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Lloyd E. Dean, John L. Greebe Fred S. Ivey, and
Thomas C. Fiavin, all of Bartlesvﬂle, OKkla., assignors

to Phillips Petroleum Company, a eorperatlon 0f Dela- o

ware
Filed Nov. 25, 1957 Ser. No. 698, 607

S Clalms (Cl 260--666)

Th1$ invention relates to an nnpredved precess for the
In one aspect it relates to

conversion of hydrocarbons.
a process for the isomerization of normal acyclic and
alkyl substituted alicyclic hydrocarbons having ‘similar
boiling points, such as normal hexane and methylcyclo-
pentane. In another aspect it relates to a combination

process for the isomerization of a feed material com-

prising normal hexane, methylcyclopentane and con-

156 -
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taining - impurities, such as sulfur and benzene in the

presence of a metal halide catalyst.

T'his application is a continuation-in-part of L. E. Dean
filed April 15, 1957, and now

_abandoned

- Various hydrocarbon fraetmns of petreleum conta:m
large amounts of naphthenic compounds and normal par-
affins. Many of these compounds are relatively useless

in their original form; however, they can be converted

to valuable materials which are useful in motor fuels or
as starting materials in chemical processes. Thus, for
example, normal hexane which has a low octane number
can be converted to isohexanes which have hlgh octane

25

drocarbon with aluminum chloride.

| - 2,953,606
Patented Sept 20 1960

‘is carried out usually at a temperature in the range of
‘between about 90 F. and about 160° F., the particular
'_-temperature employed being dependent on the composi-
tion of the material to be converted.
-acyclic compounds can be isomerized, including normal
- butane, normal pentane, normal hexane, normal hep-

‘Vartous normal

tane, etc. The alkyl substiuted alicyclic compounds
which can be isomerized include methylcyclopentane
which is isomerized to cyclohexane, 1,1-dimethylcyclo-
pentane which is converted to- methycyelohexane, and
the like. Isomerization reaction is preferably carried out

under sufficient pressure to provide a liquid phase reac- -

tion namely a pressure in the range between about 150
and about 300 p.si.g. The contact or residence time of
the reactants in the reactor varies usually between abeut
0.1 and about 5 hrs. . | | |

- The catalyst employed in carrying out isomerization

-OOHIPI'ISE metal halides, such as aluminum chloride, alu-

minum bromide, boron trifluoride and the halides of such

metals as zinc, tin, arsenic, antimony, zirconium, beryl-

lium, titanium, iron, and the like. These catalysts are

'e5pec:1a11y effective. when present as complexes which are

formed by interaction between the metal halides and hy-
drocarbons present in the reaction system. A particular-
ly desirable isomerization catalyst is the complex of hy-
In addition to the

- rcatalyst it is desirable that the eerrespendmg hydrogen

30
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numbers and form valuable components of motor fuels.

Also, for example a compound, such as methyleyelepen-

tane can be converted to cyclohexane which is a sta;rtmg_

material in the manufacture of nylon fibers. .
It is an object of this invention to provide an: 1mpreved
process for the conversion of hydreearbons

-~ Another object of this invention is to pmwde an im-

proved process for mcreasmg the octane number of com-
ponents normally present in motor fuel. -

Still another object of this invention is to prewde an '

aluminum
‘maintain a normal hexane conversion of about 55 per-
cent, the catalyst complex should contain 60 to 62 per-

‘halide be present in the reaction zone since this material
‘maintains catalyst activity at a high level..

The reaction
rate and the conversion of the hydrocarbon feed is de-
pendent on the amount of aluminum chloride in the
ehlonde-hydrecarben eemplex Thus, to

cent aluminum chloride. However, the quantity of alu-

‘mium chloride in the complex can be varied over wide

- ranges to provide a corresponding rang of feed reactant

40 .
" .a high aetwlty
-ride present is between about 2 and about 6 weight per-

iconversion. While the over-all activity of the catalyst is
_established by the alumium chloride content, as stated,
the presence of hydrogen chloride is required to provide

Usually the quantity of hydrogen chlo-

" cent of the feed with about 4 weight percent being pre-

45

improved process for the isomerization of normally acy-. "

‘clic and substituted alicyclic fhydrocarbons havmg similar

-boiling points. | - |
Yet another object o-f this mventmn is to prowde an

ampreved process for the isomerization of a feed material

50 -

comprising normal hexane and methyleyclopentane end

containing benzene and sulfur as impurities. ..

- These and other objects of the invention will- beeeme
more readily apparent from the following detailed de-
scription and discussion.

-a feed material comprising a normal acyclic and an alkyl
substituted alicyclic compound with a metal halide isom-
‘erization catalyst and a corresponding hydrogen halide

under suitable conversion conditions Whereby sald com-

pounds are isomerized.

In one aspect of the invention the feed metenal com-
prising a mixture of compounds of similar bmhng pomts
such as normal hexane and methylcyclopentane. -

In another aspect of the invention the feed material

‘The above objects are aehleved broadly by eentaetmg T

65

- ent.
+about 1 and about 3 cubic feet of liguid feed per cubic
foot of catalyst per hour.
‘hydrogen:is preferred; therefore, it is desirable that more
‘than the 3 mols necessary to convert each mol of -ben-
zene be present in the reaction zone.

60
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which contains. impurities, such as benzene and sulfur,:

is hydrogenated in the presence of a nickle catalyst where- .

‘by the benzene is converted to cyclohexane and the sul-
fur is converted to nickel sulfide after Wthh said feed

material is isomerized.

ferred. The | hydroearbon—te-—eatalyst ratio is also an
-jmportant faetor in the isomerization reaction rate.and

generally this ratio is maintained between about 0.8:1

rand about 1.4:1 although ratios as high as 5 to' 1 can
‘be used if reaction temperatures are increased.

The removal of contaminants, namely benzene and
sulfur, from the isomerization feed is effected by con- |
tactmg said feed with a dehydrogenated mickel catalyst

“and hydrogen under suitable conditions of elevated tem-

perature, usually between about 360 and about 500° F.

_’_Pressure does mot appreciably affect the hydrogenatwn

reaction and the actual pressure employ_ed is established
principally by the partial pressure of the hydrogen pres-
Usually the liquid hourly space velocity is between

Operation with an excess of

Preferably, the
hydrogen concentration is such as to prewde a hydro-

- gen—to-benzene ratio ef between about 4 and ebeut 16

As a result of the precedmg operatmn benzene is hydro-

o genated and converted to eyclohexane Whlch is one of

~ the desired produets of the isomerization reaction; and

vo the sulfur in the feed material reacts with the nickel cat-

- Isomerization of nermally acyehe and alkyl subetltuted s
alicyclic hydrocarbons in the method of this invention

alyst, convertmg said catalyst to nickel sulfide. -The latter
reaction inactivates the catalyst, therefore, penodxcally it



‘is necessary to withdraw and dump the spent catalyst
and -add fresh catalyst-to the system.
In order to more fully describe the invention in its

various process steps and to provide a better understand-
--mg thereof, reference -is had ‘to the accompanying draw-

ings -of which Figure '1°is a diagrammatic illustration of

-the feed -preparation unit and a benzene dehydrogena-
‘tion unit, “Figure 2 -is -a diagrammatic iltustration of an
-isomerization unit -and Figure 3 is a diagrammatic illus-
‘tration of -a unit for fractionating eflluent-from the isom-
‘erization unit. -
‘Referring to ‘Figure 1 a feed material compnsmg
mixture of ‘ischexanes, normal hexane, benzene, methyl-

cyclopentane and cyclohexane ‘is introduced to a denor-

malhexanizer 3 ‘through conduit 1. In the denormalhex-
anizer ‘which is a conventional fractionating tower, the
feed ‘material is separated to provide an overhead prod-

uct which is concentrated in normal hexane and also

contains a -substantial -quantity of methylcyclopentane.
This material is passed from tower 3 in the vapor state
through conduit 5 and pump 7 into accumulator 9. Liqg-
-uid is -withdrawn from the accumulator through conduit
13 and utilized as reflux to the denormalhexanizer through
conduit 15. A portion. of the net accumulator liquid is
removed -as product; for example, for use as-a solvent
material, through conduit 19, and-the remainder 1s passed

‘through conduits 17 -and 2, to the benizene hydrogenation
feed surge tank 4.

“"The denormalhexanizer bottoms which comprise prin-

cipally the heavier portions of the ‘feed are removed
through conduit 23 and combined with a second hydro-

carbon feed stream through conduit 25. The  latter

stream 'is similar in composition to the denormalthexanizer
‘bottoms. The combined streams are introduced to frac-
- tionator 27 wherein a separation between the components
.of the feed is carried out to again provide an overhead
stream concentrated in normal hexane and methylcyclo-
pentane. This material is passed from the fractionator

“through conduit 29 and condenser 31 into accumulator

33. The accumulated material is returned in part to the

fractionator through pump 35 and coanduit 39 and the

remainder is introduced to demethylcyclopentanmizer 47
through conduit 41.  In the latter vessel a further refine-

ment of the hydrocarbon feed is made whereby sulfur-
containing materials are rejected from the bottom of the

‘tower. The overhead material, which is concentrated In
normal hexane and methylcyclopentane, is.condensed with
a portion being returned to the tower as reflux through
conduit 39 and the remainder being combined with -the
overhead from the denormathexanizer 3 through conduit
61. The bottoms from each of fractionator 27 and de-
methylcyclopentanizer 47 are joined through conduits 45
and 65 respectfully to provide a combined stream which
is withdrawn from the unit through conduits é7. Each
of -the fractionators are provided with reboiling means,
‘namely 2%, 43 and 63, to provide the heat necessary for
the separation which-is carried out in each tower. As a
result-of the aforedescribed steps there is provided in the
benzene hydrogenation feed surge tank 4 a hydrocarbon
mixture comprising normal hexane, methylcyclopentane

and a small amount of benzene, cyclohexane and various
“This material is removed from the feed surge

1sohexanes.

2,053,808
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.zene to form cyclohexane

“nickel sulfide.

separator 28.

with the feed first passing through the reactor which is
next to be regenerated and then through the other reactor.
It is possible to make either reactor first in the series by
a suitable arrangement of valves 14, 14a, 16, 164, 20, 20q,
and 22 and 22a. In this specific embodlment valves 14,
26. 16a and 22q are open and valves 1da, 16, 22, and

20a are closed whereby the reactants flow through the
reactor 18 -and :then :through reactor 18a. "Within the

reactors the principal reaction .1s hydrogenation of ben-
This reaction is.exothermic,
therefore there is a temperature rise, usually of about

21° /F. per.mol percent. of .benzene .in the fresh feed to
‘the reactor.

In the event that sulfur or sulfur-containing
compounds sare present in the feed material the sulfur
reacts with the nickel catalyst converting the catalyst to
‘Since nickel sulfide does not promote the
hydrogenaﬂon reactmn, removal of the sulfur from the
feed in this manner in effect poisons the catalyst, which
necessitates periodic shutdown of each reactor for re- -

‘moval of contaminated catalyst and addition of fresh

catalyst.
The effluent from the. reactors now free from benzene
and 'sulfur, but containing some light paraffins as a result

of -a minor amount of cracking passes through conduit

24 -and-exchanger 8 countercurrent to the feed to furnace
11 and then through conduit 26 into a high temperature
In this vessel the major portion of the
hydrogen in the effluent, plus uncondensed lighter hydro-

carbons are removed, passing from the separator through
conduit 30. The vapors from the separator are passed

through a partial condenser 32 and into a gas scrubber
34 -wherein a portion of the hydrocarbons are separated
from-the hydrogen by condensation. The remaining gas-
eous material comprising about 85 mol per cent hydro-

‘gen is released from the scrubber through conduit 36

and ‘combined with the feed to the hydrogenation unit as
previously described. As required make-up hydrogen is
introduced to the recycle hydrogen stream through con-

duit 37. The liquid material from gas scrubber 34 1s
-returned to the high temperature separator through pump
38 and conduit 40. As necessary to mainfain a more

- or less constant level in said separator the combined lig-

45
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tank and passed through -conduit 6, where it is joined by

a combined recycle and make-up hydrogen stream, :then
through exchanger 8§ countercurrent to reactor effluent

65

-wherein -preheat .is added and then through conduit 19 -

into furnace ‘i1 where the additional heat required to

initiate the reaction is provided. . The heated feed mate-
rial leaves the furnace at a temperature of about 360° F.,

passes.through conduit.12 and enters reactors 18 and 18:::
The.reactors .are arranged so that the flow therethrough

.can be-in _series .or in parallel, dependmg on whether or
Generally it

not .a .reactor is withdrawn from service.
'is desirable to carry.out the hydrogenation reaction by

passing the feed material through the reactors in series.

70
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uid is withdrawn therefrom through conduit 42 and 1n-
‘troduced to hydrogen fractionator 44 supplied with heat

through reboiler 57, wherein separation and recovery of

the remaining hydrogen in this material is effected. The
~overhead from the stripper, which comprises principally

hydrogen, with a -small amount of light gaseous hydro-

carbon -passes through conduit 46 and partial condenser

48 into -accumulator 50 from which hydrogen is with-
drawn through conduit 52. Condensed overhead is re-
turned to the stripper through pump 54 and conduit 36

as teflux. The bottoms from the hydrogen stripper com-
prising a stream now essentially free from hydrogen and

light hydrocarbons are removed from the stripper through
conduit 588, cooled in exchanger 60 and introduced to the

isomerization feed surge tank &2. Before entering the

isomerization feed surge tank the stripper bottoms efil

uent

" is combined through conduit 220 with a stream rich in
‘methylcyclopentane obtained in a manner heremafter

described.

In the first . stage of the isomerization step the feed
material -is removed -from surge tank 62 through pump
64 and passed through conduit 66 into dryers 70 and 79qa
wherein any moisture present in the feed Is removed.

‘Normally “the -dryers are operated in paraliel with one
dryer ‘being in operation while the other dryer is being
regenerated or being emptied and filled with fresh drying

agent. Various drying agenis can be employed however,

usually bauxite ‘is .preferred. The dried feed 1s passed

through cooler 74 where the temperature is substantially

reduced -and then is passed through conduit 76 into alu-

minum ‘chloride saturator 78. In this vessel the feed

‘which can be introduced at various elevations contacts
| al_uminum chloride crystals which are picked up and
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carried with the feed through conduit 8¢ into an isomeri-
zation reactor 82, Before entering the reactor the cata-
lyst concentration of the feed is increased by the addition
of aluminum chloride hydrocarbon complex from settler
86.

in the reactor is the isomerization of normal hexane to
2-methylpentane and methylcyclopentane to cyclohexane.
In addition, three other isomers of normal hexane, neo-
hexane, diisopropyl, and 3-methylpentane are also
formed in varying quantities.
reactor, comprising unreacted normal hexane, methyl-
cyclopentane, cyclohexane and the various isohexanes is
passed through conduit 84 and enters settler 86 wherein
entrained catalyst complex is separated from the hydro-
carbon material, the major portion of the settled catalyst
complex being returned to the reactor through pump 88

and conduit 90. Inasmuch as the catalyst gradually loses

its activity it 1s desirable that a portion of it be either
periodically or continuously withdrawn from the system.
For this purpose a baflle is provided in one end of settler
86 and separated catalyst is withdrawn continuously
therefrom through conduit 92. Although a substantial
separation of catalyst and hydrocarbon is effected in

settler 86 of the hydrocarbon effluent therefrom still

‘contains finely divided aluminum chloride-hydrocarbon
‘complex and a major proportion of the hydrogen chlo-
ride. This stream is passed through conduit 94 into
‘coalescers 98 and 98a for the purpose of effecting re-
moval and recovery of these materials. As in the case
of the isomerization feed dryers these vessels are op-
erated in parallel with normally one vessel in operation
while the other is’ being emptied and refilled with the
coalescing and filtering medium. Various inert materials
can be used for coalescing the catalyst, including sand,
charcoal, and the like, however, bauxite is preferred for
‘this purpose. The effluent from the coalescers, now sub-
stantially freed of aluminum chloride-hydrocarbon com-
plex is introduced to hydrogen chloride stripper feed
surge tank 104 through conduit 102, .As previously
stated, the effluent from the benzene hydrogenation con-
tains small quantities of light gaseous hydrocarbons which
are the result of cracking during the hydrogenation step.
These materials are normally removed in the stripper

along with said hydrogen chloride however, since the .4

hydrogen chloride is recycled to the isomerization reactor

eventually the light gases build up in the system. To

prevent such a buildup ventrng of gases is provided
through column 106 which is dispcsed on the stripper

feed surge tank. In order to prevent loss of hydrogen .

chioride in this operation, bottoms from the hydrogen
chloride stripper, comprising the main product stream
(substantially free from HCl) are introduced to the top
of column 106 through conduit 132. Hydrogen chlorlde
in the vent gases is thus absorbed and returned to the
stripper feed surge tank and the gases are passed from the
system through conduit 108.

Accumulated material in the feed surge tank is re-
moved therefrom through pump 110 and conduit 112,

passed through exchanger 113 in indirect heat exchange |

with hydrogen chloride stripper bottoms and is intro-
duced to hydrogen chloride stripper 114 wherein the
major portion of the hydrogen chloride is separated from
the reactor effluent. The overhead product from the
stripper is a hydrogen chloride rich stream which, as
previously noted, is returned. in part to the isomerization
reactor through conduit 116. The remainder of the
stripper overhead is passed through condenser 118 and
enters accumulator 120, from which it is withdrawn and

conduit 124. Any heat required in the stripping opera-
tion is provided by reboiler 125 which is disposed in the
bottom of stripper 114.. The stripper bottoms product
comprising principally the heavier hydrocarbon portion
of the reactor effluent is removed therefrom through con-

Hydrogen chloride is also added to the feed, through
conduit 116. The principal reaction which takes place

The effluent from the

10

6
duit 126, passed through exchanger 113 and cooler 128,

conduit 134 and pump 136 and then introduced to caustic

‘wash tank 138 wherein any remaining hydrogen chloride

is neutralized. Provision is made to recycle caustic to the

~wash tank through conduit 142, with spent caustic being

withdrawn through conduit 140 and fresh caustic being
introduced, as required, through conduit 144. The caus-

tic washed hydrocarbon product is then passed through
conduit 146 to sand towers 150 and 150a to remove the

caustic. These towers are also operated in parallel in

~order to provide for continuous operation during dumping

15
series of three fractionation stages, the first two stages
each being carried out in two fractionators and the final
‘stage being carried out in a single fractionator.
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“hexane.

and replacement of the sand contained therein. From

the sand towers the product stream is introduced to the

fractionator feed surge tank 154 through conduit 152.
The isomerization-fractionation system comprises a

In the
first stage of this process material from surge tank 154
18 passed through pump 156 and conduit 158 into a first
fractionator 166. Before entering the fractionator the

feed passes through two exchangers 160 and 162 being

indirectly heated with the bottoms from fractionators
166 and 190 in the exchanger 160 and further heated
with steam in exchanger 162. Fractionator 166 is the
first fractionator in the series of two which are prov.rded
for the purpose of removing isohexanes from the isomeri-
zation reaction effluent.

A portion of the feed material is introduced to thlS
fractlonator through conduit 164. Within the fractiona-
tor a separation is carried out whereby an overhead prod-
uct substantially free from normal hexane is provided.
This material leaves the tower in the vapor state through
conduit 168, is condensed in condenser 170 and passes
into an accumulator 172. Accumulated liquid is with-

drawn through pump 174, a portion is returned to the

fractionator through conduit 176 as reflux and the re-
mainder - is yielded from the unit through conduit 178.
The yielded material, which compnsos essentially iso-
hexanes, has a high octane value and is suitable for use

as aviation fuel.
- The remaining portion of the isomerization effluent is

passed through conduit 188 and introduced to the second
deisohexanizer 190. In this vessel it is necessary to pro-

vide a different separation from that carried out in frac-

tionator 166. Due to the reaction equilibrium in the

isomerization reactor and the composition of the feed

provided thereto, it is not possible to convert all of the
normal hexane present in the feed to the reactor even
though recycle of this material is employed. As a result,
it is necessary to yield a quantity of normal hexane from
the unit. This is accomplished by operating deisohexan-
izer 190 to provrde an overhead stream containing iso-
hexanes and in addition any excess unconverted normal
The overhead product from tower 190 is con-
densed and a ‘portion is returned to this tower as reflux
through condunit 200 with the remainder being vielded

- through conduit 202. Since the material in conduit 202

60

contains -a substantial amount of normal hexane it has a
lower octane number than the overhead product from
tower 166 and therefore is suitable only for motor fuel.

The portion of the isomerization effluent which re-
mains after the removal of normal hexane and iso-
hexanes passes from the bottom of deisohexanizers 166

and 190, through conduits 182 and 206 respectively,

B through exchanger 160 and conduit 184 and then into

returned to the stripper as reflux through pump 122 and 70

75

_'-_.and normal hexane from the reaction effluent.’
tionators 216 and 238 make up this stage.

-accumulator 186. From this vessel the bhottoms material

is passed through pump 208 and conduit 210 to the

-second fractionation stage which is provided for the

purpose of removing. unconverted methylcyclopentane
Two frac-

~ The feed to these fractionators passes first through ex-
‘changer 212 in indirect heat exchange with the bottoms
from the fractionators and then through exchanger 214
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after which this material is divided with a portion being
fed to each of the fractionators.
from the fractionators s
manner, namely condensed; a portion refluxed
cactionators ‘and the remainder vielded fror

The overhead product
treated 'in a conventional

to the

n the unit

through conduits 228 and 258. The bottom streams are
combined through conduits 232 and 254 and introduced

through conduit 234 to accumulator 235. TFrom this ves-

sel the remaining effluent is passed to the remaining

stage of the product fraction, namely to the decyclo-
hexanizer 264. Before entering this vessel the accumu-

10O

lator material is preheated by passage through heat ex-
changer 268 countercurrent to the bottoms from vessel
264 and then through steam heater 262. The overhead

vapors from the decyclohexanizer are condensed and

split, with a portion being returned to the decyclohex-
anizer as reflux and the remainder being yielded as cyclo-

hexane product through conduit 276.

‘The remaining

portion of the reaction effluent is withdrawn from the

bottom of decyclohexanizer, cooled in exchanger 2890

20

and vielded from the unit for use as motor fuel.

The following example is provided in illustration of
an application of a preferred embodiment of the inven-
tion on a commercial scale.

Flows:

EXAMPLE
Feed preparation

Feed to denormalhexanizer (1)

Composition—
Isohexanes
D-HeXane o ————
Methyleyclopentane
Isoheptanes
Benzene oo o
Cyclohexane
1- 1 dimethyleyclopentane ( -+ )

Denormalhexanizer overhead (17)

Composition—
Isohexanes
Methyleyclopentane
n-Hexane
Isoheptanes
Benzene
Cyelohexane o e

Denormalhexanizer bottoms (28)

Com hosition—
Jdexane
Methylcyclopentane
Isoheptanes
Benzene o o o —— e
- Cyclohexane
1- 1 dimethylecyclopentane{(-t-) -

Feed to fractionator (23 and 25) oo

Composition—
Isohexanes
n-Hexane .o e
Methyleyclopentane
Isoheptanes
Benzene o o e
2,4-dimethylpentanecyclohexane
.- 1, dimethylcyclopentane(-)

Fractionator overhead (41)

Composition—
Isohexanes
XA e —————— e e e
| "\Iethylcyclopentane
Isoheptanes
Benzene
Cyclohexane

Demethyleyclopentanizer overhead (61)

Composition—
Isohexanes
n-Hexane .
Methyleyclopentane
Isoheptanes
Benzene

Volume percent
10.6
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Denormalbexanizer (3) v ccvecmvmmcam e
Fractionator (27) - ecome et
PDemethyleyclopentanizer (A7) ooeooonoo

Presgsures

Denormalhexanizer (8)
Fractionator (27)
Demethylcyclopentamzer (47)
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Blows:

Flows :

Flows :

Bemam' *hydmgenatiﬂﬂ

- Hydrocarbon feed to reactors. -(:2)

Composition—
n-Hexane

| Methylcyclﬂpentane __________________
Benzene '

- Cyclohexane

Isohexanes o
JIsoheptanes o e

- Hydrogen feed (plus 1ecyc1e) (86 and 87)

Compogition—
H}E}droﬁen e e e e e mols/day.—.. 625H2
Light parafins ______ _Volume percent_. 79.2

n-HEeXANe e e do____. 1b.5
Methyleyelopentane - _d0———. 2.8
Cyclohexane om0 g
Isohexanes oo do— -~

Feed to hydrogen stripper (42)

Composition— -
Light parafing 1.4
n-Hexane ______._. e

- Methyleyclopentane
Cycelohexane
Isohexanes.
Isoheptanes

Volume percent
58.5
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Reactor feed (12)
Reactor effluent (24)
High temperature separator {(28)
Gas scrubber (34)
Hydz;_ggen stripper {(44)—

Pressures :

Reactor (18)
High temperature separator (28)
Gds scrubber (34)
Hydrogen stripper (44)

Isomerization unit

Hydrocarbon feed to reactor (80, 228 and 250) ...

Compomtmn——-— Volume percent
& =) 1 1= U 63.1
Methylcyclnpentane 18.2
Cyclohexane
Isohexanes

Isoheptanes

AlCl;-complex catalyst to reactor (80 and 90) ———-..
HCl (recycle) to reaetnr (116) o
Reactor effluene (84) o

Composition—
n-Hexane
Methylcyclopentane
Cyclohexane
Isohexanes
Catalyst
H C1
Isoheptanes . e .
1-1, dlmethylcyclopentane(+ -

—H—#H_‘_“———'—_—_“___—_“__

. L vy e ek ] el pen B W W ey e B S S b ey B L I TER RSN

il Bkl B hkiel’ Wy ey st vy ey gy el Bl vl el Sl S S S

A N S T e gy S S A el ey T ey s s et e ek el el el Pkl S

— ey PR I B el Bl B ekl delich . Sk e . G amm www el i i el S —

s B Sk el kel S S g el el e b s mmmk nlen ek bl bl el Pemy ] P S Sy - - e ek Sl el EEE U S G —

- Temperatures :

—ydmcarbon reactor feed (80)
Reactor effluent (84)
ACl stripper (114)—

Pressures:

Reactor (82)
Coalescers (98 and 98a)
HC! stripper (bottom)
Sand towers (150 and 150a)

Product fractionation

Feed to Delsohexanizers (158) m e mco e

Compomtwn—- Volume percent
HeXane o 28.5
Methylcyclomntane 4.1
Cyclohexane
Isohexanes

Isoheptanes o e

1-1, d1methvlcyclopentane(—|—) -
" Deigsohexanizer (166). overhead (1%78)

Composition—
n-HexXane e e e
Isohexanes
Methylceyclopentane
CyeclohexXane e

Deisohexanizer (190) o‘verheaﬂ (202)

Composition—
n-Hexane -
Isohexane
Methylcyclopentane
Cyclohexane
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Feed to demethyleyclopentamzer (210) e

Compomtmnw
Hexane . " _
Methylcyclopent&ne e e e o et e e 00 e i e |
Cyclohexane '
Isohexanes
Isoheptanes . o e e ————

1-1, dlmethylcyclc:pentane( )

Eo K 2. K _§F X 4 B |

_-_H—I—li—l—ll-l-ll—t-li—_——“‘ﬂ———_-"_—_—_'_‘_—

[ ae—— T e e T T L I B B s R

punSR——— ey N R R R R Rl el L

A

) gemy NN L T ans i T e R Wy Sey ek R ol S L R B et et gly S Wl e el S Sk ey e el -—

— ey s vk gl el gk ke AL S ey e vk e wnay Pl Sl e ek ek e Sl Sl S

H—“*—-ﬁu-'_-u—__—--_‘”-___

e gy ek - wlls- ek i s Bk ek Teie s bl s Bellf b b e —y

T & 3 " F" & _B_ B ___K BN R 1 _ B B Nl Rl

el ekl el il R W e ey e — T A S AN S N LS S IS umm ewr e A S B B L T SN SN YR S -

el ETE CEEE TETS WY N S A L B R el SEL- uame s el W W —

(1 £ ) S —

el deger —

Gal./day

259,000

9,310

6.1

264,160

Volume percent -

Catalyst—hydrated nickel oxide—108,000 1bs. in each react@r
Temperatures :

220

Gal./day

416,200

299,830
19,700
736,080

Gal./day

108,720

199,820

175,300
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Product fractionation—Continuned

Flows: Gal./day
- Demethyleyclopentanizer overhead. (to isomeriza-
tion unit) (228 and 250) o e 108,400
Composition—
n-Hexane .- 71.3
Methylcyclopentane oo oo __ 15.0
Isohexanes . __ __ .o e 7.8
- Cyelohexane _ _ ____ 8.7
Isoheptanes o e 0.2
Feed to decyclohexamzer (258) i 66,910
- Composition— |
Cyeclohexane ___ . . . _____ 98.0
Methylcyclopentane — . o __  _______ 0.1
Isoheptanes . __ o _ o 1.0
1-1, dimethyleyclopentane(--) e __ 2.9
Cyclohexane product (2876) e oo 65,160
Composition—
Cyclohexane __. . __ o\ oo __ 98.1
Ieeheptanee ________________________ 1.0
Methyleyelopentane oo 0.1
1-1, dimethylieyeclopentane{(4) ________ 0.8
Deeyelehexemzer bottoms to motor fuel (298) ———— L7770
Composition—-
Cyeclohexane _ .o 20.7
1- 1 dlmethylcyclepentane( +) ________ 79.3
Temperatures o i\
Feed to deisohexanizer (158) e o 240
Deigohexanizer (166)—
1) ¢ 200
Bettem e e e e e e et e e i B2 S
Deisohexanizer (190)—
O e 205
BotlomM  ce e .. 200
Demethylcyclopentanizers (216 and 238)—
O e e e 225
Bottom .__—— 265
Decyclohexanizer (264)— -
B OD e e 258
BottomM e - 305
Pressures : p.s.1.g.
Deisohexanizer 166) e AfO
Deisohexanizer (190) 0 40
Demethyleyclopentanizers (216 and 288) .. 40
Decyclohexanizer (264) e 40

Having thus described the invention by providing a
specific example thereof, it is to be understood that no
undue limitations or restrictions are to be drawn by rea-
son thereof, and that many variations and modifications
are within the scope of the invention.

We claim:

1. A process for the isomerization of hydrocarbons
which comprises contacting a hydrocarbon feed compris-
ing normal hexane and methylcyclopentane in a reaction
zone with an aluminum chloride-hydrocarbon complex

catalyst and hydrogen chloride at a temperature of be-.

tween -about 90° F. and about 160° F. whereby the feed
material is isomerized, introducing the reaction zone efflu-
ent to a settling zone wherein separation between hydro-
carbons and catalyst is effected, recycling at least a por-
tion of the catalyst to the reaction zone, passing the
hydrocarbon phase from the settling zone to a coalescmg
zone wherein the removal of additional catalyst is effected
by contacting with a catalyst coalescing medium selected
from the group consisting of sand, charcoal, and bauxite,
venting the hydrocarbon effluent from the coalescing zone
to effect removal of light hydrocarbon gases, contacting
the vented gases with absorbent obtained as hereinafter
described whereby entrained .hydrogen chloride is ab-
sorbed from said gases, combining absorbent and ab-
sorbed hydrogen chloride with the remaining liquid POT-
tion of the coalescing zone hydrocarbon effiuent, passing
the combined material to a hydrogen chloride stripping
zone wherein the major portion of the hydrogen chloride
is separated, removing and recycling stripped hydrogen
chloride to the reaction zone, utilizing a portion of the
stripped hydrocarbon material as said absorbent, passing
the remainder of the stripped hydrocarbon through a
caustic wash for the neutralization of any remaining hy-

drogen chloride, passing the caustic washed material

through a sand tower for the removal of entrained caus-
tic, then introducing said effluent to a series of fractiona-
tion zones wherein various components of said effluent
are separated and recycling unreacted methylcyclopentane

and normal hexane to the reaction zone. |
2. A process for the isomerization of hydrocarbons

which comprises contacting a hydrocarbon feed compris-
ing normal hexane and methylcyclopentane and contain-
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ing, as impurities, benzene and sulfur, with a hydrated

nickel oxide hydrogenation catalyst in the presence of

hydrogen at a temperature between about 300° F. and
about 450° F. in a hydrogenation zone whereby the ben-
zene in the feed material is hydrogenated to cyclohexane

~and the sulfur reacts with the nickel catalyst to form
nickel sulfide, introducing the hydrogenation reaction

zone effluent into a separatlen zone from which a gaseous
material rich in hydrogen is vented, passing the vented
material through a cooling zone and into a gas scrubbing
zone for the separation of liquid and gas rich in hydrogen,
returning the liquid from the scrubbing zone to the
separation zone and the hydrogen-rich gas to the hydro-
genation zone, introducing said combined liguids to a
stripping zone wherein the remaining hydrogen is re-
moved, said hydrogen also being recycled to the hydro-

genation zone, passing the liquid from the strlppmg zZone

to an isomerization zone wherein this material is con-

tacted with an aluminum chloride-hydrocarbon complex

catalyst and hydrogen chloride at a temperature of be-
tween about 90° F. and about 160° F. whereby the feed
material is 1somerized, infroducing the isomerization zone
¢fiuent to a settling zone wherein separation between
hydrocarbons and catalyst is effected, recycling at least

a portion of the catalyst to the isomerization zone, pass-

ing the hydrocarbon phase from the settling zone to a

coalescing zone wherein the removal of additional cata-

lyst is effected, venting the effluent from the coalescing

zone to effect removal of light hydrocarbon gases, con-

tacting the vented gases with an absorbent obtained as
hereinafter described, whereby hydrogen chloride is ab-
sorbed from said gases, combining the absorbent and
absorbed hydrogen chloride with the liquid portion of the
coalescing effluent, passing the combined material to a
hydrogen chloride stripping zone wherein the major por-
tion of the hydrogen chloride is separated, removing and

‘recycling stripped hydrogen chloride to the isomerization
- zone, utilizing a portion of the stripped hydrocarbon

material as said absorbent, passing the remainder of the
stripped hydrocarbon through a caustic wash for the neu-
tralization of any remaining hydrogen chloride, passing
the caustic-washed material through a sand tower for the
removal of entrained caustic, then introducing said efflu-
ent to a series of fractionation zones wherein various com-
ponents of said effluent are separated, and recycling un-
reacted methyﬂcyclopentane and normal hexane to the

reaction zone.

3. The process of claim 2 in which the isomerization
effluent is divided into two portions, the first portion is
fractionated to provide a product comprising essentially
isohexanes, the second portion is fractionated to provide
a product comprising essentially isochexanes and normal
hexane, and the remainders of the two portions are com-
bined and infroduced to a series of fractionation zones
wherein methylcyclopentane and cyclohexane are succes-
sively removed therefrom. |

4. In a process for the isomerization of hydrocarbons

which comprises contacting a hydrocarbon feed compris-

ing an isomerizable hydrocarbon selected from the group
consisting of isomerizable normal paraffins and naph-
thenes with an aluminum halide-hydrocarbon complex
catalyst promoted by hydrogen halide, thereby isomeriz-
ing said hydrocarbon, and removing said catalyst from
admixture with the thus treated hydrocarbon product, the
improvement which comprises passing thus treated hydro-
carbon product to a gas removal zone in which gaseous

‘material is separated from the liquid hydrocarbon product

and vented from the system, contacting the vented gases
with an absorbent obtained as hereinafter described and
thus effecting the absorption of hydrogen halide in said
vent gas by said absorbent, mixing the resulting absorb-
ent containing hydrogen halide with said liquid hydro-

- carbon product, passing the resulting mixture to a hydro- |

76

gen halide. stripping zone wherein hydrogen halide is re-
moved from said hydrocarbon product by stripping, and



returning part of the thus stripped hydrocarbon product
to contact with said vented gas as hereinbefore described.

5.In a process for the isomerization of hydroca;rbons
which comprises contacting a hydrocarbon feed compris-
ing normal hexane and methylcyclopentane with an alu-

nrinum chloride-hydrocarbon complex catalyst promoted

by hydrogen chloride, thereby isomerizing said hydro-
carbons, and removing most of said catalyst from -ad-
mixture with the thus treated hydrocarbon mixture, the
improvement which comprises passing thus purified hy-
drocarbon product to a coalescing zone wherein said
hydrocarbon product is contacted with a catalyst coalesc-
ing medium selected from the group consisting of sand,
charcoal, and bauxite and remalmng traces of catalyst
are coalesced and removed, passing thus treated hydro-
carbon product to a gas removal zone in which gaseous
material is separated from the liquid hydrocarbon prod-
uct and vented from the system, contacting the vented
gases with an absorbent obtained ‘as hereinafter described

16 2,303,0’-’7%5

12

and thus effecting the absorption of hydrogen chloride in

said vent gas by said absorbent, mixing the resulting

absorbent containing hydrogen chloride with said liquid

hydrocarbon product, passing the resulting mixture to a
hydro gen chleride stripping zone wherein hydrogen chlo-
ride is removed from said hydrocarbon product by strip-
ping, returning part of the thus stripped hydrocarbon

product to contact with said vented gas as hereifibefore

described, -and recovering isomerized hydrocarbons from

10 the remainder of said hydrocarbon product.
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