to foul the isomeriza 
tion and dehydrocyclization catalysts. Other objects of 
the invention will become apparent to one skilled in the 
art upon consideration of the accompanying disclosure. 
One aspect of the improvement in the process of the 

invention comprises passing the isohexanes formed in the 
process of the above-identified application to a dehydro 
cyclization zone and there contacting same with a catalyst 
consisting essentially of platinum distended on a porous, 
inert Support material, such as activated charcoal, silica, 
silica-alumina, etc., so as to convert the isohexanes to 
methylcyclopentane. Activated charcoal is the preferred 
Support and this support is impregnated with a suitable 
platinum compound readily convertible to platinum in 
an amount which deposits or distends the Pt thereon in 
a concentration in the range of about 0.01 to 5.0 and 
preferably, 0.5 to 1.0 weight percent of the support. 
Chloroplatinic acid is a suitable impregnating compound 
and the impregnated support is heated in a hydrogen con 
taining ambient at a temperature in the range of 400 to 
700 F. to convert to Pt metal. 
The temperature of the isohexane dehydrocyciization 

step is in the range of about 400 to 1025 F. and, pref 
erably 575 to 650 F. High pressures in the dehydro 
cyclization zone require higher temperatures in order to 
effect the desired dehydrocyclization and it is therefore 
preferred to operate this zone at pressures below about 
50 p.s.i.g. and Fiore desirably at about at nospheric pres 
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sure. The space velocity may vary in the range of 0.05 
to 10.0 liquid volumes of feed per volume of catalyst per 
hour. The catalyst is preferably in a fixed bed of suitable 
size particles to effect high contacting efficiency. 
The effluent from the dehydrocyclization zone is passed 

to the benzene hydrogenation zone or to the isomeriza 
tion zone, depending upon the amount of impurities in 
the effluent. In most instances, however, this effluent 
contains up to 2 mol percent olefins, up to 1.0 percent 
aromatics, and from 10 to 15 percent methylcyclopen 
tane, together with hydrogen formed in the process. 
Since the olefins and aromatics are deleterious to the 
platinized charcoal, it is advantageous to pass the effluent 
from the dehydrocyclization zone into the benzene hy 
drogenation zone where they are destroyed and do not 
deactivate the catalyst, and where the hydrogen is used to 
advantage. 
The platinum metals other than platinum itself do not 

have the effect of catalyzing the dehydrocyclization of 
isohexanes to methylcyclopentane. Other conventional 
dehydrocyclization catalysts are also ineffective in this re 
action. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic draw 
ing which is a flow diagram of a preferred embodiment 
of the process of the invention. 

Referring to the drawing, a feed comprising methyl 
cyclopentane, n-hexane, and benzene is passed thru line 
i0 in admixture with hydrogen introduced thru line 12 
to benzene hydrogenation zone 14. The hydrogenation 
step effected in zone i4 is a conventional hydrogenation 
preferably utilizing a nickel catalyst deposited on a porous 
inert Support such as silica gel, keiselguhr, or other high 
ly siliceous material. The hydrogenated effluent from 
zone 14 is passed thru line 16 into fractionator 18 which 
effects separation of hydrogen from the effluent and re 
turns same via line 20 to line 12 where it joins hydrogen 
introduced to the system thru line 22. The hydrocarbon 
effluent from fractionator 18 is passed via line 24 to isom 
erization Zone 26. The catalyst utilized in zone 26 and 
the isomerization step effected therein are those employed 
in the process of the above-identified application. The 
preferred catalyst comprises AlCl3-hydrocarbon com 
plex, promoted with HCl. 
The isomerizate from the first isomerization zone 26 

is passed via line 28 to a suitable fractionator 30 which 
effects the desirable separation of cyclohexane, produced 
by hydrogenation of benzene in zone 14 and isomeriza 
tion of methylcyclopentane in zone 26, from the isohex 
anes formed in zone 26. The cyclohexane concentrate 
recovered thru line 32 is passed to dehexanizer 46 from 
which the n-C6 and MCP is recovered overhead and re 
cycled to isomerizer 26 via lines 48 and 24. The bottoms 
fraction containing cyclohexane and heavier oils is passed 
to fractionator 52 where the oils (iC and heavier) are 
recovered thru line 54 and the cyclohexane of 98% purity 
is recovered thru line 56. 
The overhead fraction from fractionator 30, containing 

the isohexanes, is passed via line 34 to a dehydrocycliza 
tion Zone 36 where it is contacted with the platinum 
catalyst, under the conditions previously described, so 
as to convert the isohexanes to methylcyclopentane. The 
effluent from the dehydrocyclization zone 36 is passed 
thru line 38 to line it for recycling to the benzene de 
hydrogenation step. The olefins and aromatics in this 
stream are hydrogenated in zone 4 and the hydrogen in 
the recycle stream is used up therein. The methylcyclo 
pentane passes thru the benzene dehydrogenation zone 
unchanged and is isomerized in the isomerization zone to 
cyclohexane. 

in the event the recycle stream in line 38 is relatively 
free of olefins and aromatics, this stream may be passed 
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directly into line 24 thru iine (86 for passage directly into 
the isomerization zone. It is also feasible to clean up 
the fraction in line 38, freeing it of deleterious materials 
in conventional manner and pass the concentrated iso 
hexanes directly into zone 26. 
The following example illustrates the invention and is 

not to be interpreted so as to unnecessarily limit the in 
Vention. 

EXAMPLE 

The data presented in the table represent these obtained 
When hydrogenating a typical refinery stream comprising 
principally isohexanes, n-hexane, and methyicyclopen 
tane, isomerizing the resulting stream, fractionating the 
isomerizate to recover isohexanes overhead and a cycio 
hexane bottoms fraction, passing the isohexanes fraction 
to a dehydrocyclization zone to form methylcyclopentane, 
and passing the MCP to the hydrogenation step. The 
isohexane conversion step is effected at a temperature of 
600 F. and at atmospheric pressure in contact with a 
catalyst consisting essentially of silica and 1 percent by 
Weight of Pt reduced at 675 F. Isohexane space ve 
locity in this step is 0.2 gal./gal./hr. The cyclohexane 
fraction is fractionated to remove overhead n-hexane and 
MCP which are recycled to the isomerization step. The 
bottoms fraction from this fractionation is again frac 
tionated to recover an overhead cyclohexane stream of 
98 percent purity and a bottoms fraction of iso-C, and 
heavier. 

Table 
Values given are in pounds) 

Sohex- Cat. Dehexanizer 
Feed lane con- chan- product oils 

centrate ber bottoms 
effluent 

Lines in drawing---------- 10 34 38 50 56 54 

Isohexanes".------------- 
n-Hexane------------ rew as 
Methylcyclopentane--- 
Benzene.------------ 
Isoheptanes and heavier 
Cyclohexane. 
Olefins------- a 
Hydrogen.--------------- 

100.0 36.5 361.5 98.3 94.8 3.5 

"The isohexanes, consist mainly of 2-methylpentane and 3-methyl 
pentane With only minor amounts of 2,2-dimethylbutane or 2,3- 
dimethylbutane. 

Certain modifications of the invention will become 
apparent to those skilled in the art and the illustrative 
details disclosed are not to be construed as imposing un 
necessary limitations on the invention. 

I claim: 
1. A process for producing cyclohexane comprising 

contacting n-hexane and methylcyclopentane in an isom 
erization zone with an aluminum chloride-hydrocarbon 
complex catalyst, promoted with HCl under isomerizing 
conditions so as to produce isohexanes and cyclohexane; 
Separating an effluent from said isomerization zone into a 
cyclohexane fraction and an isohexane fraction; contact 
ing said isohexane fraction in a dehydrocyclization zone 
with a catalyst consisting essentially of platinum distended 

5 

O 

5 

20 

25 

45 

50 

55 

4. 
on a porous inert Support at a temperature in the range 
of about 400 to 1025 F. and at a pressure below about 
50 p.S.i.g. to produce methylcyclopentane; passing result 
ing methylcyclopentane fron said dehydrocyclization 
Zone to said isomerizing zone; and recovering said cyclo 
hexane as a product of the process. 

2. The process of claim 1 wherein said support is 
activated charcoal and the amount of platinum is in the 
range of 0.01 to 5 weight percent of the charcoal. 

3. The process of claim 2 wherein the temperature in 
said dehydrocyclization zone is in the range of about 
575 to 650 F. 

4. A process for producing cyclohexane comprising 
contacting a methylcyclopentane-n-hexane-benzene feed 
admixed with a hydrogenation catalyst in a hydrogena 
tion Zone so as to convert benzene to cyclohexane; con 
tacting an effluent from said hydrogenation zone, prin 
cipally methylcyclopentane, n-hexane, and cyclohexane, 
with an isomerization catalyst in an isomerization zone 
tilder isomerizing conditions so as to convert n-hexane to 
isohexanes and methylcyclopentane to cyclohexane; sepa 
rating the effluent from said isomerization zone into an 
ischexane fraction and a cyclohexane fraction; contact 
ing said isohexane fraction in a dehydrocyclization zone 
With a catalyst consisting essentially of platinum dis 
tended on a poro is inert support at a temperature in the 
range of about 400 to 1025 F. and at a pressure below 
about 50 p.s.i.g. to convert isohexanes to methylcyclopen 
tane; passing resulting efittent containing minor amounts 
of olefins, aromatics, and hydrogen from said dehydro 
cyclization Zone to said hydrogenation zone to hydrogen 
ate said olefins and aromatics thereby eliminating the 
poisonous effect of these constituents on the downstream 
catalyst; and recovering cyclohexane as a product of the 

GCCSS. 
5. The process of claim 4 wherein said support is 

activated charcoal and said platinum is in the range of 
about 0.01 to 5 weight percent of the charcoal. 

6. The process of claim 5 wherein said isomerization 
catalyst comprises an AlCl3-hydrocarbon complex pro 
moted with HC1. 

7. The process of claim 5 including the steps of re 
covering H2 from the effluent from said hydrogenation 
Zone and recycling same to said hydrogenation zone. 

8. The process of claim 4 including the steps of (a) 
passing said cyclohexane fraction to a first fractionation 
Zone and recovering therefrom n-hexane and methyl 
cyclopentane as an overhead fraction and cyclohexane 
and heavier hydrocarbons as a bottoms fraction; (b) 
passing said overhead fraction to said isomerization zone 
to form additional cyclohexane; and (c) passing said 
bottoms fraction to a second fractionation zone and re 
covering therefron cyclohexane of high purity as said 
product and heavier hydrocarbons as a bottoms fraction. 
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