Many studies Q{\\"ﬂ % rization of paraffinic

hydrocarbons over n Sat e been done extensively.

These catalysts metals deposited on an

acidic support properties of these

catalysts depend rsion of a metal

b, el 5o bad ‘i,_ne aluminosilicates
(zeolites) were ed “becanme ilable, their specific

properties (ion ex rption capacity,crystalline

structure with regular pam of molecular size) were utilized to

Voorhies and‘Bryant (1968) studied the hydroisomerization of

n-pentane oau Eleg w &Lms’j W'EJ ’IQQA that the most
active zeollte hydroisomerizdtion cat t found dutting the course
or « QL) ALY SIAALIAELLAL] v

mordemte. The high activity of hydrogen-mordenite catalyst was also
reported by researchers of the Shell 0il Company. Typical conditions
used in this study are 550°F, 450 1b/in? gauge, 8 grams of n-pentane
fed/hour/gram of catalyst, and a hydrogen/pentane molar ratio of 3.4.

Process-variable studies have shown that neither gas to particle

019251
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mass transfer, intraparticle (macro-pore)diffusion, nor the chemical
reactions at the palladium sites are rate limiting. The data can be
correlated by a mathematical model based on the assumptions that a
first-order, reversible isomerization reaction on the mordenite

acidic sites is rate—controll}rp and the apparent rate constant is

an Arrhenius function of the t : of the system. The pressure

dependency of the rem rate coné‘ls consistent with a dual-

site mechanism and i adsorptlofi ‘isotherms.

Beecher and . QS&S) reported that a synthetic

hydrogen-mordenit: » .mﬁh and without a dispersed noble
metal, had the _ h1g§ isonenzatlon activity. This
unique crystalline z lltﬁ" wﬂ:fmlt mtil was investigated by
using the five 1somer10* ﬁexanes @veiop a kinetic model. Other

paraffins were tefted arﬁ* for n*pbnti'ii J.son?nzatlon the nonmetal

_"y,he metal-containing
hydrogen-mordemtg_,l But for n-heptane 1somerlzatlon the nonmetal
hydrogen—mordem.te ¥ was essent:.au.y J.nactlve whlle the metal-
containing Ei':t&m.té sdoﬁbﬁ e.icﬁilemt 1tdh$rﬂzamcn and hydrocracking
act1v1ty Process—varlable studles wers made w1tl§ n—hexane over
synthe@ldf Xydi:dbbn%rﬂeﬁub} bg“telktmb at vérh.eus sphde velocities,
temperatures, and pressures. The data obtained at various space
velocities were correlated by using a first-order, reversible
isomerization reaction model. The calculated reaction rate constants
fitted an Arrhenius function of temperature with an apparent

activation energy of 24.4 kcal.per mole. The effect of pressure on
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the reaction rate constant was again consistent with the dual-site
catalytic mechanism and the Langmuir adsorption isotherms.

Bolton and Lanewala (1970) investigated a mechanism for the
isomerization of the hexanes zeolite catalysts. The isomeriza-—
tion of the hexane 1some\rs ‘HK ; at low conversion levels

using a palladlmn—lo&zeol‘}te :é!st The primary products

m%ld not be explained in

*;gnent of a carbonium ion interme—
i :

-

derived from the i
terms of an intr
diate. It was o somer i -ion was invariably accompanied
duc were not consistent

ecules. A bimolecular
fily explains both the

=, =
Hosten angy Froment (1 1ed Lj.he isomerization of

n-pentane on a commercial reforming catalyst (Pt/Aly03) in an
isothermal, M w&mm qmiﬂuence of total
pressure, molar ratio of hydfogen/hydroarbon chlokine content in

- 70 a3 05 U TR

of 375° to 425°C. Reaction rate equations of the Hougen-Watson type

were derived on the basis of the generally accepted mechanism for
skeletal isomerizations. Discrimination among rival models was based
upon significance tests for the overall regression and for each

parameter separately. The experimental data were treated by both the
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differential and the integral method of kinetic analysis. Linear and
nonlinear least squares techniques were used in the parameter

estimation.
Sakai et al.(1975)inwv: ed kinetically the isomerization
of heptane isomers namelyh and 3-methylhexane, 3-ethyl

pentane, and 2,3- and.methxlpem'er a palladium-zeolite

- '_,4 *:r"""-‘-F‘
obtained expenmel&al resufts. /i i {J

Saito and Iwasaki (1976) studied ‘the isomerization of
pentanes o catalysts. This
reaction w. ﬁdﬁﬁ?ﬂ%a flow system at
1-50 m a’ ed by ion

= pO TN

isopentane and that of isopentane to n-pentane were accompanied by
disproportionation to hexane and butane isomers, hydrogenolysis to

lower molecular weight paraffins, and isomerization to neopentane.
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Braun, Fetting, and Schoeneberger (1977) reported that
Pt/Ca-Y zeolite, Pd/Ca-Y zeolite, Pt/H-mordenite, and Pd/H-mordenite
were the most active catalysts for hexane and pentane isomerization.
Re-, Ir-, and Ni-loaded catalysts were less active. Kinetic studies

showed that intraparticle mass t fer limitations in the secondary

pore system were mgn;.;i&\ //Ca—Y zeolite, but not for
Pt/H-mordenite. -::"'i;_ 2 ,’.;:-—'

"':\f:(_1977')--‘ _zeported that the rate of
cracking of he d E‘Tg"* ' \,at Bzﬂtlal pressure 1 atm
; P t wag increased, the rate of
$ 5 B ot The zate of
catalyst deactivation i _, te of cracking.

that at 1low pla?},mnn ntents, effeé: of platinum on the
catalytic activity of ~Pt/H-Y and Pt/H-M was beneficial: platinum
slowed coke @Mﬂl’g 3‘3 Henﬁawmlmﬁaemlysm of coke
precursors oanthe metal were hegligible.suAt higher platinum levels,
tnts AN ebldteliadod W EebelSleihon of coke
orginat?lng from the metal. The test reaction used was hydroisomeri-—
zation of hexane.

Aodul-Gheit et al. (1982) studied the effect of promoting
gamma—-alumina before and after calcination at 1130 K and silica—

alumina with 0.35%(w/w) Pt and/or 3.87%(w/w) Cl upon the selectivity
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of n-heptane isomerization in a high pressure continuous flow
reactor. They have found that chlorination of Pt on Y-alumina
increased its catalytic activity but decreased its isomerization
selectivity, whereas chlpri.nation of Pt on r-alumina calcined at
1130 K enhanced both activity an lectivity. Pt on silica-alumina
was the most active but the ive among catalyst contain-

ing Pt plus Cl. The 1au:i‘the sgfac& of a support, the larger

the dispersion of P dlspem distribution on the

support increased ubzegnatlon was associated with

chlorination. The'is ivity, of a catalyst did not

The transfonnatior;j of n-hexane was ig-g‘ out under hydrogen
pressure, on platinum/meordenite and platinum/Y-zeolite with platinum
areas rangmﬂ u EJ—? Mgg_i nﬁﬂﬁla § can be expected
from the conventlonal bifunctional process, the isomérization acti-
vity g w ;l@ iﬂmmﬁl‘luﬂ-&ﬁﬂm areas
and almost independent of it for large platinum areas. However, the
primary products of n-hexane and 3-methylpentane isomerization were
notably different: the selectivity of platinum/Y-zeolite with the
platinum area equal to or more than 0.5 m2 g'l was typical of a
bifunctional reaction with, as limiting step, the skeletal isomeri-

zation of intermediate olefins; that of platinum/mordenite, even
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with a platinum area equal to 15 m® g~!, remained intermediate
between those of platinum-free zeolites and large platinum area Y
catalysts. These differences were clearly related to the higher
activity of platinum/mordenite, to its lower hydrogenation activity

as well as to diffusional llmlj;?;lons in the practically unidimen-

vaE’fIgatd the hydroisomerization
ﬁ-mordemt and a Pd/H-faujasite

sional porous structure of méd

Spivey and
of n-Cg and n-Cg
catalysts. A diff ‘ous belhvmr was observed on
each catalyst in ‘ : es relative to the conver-
sion of pure : ./ stati st ical i ysis of various Langmuir-
Hinshelwood type h rization rate constant

show that this behavior abcaﬂ'd bé’ged to the adsorption parame-

P }.:_. T4 4 e,
ters of each SYﬂgm. et e v Y o = : -
- £J

Y —‘a

——— "
u: L _'_MJ

Weitkamp (‘1}82) i mn&ization of long-chain

n-alkanes on a Pt/Ca-Y zeolite gatalyst. In this study the pure

n-alkanes &Wéﬂ'g NN SUYN B we e 700

zeolite catalyst in the preserice of hydregen. A detailed analysis of

Ph1liod Garhed |vab okhibued br|capit ety Gldh| 09 to ca. 4ot
conversgon, isomerization was v_irtually free from hydrocracking, but
at elevated conversion severe hydrocracking occurred. At low conver-
sion monobranched i-alkanes, i.e., methyl, 'ethyl, propyl, and butyl
isomers, were formed exclusively. Dimethyl isomers were formed in

consecutive reactions. The rate of formation of 2-methyl isomers was
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surprisingly low. This effect is shown to be consistent with a
branching mechanism via protonated cyclopropanes while it cannot be
explained by a classical mechanism via alkyl and hydride shifts.

El-kady, Menoufy, and (1983a) studied the isomeriza-
tion of n-heptane over ysts supported on silica-
alumina. They have fou t containing 0.4% Pt was

the most active and-d'f{ 1&%heptane isomerization.

The increase in mtﬂmMW& the number of

the isomerizatis

catalyst surface

reaction temperature 'axﬁ___tm:'al '@gen pressure affected the
hydrmsomer:.zatlo& act:.vn:? 'of the‘f"?:'ﬁt'ilut f.o different extents.

maximum at 375 ©c,

it dropped sharply Jt higher tempe atu es. Injjddition, the isomeri-

zation activity of¢ the platinumo.catalyst increased as the total
pressure mé%uﬂ %e%ag mm mersion depended

on the partlal pressures of j and n-heptane. At lower Hyp partial

presauts, | tnd i hdel sikehned 18 rbportion k- partia

pressure of n-heptane. As the partial Hy pressure increased, the

reaction decreased. A total hydrogen pressure and reaction
temperature of 45 atm and 375 ©C, respectively, were selected as

the most favorable for n-heptane isomerization.
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El-Kady, Menoufy, and Hassan (1983c) studied the reaction
mechanism and reaction order of n-heptane isomerization. They have
found that the mechanism of hydroisomerization went through an

olefin intermediate formation on the hydrogenation—dehydrogenation

sites. The concentration of olefin depended on the initial
partial pressures of hgth and Hy. The reaction was
considered to be a first or o_se actlvatlon energy equal
to 24.3 kcal.per mo7 | “"“'—

Ribeiro (1 '13353;&* the behavior of the catalysts

g Lﬂd%)&a\l@ of n-hexane and concluded
W,

fizn’ﬁ act /ity and selectivity for the

Pt/HM and Pt/HY i
that Pt/HM had a

dimethylbutanes of 1I'hese properties could

r4
A F )
=" xidl —

Giannetto, Jerot, and Guisne 86) studied the transforma-

tion of n-heptane at?250°C, 1 atm, and Hp/heptane pressure ratio = 9

on a senﬁ u &L&Yﬂaﬂlmmlin 0.1 to 1.5 wt%
platinum and hav i/Al atofic ratios 6f 3, 9, or 35/ The activi

o QAN LN N A AL
governed by the number of their acid sites (na) and hydrogenating
sites (npt). np is defined here as the number of acid sites on which
the adsorption heat of NH3 is greater than 100 kJ mol™1 and npy as

the number of accessible platinum atoms. For na/npy<10 (i.e., with

catalysts with about 1 wt% Pt and Si/Al atomic ratio of 9 or 35) the
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formation of monobranched, bibranched, and tribranched isomers and
cracking products was a step by step process. Such catalysts
presented the best possible hydroisomerization selectivity, the
cracking products appearing only at conversion rates of over 50% and
the yield in isomers r ing, 65% for a total conversion rate of
75-80%. Thus they could :ﬁ?%as "ideal hydroisomerization
catalysts". — -‘!—-—'

Mahos,

isomerization o

mordenite catal ica-alumina ratios over a wide

o
g

range of operat _ft:i:ﬁns‘.‘;;; on experimental results and
PSRl
simple statistical idg' 16&,‘ a;sical mechanism appeared

a

-
4 a
——
TR

-

t clopropane one. An apparently

- -:-‘ '
interpreted in vigg of a "modified"

o . A
Nas@iu 8(98%] ﬂﬂim qr@!ﬁmrization of
cyclohexane qjand n-heptane usi Ni-Moand Ni-W catalysts supported
- AFIANTUUIDAVIELISEL, corr o
influence of hydrogenating site of bi-functional and of n-butylamine
on the hydroisomerization of cyclohexane and n-heptane. The observed
data show that a high activity of hydrogenating site of of bi-
functional catalyst, tends to increase the catalytic activity of

hydroisomerization reaction and n-butylamine acts as catalyst poison,

which reduces the isomerized products.
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Shil and Bhatia (1986) studied the isomerization of n-hexane
in the presence of excess hydrogen at 643 K in a flow reactor over
Ni/Ca-Y (nickel on calcium Y type faujasite) and Ni/H-M (nickel on
hydrogen-mordenite) catalysts. Catalysts were prepared by ion
exchange, and nickel concen

Nickel crystallite size Q]Str\

F ion was varied from 1 to 5 wt%.

i /& affected by the degree of

’pé‘pation present in zeolite.

nickel exchange and '!;:ltype .ff '
N @ﬁaﬂ maximum isomerization

Ni/Ca-Y containing-a788 wt . ni
activity and sel ' ‘ eatalysts\§howed lower conversion

and activity
and the prese

S s?zg nickel crystallites. The average

A t‘!?d wusing electron microscopy

i f <)
oy |

nickel crystallite Si

B

i
]

=g \
and X-ray line-broade gt i“somerization activity of

-
-4,

nickel over the zeoIité’éi";—iéé : : ly due to the interaction of

small nickel crysﬁallitéé-';; "’aFrﬁ bhe“%ﬁ.[&“iaﬂ fntities of the intra-

zeolitic mﬂm{;ﬁb
J . e LJ |

Zou (1986) dinvestigated thes/preparation and properties of a

series of s@]w']c%l H%EOWEJ &ﬂlﬁa/sog- catalyst,
A AT

heptane was 75%.

== U

Aboul-Gheit et al. (1987) investigated the hydroconversion
of n-heptane in a high-pressure continuous plug-flow reactor system
using catalysts containing hydrogen mordenite (HM): Pt/H-M, Re/H-M,

PtRe/H-M and PtTh/H-M. Pt/H-M was found most selective for n-heptane



26

isomerization, whereas PtRe/H-M and PtTh/H-M possessed comparable
intrinsic isomerization activities and excellent central hydrocrack-
ing selectivities. PtTh/H-M gave the highest i-Cy/n-C, ratio. The
Thiele modulus and effectiveness factor were calculated as diffusion
parameters over the temperature range studied (250°-400°C) for
all catalysts. A correlation ' é{ ese parameters with catalytic
behaviour shed some f on tl}f m@ of metals during catalyst

to migrate away from the pore mouth

preparation. Platimum™ ap
to the pore inte

Anderson

: (;aJSns. (1987) investigated the hydroge-
earrangéﬁent reactions of n-hexane on Pt

..U' J‘}* L]

nolysis and ske

the product distribution’ *Was dep@lt on the choice of support but

that Pt/titania catal*ist% < iny Bﬁ" :‘ibrmal" tate were similar to
b

-

Pt/titania catal sts 1In the "'strong

interaction" (SMSI)

state. It was o§erved that in the SMSI s?hte, when more than 99%
of the Pt was maggessa.ble to hydrogen, the act1v1ty was only
slightly reﬁicéd S\#Ptlisﬁﬂl‘% t;he tdléctiwlty for hydrogenolysis
versus skeletal 1somerlzat10n was almost the sama J.n normal and
in SMSI Qtalmtsu -: Thh msdl*ts providbd wmeﬁde that the same
active center was involved in both the hydrogenolysis and the
skeletal rearrangement reactions, and do not support the contention
that hydrogenolysis required a larger ensemble of Pt atoms than
skeletal rearrangement. The results were interpreted in terms of an

active center consisting of a single Pt atom located in the planes
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of the small Pt crystallites. The precise selectivity observed might
depend on the local environment of the Pt atom during the sojourn of
the n-hexane molecule on the active center.

Rodriguez-Reinoso et 987) investigated the isomeriza-

tion and hydrogemlys:.& of

ported on actlvated_m A ‘gﬁoi carbon-supported Pt

p:ﬁum\and methods and cover-

r 1&p (0.08-0. 51) were studied in the
| og@‘?‘ 'hpse nere basically hydrogeno-

over platinum catalysts sup-

catalysts prepared
ing a wide range o

reaction of n-butane

lysis catalysts

s “adey
case for isomerization. Tfn:selec@ for hydrogenolysis increased

‘iri".....

with decreasing nmean PE' part”icle siu‘ 1}9 apparent activation

energies for th& two :iiu (la [ /isomerization) were

independent of pang,lcle size. 1)
wB}UE m ui’m;m, ki
T R

dehydrogenation and acidic properties. Pt catalysts modified with

Ce,Sn, and B were even more selective.

Vazquez, Escardino, and Corma (1987) studied the hydrocrack-
ing and hydroisomerization of n-heptane on a series of Ni-Mo/HY

zeolite catalysts at 300-350°C reaction temperature and 25 kg.cm‘2
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of total pressure. The product distribution in the isomerized
fraction and in the cracked fraction has been discussed from the
point of view of a typical bifunctional mechanism. It has been
found that the Ni/(Ni+Mo) atomic ratio of the catalyst has a strong
influence on the activity, is found for a Ni/(Ni+Mo)=
0.5. The selectivity of hﬁl@zauon, hydrocracking, and
hydrogenolysis also Mm me ) ratio and any of them

coxﬂdbemaxmuz/‘

and the acid functio

tel_ W of the hydrogenating

‘.]‘

A )
Abbot tudied catalytic reactions

of n-hexane on H-Y "z e;éamination of initial

product selectivities ecular processes were

.-’ —
e
.

s

dominant. These J.ncluded‘

b, ﬁ- i

-

and skeletal i i 2 B'imoiecular ra

for only 5% of th _ : - selectiy fethane was identified

—] ‘
as an initial react_ion product, but its formaﬁon was due to concur-

rent thermal sﬁj 1‘ ; observed only as a
secondary pr@ oﬁﬁﬁm fitted by a
klnetl iﬁﬁ

Cg—C16- i mﬁ iﬁs ﬁﬁm rptlon of

reactants was strongly inhibited by product olefins. Addition of
small amounts of olefins to the n-hexane feed had no accelerating

effect, which did not confirm results of previous studies.
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Chen, Martin, and John (1988) reported that the
hydroisomerization of hexane to methylpentanes and dimethylbutanes
was inhibited by the presence of aromatics (CgHg, p-xylene, and
mesitylene) in the feed, probably because of blockage of the pores

\//
2

transformation of ' ‘2 o°c, 1—"ﬂﬂ'ﬂnd Hp/heptane pressure
ratio= 9 on a seriés qf'Pi nf £ "ita cahal‘l:s(Pt/HOFF) containing

in the zeolite catalyst.

Giannetto, t (1988) studied the

from 0.06 to 1.25

than 90%. Adsorptie6 \{mt piatmum did not modify

the crystallinity '\q ﬁlockage of some of the

large channels. is" eX¥plained platimm had only a slight

positive effect on the fxate of ‘n transformation. The
reaction products. Jcan be'ai\';{ded fm“@?%e (i)linear cracking
products formed E' inite cages and i: the large channels

- —“] -
inaccessible to bryched ause Léf the platinum (their

distributions, 55-60 mol% 3 30-35% n-C4, and 5-10% n-Cg) can be

eoncoms w8 AUEN TR o
- a"ﬁiﬁ?ﬁﬁuﬁﬁ AV 1iaF: | p—

Mahos, Nakamura, and Niiyama (1988) studied the effect of
heptane isomer cofeeding on heptane isomerization over a platinum-

loaded mordenite catalyst. A monobranched (3-methylhexane, 3MH), a
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dibranched (2,3-dimethylpentane, 23DMP), and a multibranched (2,2,3-
trimethylbutane, 223TMB) heptane isomers were separately added to
heptane feed, and the reaction mixture was converted on a platinum-
loaded hydrogen-mordenite catalyst. The cofeeders were chosen so as

to represent typical isomeriz oducts, at concentrations close to
those obtained in the ¢ : w pure feed. The reaction of

tJ.ons The presence of

3MH or 223TMB did hereas a multiple effect

was obtained by 23DMP , the reaction was
found to proceed au s were interpreted in
view of a mass-tréns pechanism and the ease of the cofeeder for
carbocation formation. iderations, the effect
of contact time o ssed, and potential

practical applications
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