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1 Claim,
1 ,
This invention: relates to- the isomerization: of
a - light: naphtha. of the. pentane-hexane boiling
range-gnd is particularly concerned with-a proc-
ess of ‘increasing: the isoparaffin. content of light
naphtha with: o minimum: fmount of cracking.
Catalytic naphtha isomerization processes have
heretofore beéen proposed Wwherein . increased
yields -of - isopenitane, neohexane and ischexanes
have been: obtained: by employing various: crack-
ing - inhibitors, such' as hydrogen, benzene, and
naphthenes. These processes require: somewhat
higher tempeéeratures and- thereby higher. pres-
sutes thus introducinhg ifito the processes the:dif-
ficulties accompanying. kkigh. temperature-high

pressure . operation and-they introduce into:the

processes - undesirable materials’ which must: be
subsequently removed. It ‘has: also been pro-
posed heretofore. to' isomerize maphthas in the
presence (of .4 large’ préportion: of-a low-boiling
isoparaffin; such as ischutane or isopentane:
laige proportion of isopentane added to .ainaph-
tha, howeéver, - has' 4 teddency 't0- subdue the
isomerization of normal pentane in-favor of the
isomerization of ‘normal hexane.

It is- an. object dchieved by this invention:to:

provide an  improved light ‘naphtha;:isomeriza-
tion. process in ‘which: increased: yields: of -iso-
peritane; neohexane andrigochexanes are obtained.

Another: object -achieved By this-invention: is
to: provide a process for improving the isoparaffin
content of a light naphtha wherein the amount
of-ddded isopentane:¢racking- inhibitor is ma-
terially decreased.

Another objectachieved by this invention:is

to provide an-improved process$ for the isomeriza- :

tion of g light naphitha at g relatively low tem-
perature in which a. product. ‘consistingiessen-
tially of pentanes and hexahes:is obtained with-
out resorting to fractionation:for the separation
of g diluent cracking:inhibitor.

A further objéct achieved by this invention
is to provide-an improvedprocess for: the isom-
erization of a-light naphtha" of the pentane-
hexane boiling range’ iti'which the: pentane-frac-
tion ‘of ‘the ‘product consists-of an equilibrium
mixture of normal pentane and:isopentane.

A further  object -achieved by this invention:
is to-provide an improved process for the isom-~
erization of a light -naphtha -of the. pehtane-
hexane boiling range-wherein the isopentane pro-
duced in the isomerization of the normal pentane

serves as a cracking inhibitor during :‘the isom-~ -

erization of the normal ‘hexane.

A still further object achieved by .this. invens
tion is -to provide an improved light naphthsa
isomerization process in-which the-formation:of
aluminum -halide-hydrocarbon ' complexes is
minimized and improved use-is made of the cata-
lytic activity of the-aluminum halide.
~Qther: ‘objects achieved by -this invention will

A ¢

(C1. 260—683.5)

2

_become apparent in the following detailed ‘de-

15

scription -thereof.

We. have discovered that. increased y1e1ds of
isopentane, neohexane,. .and isohexanes  can. be
obtained during theisomerization of a light naph-
tha of the.pentane-hexane boiling range in.the
presence--of an aluminum. halide .catalyst. and
& hydrogen halide promoter if the lisht naphtha
is fractionated into:a Cs fraction and a Cg frac-
tion,. each fraction then being separately isom-

- erized: in the presence:of a predetermined amount

of -isopentane:
In..practicing our mventwn we fractionate .a
l1ght naphtha into..a Cs hydrocarbon. fraction,

.a Cs hydrocarbon fractmn and a Cr and heavier

hydrocarbon fraction. The latter fraction may
be blended with the final product or may be dis-
carded. The Cs hydrocarbon fraction is. treated
according to our: copending: application, S. .N.
717,010, whereby a mixture -of liquid. normal

. pentane and isepentane;: said mixture. contain-
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ing about 33 to 50 per cent by weight of iso-
pentane, is contacted with an aluminum. halide
and hydrogen hatide in g reaction zone at a tem-
perature below about 70° C.: . a reaction mix-
ture containing substantlally more  isopentane
than was present in the charge and not more
than about 60 per cent by weight of isopentane
is - withdrawn from said reaction zone. .Ac-
cording to-the. present invention, an equilibrium
mixture consisting. of about 85 to about 90 per
cent by weight of isopentane and.-about 15 to
about 10 per cent by weight of normal ‘pentane
is obtained from the reaction mixture produced
in. .the pentane. isomerization step. .The equi-
librivm mixture is mixed with the Ce hydrocar-
bon fraction in an amount sufﬁclent to produce
a - mixture contammg at.least about 45 per cent
by welght of isopentane. - The pentane-hexane
mixture is ‘contacted ‘with an - active -isomeriza-
tion catalyst, such as .an alumlnum halide. .and
a hydrogen halide promoter in. a -hexane reaction
zone at.a tempnratule below about 75° C. where~
by normal hexane is converted predominantly
to.neohexane: and-ischexanes. An improved light
naphtha. 18- recoveled ‘the pentane. content: of
qaud improved light naphtha consisting . essen~
tlally of .an equilibrium mixture of normal pen-
tane and isopentane. : . If desired, the product re-
covered may contain pentanes and hexanes in the
same -relative. proportion-as was present in: the
light naphtha. prior -to.its . initial fractiongtion
into @ Cshydrocarbon:fraction, a:Cs hydrocarbon
fraction and a Cvand-heavier hydrocarbon frac-
tion. . The Cs fraction:-of ‘the product; however,
would:consist of -anequilibrium mixture or about
8510 about 90 per:cent by weight ‘of isopentane;

+Ag’ pointed-out-im-our .copending: application,
Si:N. 717,010, dncreased yields:of :isépentane:can
be obtained during the isomerization. of ‘normal
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3
pentane in the presence of an aluminum halide
catalyst and a hydrogen halide promotver if a pre-
determined amount Of isopeittane 1s introauced
withh the normai pentane to be isomerized. ¥or
example, we determined that isopentane yields

above about 50 per cent could be obtained ii the

normal pentane to be isomerized is mixed with
isopentane in an amount corresponding to aboutb

33 to about 50 per cent by weight of the mixfure.

It Iess than about 53 per cent or more than aoout
50 to 52 per cent by weight of isopentane is pres-
ent initially in the normai pentane feed, the yield
of isopentane is less than the yieid without the
presence of any initial isopentane. Particulariy
zood yields of isopentane are produced without
substantial cracking if the piroportion of iso-
pentane in the pentane feed is maintained at be-
tween about 35 per cent and about 45 per cent by
weight of the total pentane feed and best yields
are obtained with an initial isopenvane concen-
tration of about 40 to 41 per cent. We determined
that for the greatest efficiency the reaction mix-
ture withdrawn irom tae penvane reaciion zone
should contain not more tnan about o) per cend
by weight of isopentane. The process can be oper-
ated to produce a proauct congaining more than
about 60 per cent of isopeatane, but when greater
than about 60 per cent ol isopentane 1s ooiaimed
in-the product stream, there also are obtained
considerable amounts of cracking and decomposi~
tion products with accompanying side reacvions
and deterioration of the catalyst taking place.
Accordingly, - when the product stream contains
more than akout 80 per cent by weight of isopen-
tane, the advantage gained by the initial isopen-
tane conceniration is oilset by the formation of
side reaction products. The pentane isomeriza-
tion step is, thererore, most auvaniagecusly car-
ried out with an initial isopentane concentra-
tion of about 40 to 41 per cenc and a iinal isopen-
tane concentration no¢ greauter than asout 6y per
cent. Conversion oi normal pentane to isopsn-
tane taking place duriug a simglc pass tarough toe
reactor is reiativeyy smali; nowever, thg clrcuia-
tion rate is sufilciendly fast to give a commerc.aliy
atiractive process.

‘We have iound that increased yizlds of neo-
hexane and isohexanes can ke obtained during
the isomerization of norinal hexane in the pres-
ence of an aluminum halide catalyst and a hydro-
gen halide promoter if a predetermined amount

of isopentane is introduced with the normal hex- -

ane to-be isomerized. ' For example, we have
found that neohexane and isohexanes are pro-
duced with a minimum amount of cracking occur-
ring if the normal hexane to be isomerized is
mixed with isopentane in an amount correspond-~
ing to at least about 45 per cent by weight of
the mixture. If less than about 45 per cent by
weight of isopentane is present initially in the
normal hexane feed, the amount of cracking
cccurring is substantially increased and the yield
of isomerized hexanes is substantially decreased.
Particularly good yields of neohexane and iSo-
hexanes are produced without substantial crack-
ing if the proportion of isopentane in the hex-
ane feed is maintained at between about 45
per. cent and 55 per cent by weight of the
total hydrocarbons present in the hexane re-
actor.  The isopentane concentration may be
as ‘high as 75 per cent or even higher; how-
ever, from an economic standpoint .it is gen-
erally desirable to use not more than about
55 per cent by weight. The isopentane used as
the cracking inhibitor in the hexane reactor may
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be substantially pure isopentane but more ad-
vantageously it is an equilibrium mixture of nor-
mal pentane and isopentane; that is, a mixture
consisting of about 85 to about 90 per cent iso-
pentane and about 15 to about 10 psr cent nor-
mal pentane. We have found that when sub-
stantially pure isopentane is used, there is a
tendency for a-portion of the isopentane to be
isomerized to normal pentane until an equiiibrium
mixture is obtained. When using an equilibrium
mixture of normal pentane-isopentane, the
amount of mixture used as inhibitor is greater
than the amount of pure isopentane used because
in the mixture the normal pentane acts only as a
diluent. Therefore, if an.equilibrium mixture

consisting of 10 parts normal pentane and 90

parts isopentane is used as the cracking inhibitor,
the minimum amount of mixture that can be

used is 50 per cent by weight of the final pentane- -

hexane mixture. In such a case, a mixture will
result consisting of 5 per cent normal pentane,
45 per cent isopentane, and 50 per cent hexanes.

The amount of isopentane reported herein-
above to-be required to inhibit cracking reactions
during the separate isomerization of normal pen-
tane and normal hexane is based upon the use of
an aluminum- halide catalyst and a- hydrogen
The particular ranges of iso-
pentane concentration cited, however, may vary
depending upon the particular catalyst employed
and depending upon the operating conditions

such as temperature, pressure and space velocity. -

It should be understood, therefore, that the opti-
mum isopentane concentration at a given tem-

perature, pressure and space velocity will vary:
with the particular catalyst but can readily be.

determined in a few trial runs.

The embodiments and examples recited herein
have, for the sake of simplicity, been restricted
to aluminum chloride as the catalyst and hydro-
gen chloride as the promoter. It should be under-
stood. however, that we do not wish to limit this
invention either with respect to a particular
catalyst or with respect to a particular pro-
moter, :

The vields referred to herein are a measure
of the efficiency of the conversion of normal hy-
drorcarbons to isormerized hydrocarbons and are
celevlated by dividing the moles of isomerized
hydrocarbons formed by the moles of normal hy-
drocarbon converted all multiplied by 100.

The naphths employed as charge stock, gec-
cording to the process of our invention, may be

a light virgin naphtha or any naphtha fraction:
5 having an end point of about 160° F., provided

that it is substantially paraffinic and that only
minor amounts of aromatics, about 0.5 par cent
or less, are present.
drocarbons are undsesirable constituents in a
charge for our process because these constituents
react with metallic halide catalysts to form me-

tallic halide-hydrocarbon complexes, thus caus-

ing substantial catalyst deterioration.

The catalyst used in either the pentane reactor
or the hexane reactor can be any of the active
isomerization catalysts such as metallic hialides,
boron trifluoride, hydrofiuoric acid, and the like.
While any of the anhydrous metallic halides will

-funiction as isomerization catalysts, for practicel
purposes aluminum halides, such as aluminum.

chloride and aluminum bromide are preferred.
These halides can he used alone or in combina~
tion with a carrier or support material, such as
zeolite, permutite, and the like. If desired, the
aluminum halide can be suspended or dissolved

Olefinic ‘and aromatic hy-.



the.aluminum.halide catalys

adventageously '
0 between.about

use an amount oorrésbondlng
2 and about 4 per cent by weight. based .on.the
Welght of the hydroqa__rbgns ‘pr_esentwln,,the Teac-

rapidly.and th

ing increases rather. rapidly:..
.The, operating .conditions,. such:.as tempera=

ture;: pressure,: and spage.velocity,. employed. in. .

the two reactors are substantially the.same.. Nat-
urally,.these conditions will vary. .depending upon
the. particular. catalyst ichosen; The .reactions
can be effected, for instance,-over a wide:range of
space..velocities.

volume. of: catalyst per hour.are employed.. The
particular. space.velocity.employed is:adjusted so

as to;obtain:satisfactory.conyersions.at the tem-~...

perature .chosen..:

In..carrying .out.the. process. of. cur-invention, .
the..pentane.. isomerization. reaction...and.:the. .

hexane isomerization.reaction.are. carried.out at

. used, to, increase the, -activity of:
ith

,'.1f_ more _than abo_ut 4 per cent.of. .
a hydrogen:halide.is:used, .the.amount of cracks. .

In. general,;:space.velocities. of ..
from.about.0.1 to.4 or.5 volumes.of-liquid.feed per.

zatlon plOCeSS m vapor, phg‘_‘ > and mi
vapor ,phasem !

a diluent 'cracking‘mhlbrtor is. a.vmded Our in-

Mventlon is further advantageous from an e

; 2054.

30,

consideration of the followmg detaﬂed .descr
““tion, 111ustra,t1n°r the preferred methods .of prac

is present in the pentane fraction,..
Other advantages of Jour, 1nvent10n -will; be~-..
come a.pparent 1o, those skllled in. the art.upo

ticing. the process of .our 1nvent1on It is_t0 be. .
understood. that, numerous modlﬁcatlons may. be .
made i in the schematm ﬁow dlagram shown Jin the'.
accompanymg drawmg .without . dev1at1ng from .

‘ the present 1nvent10n,

s1st1ng predom1

a . temperature.. below..about .70%:C;. and.-about -

75%:C:; reSpectively.. The-reactions are.preferably. -
carried out-at.a temperature.within.the range of..
In .general, tem-

about 40° C.:to about 60%.C.-
peratures.higher .than .about 70%2.-C::in-the pen-

tane.reactor.and 752.C.in-the hexane reactor-are. .

undesirable “because.-at. these -temperatures- the
isomerization. reactlon is- decompanied - by:-in-
creased .cracking and. other-decomposition reac-
tions..
invention may - be practlced ln either reactor de-

The: minimum- temperature- at-which - our -

pends- upon whiether: the proecess is being carried -

out inthe liquid -phase. or-the Vapor.phase:-
process-can be carried out-in the liguid phase at a
temperature. less than-40% C., but from a com-

mercial- standpoint, the ~temperature is advan~-
tageously above about 40° C. If a3 highly-active -
.catalyst and promoter are used,-we may-employ
-temperatures.even-as-low as.25°-C: Vapor-phase:
-isomerization : naturally- must - be - carried out -

.above- the boiling -point “of the normal- pentane

cand. normal hexane, respectively.: Liquid .phase -

:isomerization is carried- out under-a pressure-suf-
-ficient to' maintain the reactants:.in.Jigquid phase.

Our -

60

A pressure.of-200 40250 :p.-s.i. should be.ade- 65,

«quate:to maintainthe.reactants-in.a liquid phase- .

.:at-a temperature.of 75% €. or-less. -

Our invention may. be:applied.to isomerization. :
‘in:liquid :phase, vapor.phase,.and - mixed lquor-..

-vapor.-phase.. However,..our..invention: is' most

-advantageously: applied to:liquid.phase.isomeri-.
zation . because .of .certain .economic .advantages..
obtained. by liquid phase.isomerization. . There~--

fore, while oflr invention.is-hereinafter. described

in:.connection. . with..its;.preferred . embodiment, .

70...

75

.through valve 31 end condult 32, 1nto the lowe;

Now, referrm fo the ﬁgure, llght naphtha con=-.

d.1n C \‘_‘cons1stmg essentlally of pen—,
tanes w1thdrawn Jfhrough conduit, 13 and.a frac-.
tion, consmtmar essentlally of, hexanes w1thdra .
through condult 14.. If, any heptanes and heav1er;ﬂ,

) ,hydrocarbons are present they. may. be, wrthdrawnv i

through valveds- condult 5.,
The pentane fraction. w1thdrawn through con-:
duit i3 from the top..of fra.ctlonator 12 is mlxed[;;
with normal pentane recycle coming: from.the .
bottom. of fractionator. .49 through condult 53,
valve 54, and condult 55. The combmed pentane
feed then passes into conduit l8 where it is mixed...
with hydrogen chloride from condult 19 and prod .
uct ‘recycle stream from condmt 20 contalmng,»‘,‘

50 not more than, about 60 per. cent by welght of iso-..

pentane The hydrogen chlorlde in. conduit, (9.
consists of fresh, hydrogen chlonde mtroduc d
through condult 21 and valves 22 and 23 and re-..
cycled hydrogen chlonde 1ntroduced through cof= ..

duiy 24 and valve 25

The pentane-hydrogen chloride solution whlch,:
is. formed at the. 1ntersect10n Oof. condults A3,.19.
and 20 enters pump 26, through condult 21 The;;—_:
pentane-hydrogen ‘chloride - .solution.. then“ y

.pumped into conduit. 28 from. whlch a -Major..

proportion is mrculated by: pump 26 through Con~-.
duit 29 containing.- valve 30 to conduit 27.. A
minor proportion. of the. pentane—hydrogen chlo=, ..
ride solution .from .conduit .28 . is w1thdra.wng;

portion of. a pentane reactor 33 which. \
tageously maintained at a. temperature of 40"_,
60° C.

The: circulation of -a major proportion of the.:
pentane-hydrogen.chloride:solution through con- .

duit. 29 insures thorough mixing.of. the, normal...
pentane introduced through, condult 13 with the .
hydrogen chloride and the recycle product stream. .
introduced.throughconduils- 19 and 20, respec-:

«tively. By this mixing procedure, the isopentane.:
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in the recyele product stream is thoroughly mixed
with .the incoming pentane prior to its introduc-
tion into the reactor so that no charge contain-
ing less than about 33 per cent of isopentane can
come in contact with the catalyst. 'Thorough
mixing of the isopentane with the normal pen-
tane is necessary in order to avoid local decom-
position reactions which would otherwise occur
near the pomt of feed 1ntroduct1on into the re-
actor

In continuous operation, pentane reactor 33
containing an aluminum halide catalyst is ad-
vantageously filled at the start of a run with a

10

miixture consisting of about 40 per cent isopen- .

tane and about 60 per cent normal pentane. The
reactor is then heated to about 50° C. and a
normal pentane-isopentane-hydrogen chloride
solution containing at least 33 per cent and not
more than 50 per cent of isopentane and 2 to 4
per cent of hydrogen chloride is then charged
to the reactor. )

Only one pentane reactor is shown in the fig-
ure; however, continuous operation may require
several reactors so that when the catalyst in one
reactor is reduced below an economic level, the
flow can be diverted to another reactor while the
depleted reactor is being recharged with fresh
catalyst. Pentane reactor 33 may contain solid
aluminum chloride or aluminum chloride de-
posited on a suitable support or it may contain
one of the various liquid catalysts wherein alumi-
num chloride is dissolved, suspended, or reacted
with some organic or inorganic material. If
solid  aluminum chloride is used as catalyts in

hexare reactor 81, the sludge which forms there~ 3

in ean, if desired, be used as catalyts in pentane
réaCtor 33. ‘Pentane reactor 33 may be provided
at its top with a plate 34 which can be removed
when it"is necessary to charge the reactor with
fresh solid catalyst. The reactor may also be
provided at its bottom with a valved conduit 35
through which  catalyst sludge, if formed, may
be withdrawn or through which liquid catalysts
may be introduced if desired.

‘The pentanes, upon entering the lower por-
tion of pentane reactor 33 through a suitable
distributing means. (not shown), pass upwardly
in contact with thée catalyst during which pas-
sage a portion of the normal pentane is isomer-
ized 'to isopentane so that the resulting product
stream contains not more than about 60 per cent
isopentane. 'The concentration of isopentane in
the incoming stream is maintained between about
33 pei ecent and about 50 per cent. Thz upper
portion of pentane reactor 33 is provided with
g settling zone 2§ to minimize catalysi-carry-
over into the product and reeycle lines: From
the top of settling zone 2§, a product stream con-
taining not more than about 60 per cent of
isopentane is withdrawn through conduit 37.
One portion of the product stream is recycled
through valve 28 and conduit 28 to conduit (8
wherein it is mixed with a predetermined quan-
tity of normal pentane so that the rasulting mix-
ture contains iess than-about 50 per ecent but
more than about 33 pér cent of isopentane.. The
portion of the product stream net  recycled
through conduit 28 passes from conduit- 37
through conduit 39 and valve 48 into separator
- 4¢ where any dissolved or entrained catalyst is
settled out. The amount of product stream re-
moved through conduit 39 is controlled by valve
48 so that the isopentane concentration -at the
top of the reactor does not exczsed about §0 per
cent,

15

20

8 :

Separator 41 is provided at its bottom with &
valved conduit 42 through which settled catalyst
can be periodically withdrawn. If desired, the
settled catalyst can be recycled to pentane re-
actor 33. From the top of separator 41 a product
stream is removed through conduit 43 to hydro-
gen chloride stripper 44. From the top of hy-
drogen. chloride stripper 44, hydrogen chloride
and non-condensabie gases are removed through
conduit 45 and recycled in part through con-
duit 24 to the beginning of the process. A por-
tion of the hydrogen chloride recycle may be
removed by valve 46 through conduit 41 to pre-
vent light hydrocarbon gases that might be
formed from building up in the system. From
the bottom of hydrogen chloride stripper 44, a
liguid product is removed through conduit 48 to
a fractionator 49. /

Fractionator 43 may be operated according to
several modifications depending upon the amount
of pentancs in the original naphtha charge. For

- example, if the naphtha charge consists of equal
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parts of normal pentane and normal hexane, the
flow might be as follows: one hundred parts of
a 50-50 mixture of normal pentane-normal hex-
ane -enters fractionator {2 through conduit 1.
Firty parts of normai pentane are removed from
fractionator 12 through conduit 13 wherein the
50 parts of normal pentane are mixzd with 40
rarts of normal pentane recycle coming from
the bottom of fractionator 49 through conduit
£3, vaive 84 and conduit 55. The 90 parts of
normal pentane are then mixed with at least
180 parts of a 50-50 mixture of normal pentane-
isopentans recycle coming from the top of pen-
tane reactor 33 through conduit 37, valve 38 and
conduit 28. The hydrocarbons thus entiring the
bottom of pentane reactor $3 consist of 90 parts
of isopentane and- 180 parts of normal pentane.
The isopentane concentration in the mixture ac-
cordingly is about 33 per cent. From the top
of pentane reactor 33, 270 parts of a 50-50 mix-
ture of normal-pentane-isopentane are with-
drawn through conduit 37; 180 parts are re-
cycled as mentioned above and the remaining
90. parts pass through separator 41 and hydro-
gen chloride stripper 44 to fractionator 9. From
the top of fractionator 49, 45 parts of isopentane
are removed through conduit 53. From the bot-
tom of fractionator 49, 45 parts of normal pen-
tane are withdrawn through conduit 53. Forty
of the forty-five parts of the normal pentane
are reeycled through valve 58 and conduit 55
and the remaining 5 parts are passed through
conduit 58 and valve 571 into: conduit (4. An
alternate procedure would be to remove these 5
parts of normal pentane together with the 45
parts of isopentane. through conduit 53. The 45
parts of isopentane and 5 parts of normal pen-
tane thus removed from fractionator 49 are
mixed with the 50 parts of normal hexane com-
ing from Iiractionator 12 through conduit {4.
The hydrocarbon charge thus entering hexane
reactor 67 consists of a mixture of normal hex-
ane and pentanes, said mixture containing 45
per cent of isopentane. An isomerized product
consisting of 50 parts pentanes and 50 parts-
hexanes is withdrawn from the top of hexane re-
actor §7 and passes through separator 12 to

‘hydrogen chloride stripper i5. In this particular

case, fractionator 84 may be by-passed and the
final products withdrawn from the bhottom of
hydrogen chloride stripper 15 through conduit
79, valve 80, conduit 81, conduit 96, valve 95,
conduit 93, valve 92, and valved conduit. 94 to



ght be as follows: one hundred parts
60 mixture of normal pentane-normal
--hexane enters fractionator 12 through- conduit

- A1 Forty parts of normal pentane are removed

- from fractionator 12 through conduit 13 wherein
..$he 40 parts of normal pentane are mixed with 28
. parts of normal pentane recycle coming. from the
.. bottom’ of fractionator-48 through, conduit. 53,
...yalve 54 and conduit 55. The 68 parts.of normal
..pentane are then mixed with at,least 136 parts
- of a'50-50 mixture of normal Jpentanerisopentane
-xecycle coming from the top of pentane, reactor
33 through conduit 37, valve. 38 and..conduit. 20.

e, hydrocarhons thus entering the bottom. of
entane ‘reactor 33, consist.of. 68, parts of -iso-
ntane and 136 parts of normal pentane.  The
entane concentration in the mixture accord-
2ly " is about' 33 per  cent. .- From- the, top,, of

. pentane reactor 33, 304 parts,of a 50-50 mixture
.of normal pent

] ntane-isgpentane . are ,Wij;l‘idrawn
h, condyit 31;

B

_.through valve 54 and cond) and the remat
_ing 6, parts are pass through, conduit .56 and
_yalve 51 into conduit (4. - An alternate procedure
.. Would be to remove, these 6 parts of normal pen-

85.and the remain-

, h_conduit, 59, . The. 34 parts of isopentane
Wwithdrawn through conduit mixed, with 20
parts of 1sopentane recycle coming from the top
-of fractionator 84 through conduit.81. . At.the
Statf of a run the 20 parts of isopentane are add-
"éd from. a e source, (not shown)... The:54
. barts of isopentane are. then mixed, with the 60
_parts of normal hexane cominsg from fractionator
ough conduit 14'and 6 parts of normal pen-
coming, from. the.bottom .of, fractionator. 49
_condy /The . hydrocarbon, charge
: reactor..67. consists . of: a
. mixture of ‘normal hexane and pentanes, said
mixture containing 45 per. cent of .isopentane.
An isomerized product is,
of hexane reactor 87 anhd vasses through sepa-
rator 12 ,andihydli*ogen chloride “stripner 15 to
-fractionstor 84. From'the top of fractionator 84,
20 parts of isopentane are recycled throtigh con-
duit'87. 'From the botton J
1ﬁnal; product consisting of 40 pafts pentanes and
60 parts hexanes is withdrawn through valve 98,

conduits 9 and 93, valve 92 and valved.conduit
.94 to storage. . The ;pg;rftaqe;content of the final
‘product consists
“per cent normal pentane. " e
... If the naphtha charge’ consists of 60 per cent
normal pentans dnd 49 per cent noz;mfaﬁl':hbxane,

the flow Mmight e as follows; oiie “Hundred parts
"of " 60-40 iktire of Tnormal pe ‘ '_
hexane enters fractionator 12 through conduit 1.
Sixty parts of normal pentane are removed from
the, fractionator { 2. through. condnit, | }

30 pa normal péntane 'a; ‘

mal pentane.are, recycled.

ne together with the 34 parts of isopentane .

of 85 per cent isopetitane and 15 .

| pentane-normal

- valve 54 and condui 55.. The-112 parts of normal

wepentane: are-then mixed with at least 224 parts
+;of -a.50-50. mixture-.of normal pentane-isopen-

tane.recycle coming -fromrthe top of pentane re-

- actor 33 through conduit-31; valve 28 -and:con-

»duit 20, . The. hydrocarbons: thus -entering: the

10;

bottom of pentane reactor 23 consist.of: 112 parts

.of isopentane.and 224 parts-of normal pentane.
.iThe Isopentane:concentration in the mixture ac-
;cordingly is.about 33 per cent.- From- the top. of

-pentane reactor-33;. 336-parts: of-a- 50-50. mixture

:of. normal, pentane-isopentane . are withdrawn

chroug‘h conduit--37; - 224 - parts-are recycled -as
- mentioned above. and the- remaining -112- parts

15-

pass :through separator; 4 l..and -hydrogen chlo-

. Xide .stripper 44 to fractionator 48.- From: the
--b0p. of fractionator 49,:56 . parts of iscpentane are
.- Temoved-through conduit 58: -From' the bottom
. of fractionator-48; 56 parts-of normal pentane

20

are-withdrawn through- conduit:-53. = Fifty-two

~of the 56 parts of the normal pentane are re-

cycled through valve 54 and conduit-55 and 'the

.Temaining 4 parts are passed through conduit 56

.-and valve-§7 info.conduit-14. . -An alternative pro-
25 -
.-mal pentane together with 36 parts of isopentane
:-as-a;side. stream -from fractionator- 49 through
-valve 58 .and. conduit.59: . From: conduit 50,20
sparts of isopentane.are removed:through valve

cedure would: be to remeve these 4. parts. of-nor-

€0 and conduit 61 wherein-it. iy mixed with the

~bottoms-from hydrogen chloride stripper 15 thus
-forming, the final- product: The remaining 36
- parts of isopentane from condvit 59 pass through
:valve 51 :and-conduit; 52 .10 coenduit: 6 wherein
5- they are mixed with-40 parts of normal hexane

-~ coming from fractionator: £2: through conduit 14

.and.4 parts -of normal pentane coming from:the

bottom - of. fractionator, 49, through . conduit 56.

.- The. hydrocarbon +charge thus:entering: hexane

40

by

withdrawn from the top .

iH]

m of fractionator 84 a
(113

88

70

. of .isopentane.

-duced  through conduit 64 and valve. 85,

reactor 67.consists.of a mixture-of normal -hexane
and pentanes, said mixture containing 45:per-cent
An isomerized product is with-
drawn from-the -top.of hexane reactor 67 and

:passes - through separator .12 .to-hydrogen chlo-

ride-stripper 15.. .In this case, fractionator 84
may. .be.by-passed and the isomerized : product

withdrawn from the bottom of-hydrogen chloride
-stripper 15. through - conduit: 19, valve 89, con-

duit 81, conduit- 98, valve:-95, conduit-93 and
valve 92 to gonduit-&1 wherein it is mixed with

the 20 parts.of.isopentane withdrawn from con-

duit 5., The final hlended product consisting of

-60. parts pentanes and 40 parts hexanes is with-
-drawn ; through valved .conduit: 94 tg - storage.
-The pentane content of the final blended ‘product
~consists .of 93.3.per cent isopentane and 6.7 per

cent normal pentane; . o | . ‘ .
The hexane fraction withdrawn from fraction-

"-ator,,ﬂz through - conduit #4 is preferably ‘mixed
with.an equilibrium: mixture .of normal pentane
-and isopentane obtained in accordance with: one
-of . the. above ‘mocifications.: . Hydrogen chloride

promoter is introduced .into the pentane-hexane

.charge. by means.of conduit 62.- The hydrogen
-chloride in conduit 82 consists of-fresh hydrogen
:chioride introduced through conduit 2{ and vaives

22 and 53 ang recyele hydrogen chloride intro-
The

pentane-hexane-hydrogen chloride charge:passes

.Fhrough.conduit. 86 into.the lower portion of hex-

ane reactor-87. which is .advantageously main-
tained at a temperature-of 40° to.75° C. 8

.. In.continuous - operation - hexane. reactor « 67
containing .an aluminyym halide -catalyst. is. ad-

i vantageously filled at the start of a run with a
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mixture consisting of about 50 per cent normal
hexane and about 50 per cent of an equilibrium
mixture of normal pentane and isopentane.
The reactor is then heated to about 656° C. and a
pentane-hexane-hydrogen chloride solution con-
taining at least 45 per cent of isopentane and 2
to 4 per cent of hydrogen chloride is then charged
to the reactor.

Only one hexane reactor is shown in the fig-
ure: however, continuous operation may require
several reactors so that when the catalyst in one
reactor is reduced below an economic level, the
flow can be diverted to another reactor while
the depleted reactor is being recharged with fresh
catalyst. Hexane reactor 87 may contain solid
aluminum chloride or aluminum chloride de-
posited on a suitable support or it may contain
one . of the various liquid catalysts wherein
aluminum chloride is dissolved, suspended, or re-
acted with some organic or inorganic material. If
solid aluminum chloride is used as the catalyst in
pentane reactor 33, any slurry which forms
therein can, if desired, be used as catalyst in hex-
ane reactor 67. Hexane reactor €7 may be pro-
vided at its top with a plate 68 which can be re-
moved when it is necessary to charge the reactor
with fresh solid catalyst. The reactor may also
be provided at its bottom with a valved conduit
69 through which any sludge, if formed, may be
withdrawn or through which liquid catalysts may
be introduced if desired.

The pentane-hexane-hydrogen chloride charge
upon entering the lower portion of hexane reactor
67 through a suitable distributing means (not
shown) , passes upwardly in contact with the cata-
lyst during which passage the hexane is isomer-
ized. The upper portion of hexane reactor 87 is
provided with a settling zone 78 to minimize cata-
lyst carry-over. ¥From the top of settling zone
10, a product stream is withdrawn through con-
duit 71 to separator 12 where any dissolved or en-
trained catalyst is settled out.

Separator 12 is provided at its bottom with a
valved conduit 73 through which settled catalyst
can be periodically withdrawn. If desired, the set-
led catalyst can be recycled to hexane reactor §7.
From the top of separator 12, a product stream is
removed through conduit 74 to hydrogen chloride
stripper 75. From the top of hydrogen chloride
stripper 73, hydrogen chloride and non-con-
densable gases are removed through conduit 76
and recycled in part through conduit 84. A por-
tion of the hydrogen chloride recycle may be re-
moved by valve 77 through conduit 78 to pre-
vent light hydrocarbon gases firom building up in
the system. From the bottom of hydrogen chlo-
ride stripper 15, a liquid product is removed
through conduit 18, valve 80, conduit 81, valve
82, and conduit 83 to a fractionator 84. If desired,
all or a portion of the hydrogen chloride stripper
bottoms may be recycled to hexane reactor 67,
through valve 8% and conduit 86. As shown here~
inabove, if the original naphtha charge contains
pentanes in an amount at least equal to the
amount of hexanes, fractionator 84 may be by-
passed and product may pass directly from the
bottom of hydrogen chloride stripper 15 through
conduit 19, valve 88, conduit &4, conduit 96, valve
85, conduit 98, valve 92 and valved conduit 94 to
storage.

Fractionator 84 is provided at its top with a
conduit 87 through which isopentane may be re-
cycled. The amount of isopentane removed as
overhead from fractionator 84 depends upon the
composition of the original naphtha charge, If
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the original naphtha charge contains more hex-
anes than pentanes, it has been shown above that
isopentane is recycled from the top of fraction-
ator 84 in an amount sufficient to produce a
pentane-hexane mixture containing at least 45
per cent of isopentane. If the original naphtha
charge contains either more pentanes than hex-

‘anes or equal amounts of pentanes and hexanes,

fractionator 84 may be by-passed. The bottoms
from fractionator 84 pass through valve 83, con-
duit 81, valve 92 and conduit 93 infto conduit
61. If the original naphtha charge contains more
pentanes than hexanes, isopentane coming from
the top of fractionator 48 through conduits 50
and 61 are blended with hydrogen chloride strip-
per bottoms, the final blended product being with-
drawn through valved conduit 94.

The following is given as illustrative of the
present invention, but it is to be understood that
the invention is not restricted thereto. The data
appearing for the four runs listed in the table
below afford a comparison of the resuls obtain-
able when separately isomerizing normal pentane
and normal hexane by contact with an alumi-
num chloride catalyst and a hydrogen chloride
promoter in the absence of and in the presence
of isopentane. All of the runs were batch liguid
phase experiments, but it is to be understood
that our process is also applicable to continuous
operation. In each of the runs, 50 mls. of charge
was placed in a stainless steel bomb of approxi-
mately 100 mls. capacity. To the charge was
added 7.4 grams of anhydrous aluminum chlo-
ride. The bomb was closed and then immersed
in a Dry Ice-acetone bath. When the bomb and
its contents reached the approximate tempera-
ture of the Dry Ice-bath, 0.6 gram, or about 2
per cent by weight of the hydrocarbons charged,
of anhydrous hydrogen chloride was added to the
reaction mixture. The bomb was then attached
to agitating means and immersed in a constant
temperature bath. The pentane isomerization
reaction runs 1 and 2 were carried out at a tem-
perature of 48.6° C. for a period of 45 minutes.
The hexane isomerization reaction runs 3, 4, 5
and 6 were carried out at a temperature of 30° C.
for a period of 2434 hours. When operating con-
tinuously we use a temperature of about 65° C.
and a liquid space velocity of about 0.2 to 0.6.
After remaining in the constant temperature
bath for the required time, the bomb was re-
moved and quickly chilled in a Dry Ice-acetone
bath. The bomb was then opened, the contents
decanted and fractionated.

Table
Runl|Run2|Run3|Run4{Runs| Run 6
Charge, weight Per cent: .
n-pentane__.__.___.___.| 99.0 | 55.0
.. n-hexane. ~|100.0 | 89.3 { 77.0 5.6
isopentane. 1.0[45.0 | 10.7 1 23.0 48.5
Product, weight .
isobutane 2.9} 0.5]26.4]250|20.0 0.9
n-butane. .. 1.4y LO| O g
isopentane. ..._._..._. 30.5 | 54.3|17.7118.2 | 19.5 46.8
n-pentane._ 28.1 1440 23] 2.4 3.0 0
neohexane 7.6 841104 2.5
isohexanes 19.5] 12 [{18.91133]129 14.1
n-hexane___... ' * 7.0} 9.0 3.1 35.7
heptanes--_.... 23.7122.7 | 22.1 0
Yield, percent __________ 41.5 | 84.5 (223.1 [327.0 (2315 | %105.1
' . .
mols, isomerized hydrocarbon Iormedxmo.

mols. n-hydrocarbon converted

2 includes nechexane and isohexanes.
As indicated by the foregoing data, where the
isopentane was present during the separate
isomerization of normal pentane- and normal
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hexane, the yields of isomerized hydrocarbons
were substantially increased. For example, in
run 1, where only 1 per cent of isopentane was
initially present during the isomerization of nor-
mal pentane, a yield of only 41.5 per cent re-
sulted. Inrumn 2; however, wherein the initial iso-
pentane concentration was 45 per cent, a yield
of 84.5 per cent was obtained. Likewise, in run 3,
where no isopentane was initially present dur-
ing the isomerization of normal hexane, a yield
of only 23.1 per cent resulted. While isopentane
was present in runs 4 and 5, it was not present
in an amount sufficient to suppress cracking as
can be noted by the large amount of butanes
formed. = Also, it can be observed that the yields
in runs 4 and 5 were only slightly higher than
the yield in run 3 where no isopentane was pres-
ent. In run 6, however, where the initial iso-
pentane concentration was 48.5 per cent, a yield
of 105.1 per cent was obtained. The yield of
greater than 100 per cent is attributed to slight
unavoidable errors in analytical determination.

This invention has been discussed with par-
ticular reference to certain embodiments and
specific examples, but. it is not limited to such
embodiments or examples except as defined in
the appended claim.

We claim:

A process. of increasing the isoparafiin content
of a light naphtha of the pentane-hexane boil-
ing range comprising separating said naphtha
into a pentane fraction and. a hexane fraction
consisting predominantly of normal hexane; ad-
mixing with said pentane fraction normal pen-
tane recycle and a proportion of normal pentane-
isopentane reaction mixture sufficient to produce
a normal pentane-isopentane charge mixture
consisting essentially of normal pentane and iso-
pentane and containing about 35 to about 45
per cent by weight of isopentane; isomerizing
said normal pentane-isopentane charge mixture
in the presence of an aluminum halide catalyst
and a hydrogen halide promoter in a pentane
isomerization zone at a temperature below about
70° C., said isopentane in said normal pentane-
isopentane charge mixture acting to inhibit
cracking of said normal pentane and being the
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only cracking inhibitor present in effectivé
amounts in said pentane isomerization zone;
withdrawing from said pentane isomerization
zone a pentane reaction mixture containing sub-
stantially more isopentane than was present in
said - normal pentane-isopentane charge mix-
ture and not more than about 60 per cent by
weight of isopentane; dividing said pentane re-
action mixbture into two portions; reeycling to
the pentane isomerization zone one of said por-
tions admixed with normal pentane as aforesaid,
fractionating the remaining portion into a cut
consisting essentially of normal pentane and a
cut comprising = isopentane; recycling normal
pentane from said fractionation to said pentane
isomerization zone; mixing with the aforesaid
hexane fraction a mixture of isopentane and
normal pentane recovered in said iractionation
and containing about 85 to 90 per cent by weight
isopentane in an amount sufficient to produce a
hexane charge mixture containing at least about
43 per cent by weight of isopentane; isomerizing
sald hexane charge mixture in the presence of
an aluminum halide catalyst and a hydrogen
halide promoter in a hexane isomerization zone
at a temperature below about 75° C., withdraw-
ing from said hexane reaction zone an improved
light naphtha, said improved light naphtha con-
taining unconverted normal hexane, a substan-
tial amount of isohexane, and a pentane content
consisting essentially of an equilibrium mixture
of normal pentane and isopentane.
BERNARD H. GWYNN.
CHARLES W. MONTGOMERY.
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