CHAPTER 2

REVIEW OF CATALYTIC ISOMERIZATION

Reduction of leQ \S}\ '!% to low 1levels, or its

elimination entlrely, 'Mt ium on the high-octane

' \he%m»e boost will come

plus the catalytic

But catalytic reform:

gasoline of requisite
octane number in the

-F"'I"

Additional process@g:,w@eqmred to produce high-test

isoparaffinic hydrg}rbons-
than their straight-chain counterparts, as shown in Table 2-1.
Therﬂ iJ memmgtw &Lm the production
of 1soparaff1ns ted insthe refine alkylation,
mraam ’] ﬁm M%q lm ﬂ q ﬂoutes are
catalytlc—conversmn processes, the last is a physical separation.
Isomerization of the normal-paraffinic material is looking
more and more attractive. Considerable attention is being shown to
Cs and C5—Cg isomerization. These compounds are too 1light for
effective catalytic reforming, and isomerization provides a big

octane boost, as shown in Table 2-1.



Table 2-1 Octane mmbers of paraffinic hydrocarbons
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2.1 Isomerization of C4 and C5/Cg Paraffins
Isomerization of C4-Cg paraffins (alkanes) is practised to

create more highly branched isomers from straight-chain (normal) or
lesser branched ones.

The first conmerc1al ? isomerization process unit went
on stream in late 1941. It w % n using aluminium chloride

as a catalyst, and 1t*wn&nhara er hlgh operating costs and

low on-stream efficieney, ot y tYpiE:'EI‘!ar all of the commercial

light paraffin isc ocesses ‘available at that time.

Ja ___lligply active, low temperature,

L, ;353‘ ﬂlﬂd! available to the industry in

1959. This catalyst sj B, jﬂh:. ls% rm ‘widely accepted by the

. -;‘é- of ﬁyevu‘v hgh paraffin conversion

at low temperature. More *te;;ﬁlt &@hnents of this same catalyst
v

system form the i:as:.s df/ ’1:'he uajﬁi‘\ﬂirt of ?rrent light paraffin

The major ystorical use of butane 1sgenzatlon has been in

refining industry,

isomerization pr 3sses

the production of i-€4 needed foruconversion of C3 and C4 refinery

olefins to mmm mmz of alkylate and
hence of i-C are needed as 1éad usage im»gasoline is®restricted.
AN DAY

oonjmction with the manufacture of MTBE and TBA, which are high
octane gasoline blending components particularly useful in lead—free
gasolines. The isobutane product is dehydrogenated to the
corresponding olefin and then made into the ether or the alcohol.
Unconverted butenes and n—-C4 can be recycled to achieve essentially

100% conversion of the feed butanes to MTBE or TBA.



The most widespread use of light paraffin isomerization has
been to improve the octane of the refinery light naphtha. Light
straight-run naphtha makes up 10-15% of the typical refinery
gasoline pool and a Research clear octane number of about 65-70.
In a once-through flow sch utilized in the low-temperature
isomerization process, the octm // pentane/hexane mixture can
be boosted to aroum%:ss ms‘-:-mm adds around 1.5-2.5
octane numbers to <the Gass pool Ma recycle flow scheme,

‘ r fl f""‘-"around 2.5-3.5 octane numbers to

that can be formed in*g_s f? over the catalyst. Low
temperature faVOSS hlgher" obnversib{:ﬁ"ff ﬁrfffms to the desired
branched --a::" ’am“-“""“-'—"" 2arc has been for catalysts
with high act1v1g to permit a close 3 roagj to equilibrium at as
low a temperature fas, possible. @Such extremely active catalysts
(allowing w@auﬂeg n&m mm Qeﬁeedstock be free
of cont.amlnants while les§ active ones (500-650-°F operating
are used commerrially.

The chemical equilibrium, which is independent of pressure,
is shown in Figure 2-1 for C4 and C5. Actually, there are three
possible Cg isomers, but neopentane (2,2-dimethylpropane) occurs
only to a very minor extent naturally in petroleum and, since no

commercially used catalyst is capable of forming more than trivial
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Figure 2-2 Cg Fraction Equilibrium Plot



amounts, it is omitted from the graph. Figure 2-2 displays the
equilibrium among the five hexane isomers and includes the
equilibrium between cyclohexane and methylcyclopentane, because
these are significant, although minor components, in the usual Cg/Cg
mixture subjected to isomer Because of nearly identical
octane numbers, only \g D yl- and 3-methylpentane is

shown.
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2.3 Feed Composition
Units announced to date charge either C4, Cg, Cg, or C5/Cg-

s

§
. S

While there is nothing concerning any type of catalyst that
precludes simultaneous C4/C5/Cg isomerization, this mode of

operation is less than optimal. For a reasonable reaction rate, Cq
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requires a higher temperature than the optimum for C5/Cq. Somewhat
more than usual Cg hydrocracking would be encountered when
processing C4-Cg, or else less than maximum C4 isomerization would
have to be accepted. If all three must be isomerized, it may be
cheaper to accept some compromise in performance than to build two

separate isomerization units.
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This theory was tested by Weisz and Swegler (Voorhies and
Bryant, 1968) who prepared a dual-function catalyst by mechanically
mixing particles of silica-alumina (isomerizing component) with
particles composed of platinum (dehydrogenation-hydrogenation

component) supported on an imert support. Provided the particles

;‘r

were small enough (less

s mixture was as active as
were catalysts prepar
particle. The
activity when tested 3
two types of sites
intermediates weré able f 18 rough the gas phase, from one

type of catalytic si

ri-Heptane

Isoheptane

s -Al 203 particle

9 W@ﬁ*&ﬂ"%"w S0 71 By B

Flgure 2-4 Transport Pattern of Reactants in n-Heptane
Isomerization Catalyzed by a Mechanical Mixture
of Particles, Each Containing Only One Catalytic

Function.
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2.5 Catalysts
Various bifunctional catalysts containing noble metals like
Pt and Pd over various supports such as silica-alumina, chlorinated

alumina, and crystalline aluminosilicates(zeolites) have been widely

studled and proven to high isomerization selectivity.
Thermodynamic cons:.derat; l@/ ion reactions reveals that
the lower the reactm-n;r.enpe_;at greater the increase in

ted‘ﬂum base catalysts, which

t‘a,n‘es (3831253 K), are found to be

3 ‘W these catalysts represent
susoept:.ble to deactivation,

and their usage
noble-metal-loaded adid 2 eoy,ﬁes ‘gjhfree ‘fﬁam this drawback and can
be operated at relatlvel)"-,m te@.\res (Kouwenhoven, 1971). Pt
and Pd supported 3ver fauj"asrte .t m‘ mor%emte in decationized
—"
isomerization actyity and selectivity in a number of cases (Rabo,
1961; Voorhies, 1968; ~Beecher, 1969, Hopper, 1972; Ribeiro, 1980).
A number cﬂ uﬁlwﬂw ‘i mﬁtlon of C5 or Cg
paraffins usmg bifunctional Catalysts are reported (Minachev, 1976;
Chlck‘;lﬁ )’]}ﬁt\lmm\um mg ’1 aegl)d.lf ication
and mprovement of the isomerization and the reforming of catalysts
containing noble metals over zeolites.
A major difficulty in isomerization of n-paraffins with more
than six carbon atoms is their pronounced tendency to cleave
(Ciapetta and Hunter,1953). Acidic catalysts lacking a hydrogenation

component, e.g., Si05-Aly03 (Plank et al., 1957) or REHX zeolite



13

(Nace, 1969) as well as Dbifunctional catalysts with a weak
hydrogenation component, e.g., sulfided Ni/Si0O»-Al503 (Flinn et al.,
1960) or WSy/Si0Op-Aly03 (Archibald et al., 1960) fail to isomerize
long-chain n-paraffins to any significant extent. On the other hand,

high selectivities for isomeri ion of, e.g., n-decane, n-dodecane,

or n-hexadecane could be achie ‘ ium degrees of conversion

with several plati nal catalysts. Examples

T——
are Pt/SiOz—Alea W

Weitkamp, 1972), &

4), Pt/Ca¥ (Schulz and
eijns et al.,1981).

are available for
license over the are designed for the
isomerization of butane Ié othi are t ilored for the conversion

of pentanes heavier mate The ‘ s are listed in

AUEINENINYINT
QRIAINTUUNIINYIAY



14

Table 2-2 List of Isomerization Processes Available for License

sal 0il Products Co.

V#ym
Butomerate e 0il Co.
Catalytic I Petroleum Co.
| . \ 7
% Union Carbide Co. and
" i._ l.- ~ \

Isomerate J N | 4 The Pure'0il Co.
| ‘ ish Petroleum Co.Ltd.
d 0il Co. (Indiana)
Development Co.

al_0il Products Co.

At -; c Refining Co.
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