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Abstract—The skeletal isomerization of C,-C, 1-olefins was studied on ferrerite (FER) and ZSM-5 (MFT) zeolites
to elucidate the effect of the molecular distribution in zeolite pores on the selectivity for iso-olefin formation. Regardless
of the difference in molecular length of 1-olefins, the FER zeolite showed high selectivity for ise-olefins, while the
selectivity became slightly low at the skeletal isomenzation of long olefin molecules. The drastic deciease in the
selectivity of MFI zeolites by increasing the conversion is concurrently observed in the skeletal isomerization of C,-
C; 1-olefins. The high selectivity of FER zeolites is explained by their sparse distributions of olefin molecules in pores,
which induces a high preference for monomolecular skeletal isomerization.
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INTRODUCTION

Skeletal 1somerization of #-butenes on varous solid acid cata-
lysts has been studied in regard to the selective production of iso-
butene, which 1s a raw matenal of methyl fer#butyl ether (MTBE)
used as an octane mumber booster [Choudhary et al., 1974; Butler
and Nicolades, 1993]. In addition to this economic objective, the
fundamental cause of the exceptional selectivity of fernerite (FER)
for iso-butenes is also a particularly interesting research topic. The
report on the phase-out of MTBE from gasoline due to its contam-
mation of ground water reduces considerably the ndustrial mterest
in skeletal isomenization. However, investigations about the molec-
ular behavior of butene molecules in FER zeolites resulting m ex-
ceptional selectivity are still being confited [Lee et al,, 2000, Asen-
si and Martinez, 1999].

Suwce the skeletal 1somerization of #-butene competes with its
dimerization, selectivity for iso-butene is largely dependent on the
suppression of dimenzation which produces various hydrocarbons
via cracking. Molecular dynamic simulation assumed that most bu-
tene molecules, either n-butenes or iso-butenes, were sparsely dis-
tributed on the FER zeolite at its cavities formed along 8-ring chan-
nels [Jousse et al., 1996, 1997; van Well et al., 1998; Seo et al.,
1997] Stabilization m cavity and high potential for transfer to other
cavities reduce intermolecular colhsions, the essential step of dimer-
1zation, resulting i the exceptional selectivity for monomolecular
skeletal 1somernzation Therefore, distant distribution of the adsorbed
butene molecules 1s considered to be the fundamental cause sup-
pressing the dimerization of butene molecules [Seo et al., 1998; Kim
etal., 1999].

However, there i1s no meanmgful restriction for the distribution
of butene molecules in the ZSM-5 (MFT) zeolite [Seo et al., 1997].
Furthermore, the potential barmer for the transfer of butene mole-
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cules along the MFI zeolite pore 18 quite small compared to FER
and clmoptilolite (CLI) zeolites. Thus, the low selectvity on the
MEFT zeolite 1 considered to be caused by the close distribution of
butene molecules, prefernng to form dimers which easily crack into
various hydrocarbons on acid sites. The in-sifu IR study illustrates
that polymeric species are fonmed from adsorbed butene molecules
on the MFT zeolite, while fast desorption of butene molecules from
the FER zeolite assumes a monomolecular distribution [Seo et al.,
2000]. Since molecularities of skeletal isomerization and dimeriza-
tion are different as mono and by, respectively, molecular distnibu-
tion of butene molecules m the zeolite pore takes on the role of de-
termining the selectivity for skeletal somerization.

Since the cavity size of the FER zeolite is about 7 A [ven Well
et al., 1998], distribution patterns of C,-C, 1-olefin molecules
pores may vary with their molecular lengths. Sparse distribution of
olefin molecules, such as a molecule per cavity, can be expected
when olefin molecules are sufficiently smaller than the cavity size.
Large olefin molecules are not confined m the cavities; thus, their
distnibution patterns are not uiform as butene molecules. Never-
theless, the repulsion between adsorbed large olefin molecules as
well as the restriction due to cavity struchwe of FER zeolite reduces
the adsorbed amount of lage olefin, brnging about also its sparse
distribution.

On the other hand, low selectivities for the skeletal someriza-
tion of C,-C, 1-olefins are consistently anticipated on the MFI ze-
olite, regardless of thewr molecular lengths. The sufficient cross-sec-
tional area of an MFT zeolite pore for hinear olefin molecules to dif-
fuse n does not impose any meanngful constramt on the distribu-
tion of olefin molecules. High preference for close distribution,
therefore, accelerates dimerization producing various hydrocarbons
via cracking.

This work deals with the skeletal 1somenzation of C,-C, 1-ole-
fins on FER and MFT zeolites to elucidate effects of the molecular
length and pore shape on the reaction preference of olefins. Since
large olefins have high cracking probabilities without forming di-
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mers, the lowermg of the selectivity for monomolecular skeletal
isomerization with an increase in the molecular length of olefin is
mevitable. However, a decrease m the activation energy for the m-
termediate formation of skeletal isomerization with an merease in
the molecular length of 1-olefins brings about enhancement of the
selectivity. The effect of molecular distiibution on the prefererce
for the monomolecular reaction, therefore, i1s difficult to discuss
quantitatively. The fact that the selectivity dependence on molecu-
lar length of 1-olefin 1s different, however, accordmg to zeolite pore
structures will be a valuable piece of information for the catalytic
effect of molecular distribution on zeolite catalysis.

EXPERIMENTAL

1. Preparation of Zeolite Catalysts

The FER zeolite was synthesized through a hydrothermal reac-
tion [Seo et al, 1996], and the MFI zeolite was purchased from
ZEOLYST. H-form zeolites were obtained by ion-exchange with
0.5 M ammomum nitrate (NH,NO,, Fluka, 99%) solution, and fol-
lowed by calcination at 550 °C for 5 h. The contents of silicon and
aluminum were determmed by ICP (Jobmn Yvon Co., TY. 38 plus).
The numbers m the parentheses of FER(7.5) and MFI(25) zeolites
denote their Si/Al molar ratios.

2. Characterization

BET surface areas of zeolites were calculated from mitrogen ad-
sorption isotherms obtained at the liquid nitrogen temperature by
using a home-built vohanetric adsoiption apparatus. Catalysts were
evacuated at 300 °C for 2h prior to nitrogen adsorption. Particle
shape and size of zeolites were exammed by usmg SEM (JEOL
JSM-5400).

The acidic propeities of the zeolites were investigated by the tem-
peratwe-programimed desoiption (TPD) of ammora. Zeolite sam-
ples were activated m a helm flow at 550 °C for 2 h and saturated
with ammomnia at 80 °C through the mjection of ammoma pulses.
Physically adsorbed ammorma was removed by puging with a he-
lium flow of 200 ml-min™ for 2h. Ammonia was desorbed by in-
creasing the temperature of zeolite bed with a ramp of 10 min™ and
was measured by a thermal conductivity detector (TCD).

The desorption behaviors of adsorbed 1-pentene (Aldrich, 99.0%),
1-hexene (Aldnch, 97.0%) and 1-heptene (Aldnch, 97.0%) were
monitored by an FT-IR spectrophotometer (BIO-RAD, FTS175C)
with an in-situ cell made by GRASEBY SPECAC, as that of 1-
butene described elsewhere [Seo et al,, 2000]. A self-supported wa-
fer of a 10 mg zeolite was evacuated under a vacuum of 0.03 Pa at
550°C for 30 min and exposed to 30 kPa of 1-olefin vapor at 30
°C for 30min. The catalyst was evacuated at 30°C for 10 min to
remove physically adsorbed 1-olefin. Upon heating to 550 °C under
evacuation with a ramp of 16 °C-min”, IR specira of adsorbed 1-
olefin on zeolites were recorded on an absorbance mode. The scan
range was 1,300-1,600 cm™ and resolution 4 cm™.

3. Skeletal Isomerization of C,-C, 1-Olefins

The skeletal isomerization of C,-C, 1-olefins was performed by
using an atmosphenc flow reactor system described elsewhere [Seo
et al, 1996]. Catalyst of 0.02-03 g was chaiged in a stainless-steel
tube of 1/2" 0.d and activated in an argon flow at 550°C for 2h
1 -Butene (Praxair, 99.7%) was diluted with argon to have an argon/
1-butene mole ratio of 2.0, and the diluted 1-butene was fed with

15 ml-min” rate. Diluted 1-pentene, 1-hexene and 1-heptene with
the same molar composition of the diluted 1-butene were obtained
from a bubbling aigon flow through correspondmg hiquids m a va-
porization-chamber. Partial pressure of the olefin n the feed was
adjusted by confrolling the temperatiwe of the vaporization-cham-
ber.

Gaseous products were analyzed on-line with a gas chromato-
graph (Varian Aerograph 1420) with a sebacorutrile cohunn and
TCD. An ice-water bath wes used to collect liquud products. Liquid
products were also analyzed with a gas chvomatograph (Donam
DS-6200) with a capillary colunn (HP-1, 0.2 mm > 50 m) and flame
ionization detector (FID). Since deactivation of the FER(7.5) and
MFI(25) catalysts m skeletal somenization of olefins was not sigm-
ficant, products were analyzed at the same tune on stream regard-
less of zeolites and reaction conditions: product compositions of
gas were obtamned after 4 h and liqud products collected during one
hour from 3 h were analyzed.

The product stream of the skeletal isomerization of 1-tutene con-
tans almost all of the hydrocarbons from C, to C,, although C, ole-
fins such as 2-butene and iso-butene are major products as well as
1-butene. Product compositions obtamned from the skeletal 1somer-
1zation of higher 1-olefins become more complicated. For exam-
ple, the products of 1-heptene contain various C-C, hydrocarbons,
especially many species of iso-olefins. Therefore, the conversion
of 1-olefin and the selectivity for iso-olefins are sunply defmed as
below, based on their mole numbers written in parentheses:

_(1-olefin),,, —(#n-olefins)

Conversion (%) = (1-olefin) ient e 100
- Vfead

Selectivity (%)= (i50-0lefin) pom

~(T-olefin),., ~(r-olefins) gy < 00

Linear n-olefins 1somenzed through double bond migration from
1-olefin are not comsidered as products of skeletal 1somerization,
because the double bond migration among n-olefins is relatively
fast compared to the skeletal somenzation. Furthenmare, n-olefins
can also be isomerized skeletally to iso-olefing, as well as 1-olefin.

RESULTS AND DISCUSSION

1. Characterization of Zeolite Catalysts

The particle size and Si/Al molar ratio of FER and MFT zeolites
are preferred to be similar in the study of pore structure to mini-
mize the conimbution of other factors: acidity and diffusion How-
eves, it is not usually possible to obtain zeolites with good sim-
ilanities m SYAl molar ratio and particle size, since the compositions
of synthesizing gel and carystallization conditions are different accord-
mg to zeolite species. Fig. 1 shows the SEM photos of the FER
(7.5) and MFI(25) zeolites used m this study. The FER(7.5) zeolite
15 composed of large particles, particularly with a specific shape,
whereas the MFI(25) zeolite 1s made up of small particles without
any specific shape. We had tned to prepare MFI zeoltes of large
particles with a certain specific shape to enhance the effect of pore
structure, but MFI zeolites with large and specific-shape particles
were obtawted only when their SYAl molar ratios were around 100.
Therefore, we used a commercially available MFI zeolite with a
low Si/Al molar ratio having a sufficient amount of acid sites.

Korean J. Chem. Eng.(Vol. 18, Ne. 1)
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Fig. 1. SEM photos of the FER(7.5) and MFI(25) zeolites.
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Fig. 2. TPD profiles of ammonia from the FER(7.5) and MFI(25)
Zeolites.
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The TPD profiles of ammonia from the FER(7.5) and MFI{(25)
zeolites are shown in Fig, 2. Two distinct desorption peaks of am-
monia were observed in both zeolites, while the peak area and the
maximum temperature of the second peak were different accord-
ing to zeolite species. Although there is some controversy on the
first peak to be assigned as ammonia desorbed from weak acid sites
[Niwa et al., 1997], the second peak is generally accepted to be at-
tributed to ammonia desotbed from strong acid sites. The higher
temperature of the second peak maximum of the FER(7.5) zeolite
indicates tha the FER(7.5) zeolite has stronger acid sites than the
MFI(25) zeolite. On the other hand, the peak area of the second peak
15 considerably larger on the MFI(25) zeolite compared to the FER
(7.5) zeolite, exhibiting that the number of strong acid sites is greater
on the MFI(25) zeolite. It is certam that the formation of acid sites
is due to the coexistence of alummium represented by S¥Al molar
ratio; however, the number of strong acid sites of zeolite measured
by NH--TPD is largely dependent on their structures. Nevertheless,
the fact that the number of strong acid sites of the FER(7.5) zeolite
is small compared to that of the MFI(25) zeolite, while its acid
strength is higher, is helpful for discussing their catalytic properties.
2. Skeletal Isomerization of C,C, 1-Olefins

The skeletal isomerizations of C,-C, 1-olefins were studied on
the FER(7.5) and MFI(25) zeolites with different pore structures,

100

80 |
g
g 60 e C4 —B=C5
- —4r—C6 —8=C7
1)
@
g “of
=]
(&

20

0 L L L

150 200 250 300 350 400

100 _ﬂ%
80 F
2
- 60}
)
2
8 af
© ——Ca —0—C5
" —tr—C6 —0—C7
20

D L 1 il L
150 200 250 300 350 400

Temperature (C)

Tig. 3. Variations of the conversion and sdectivity with reaction
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to mvestigate the effect of the molecular distribution m zeolite pores.
Variations of the conversions and selectivities on the FER(7.5) ze-
olite with reaction temperature are shown m Fig. 3. Although the
conversion mereases with reaction temperatures for all 1-olefns,
the conversion level 1s different Conversions of Cs-C; 1-olefins are
high approaching 80% at 350 °C, whereas that of 1-butene 1s con-
siderably lower. Low conversion of 1-butene at low temperatures
may be due to its small amount of adsorbed phase and its difficulty
m formmng highly eneigetic monomolecular mtermediates [Meri-
audeau et al., 1997]. Besides these causes, the low content of iso-
butene m equilibrium linits the conversion to about 30% at 350°C.
The selectivities for iso-olefins are high on the FER(7.5) zeolite,
regardless of the molecular length of 1-olefins. And the selectivi-
ties, opposite to the conversion, decrease slightly with the reaction
temperature. The selectivities for iso-butene and iso-pentenes are
still lugh at about 90% even at 350 °C; however, those of iso-
hexenes and iso-heptenes are relatively low at about 70% and 60%,
respectively. Since large olefin molecules can crack without form-
mg dimers at elevated temperatures, the selectivity for iso-heptene
decreases with increasing temperature.

The sumilanty m the vanations of iso-olefn selectivities with tern-
perature would be expected on zeolite catalysts regardless of their
molecular lengths of olefin, when the dimerization is predominant
to the monomolecular skeletal 1somerization. Formation of the dumer
diminishes the considerable difference due to the molecular length,
because even butene dimers are large enough to be cracked easily.
As expected, no sigimificant difference m the varations of conver-
sion and selectivity with reaction temperature in the skeletal isomer-
1zation of C,-C; 1-olefins was observed on the MFI(25) zeolite as
shown in Fig. 4. The monotonic increases m the conversion and
decreases in the selectivity with the reaction temperature were simi-
lag, even though the molecular properties of C,-C, 1-olefins are con-
siderably different The concentration of activated olefin molecules
should be low at a low conversion, thus, a monemolecular reaction
was more preferable than a bumolecular reaction, resulting m high
selectivity even on the MFI(25) zeolite. However, the increase in
the conceniration of activated olefin molecules m the MFI zeolite
pore with mcreasmg temperature accelerates the formation of di-
mers, resulting in ligh conversion but low selectivity due to the
cracking of the duners 1nto various hydrocarbons.

The product distribution of 1-pentene exinbited clearly the dif-
ference m reaction paths according to zeolite species as shown n
Table 1. The selectivity on the FER(7.5) zeolite was high at above
90%, but that on the MFI(25) zeolite was low at about 4%, even
at similar conversion levels of around 80%. These results clearly
suggest that there is a meaningful difference between the preferred
reaction paths on the FER(7.5) and MFI(25) zeolites. Considerable
formation of C; and C, hydrocarbons on the MFI(25) zeolite -
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Fig. 4. Variations of the conversion and selectivity with reaction
temperature in the skeletal isomerization of C,-C; 1-olefins
over the MF1(25) catalyst. P, ;=33 kPa.

dicates that the major reaction 1s the dumerization followed by crack-
mg. On the other hand, the large fraction of pentenes on the FER
(7.5) zeolte indicates a negligible formation of dimers, which can
be converted to various hydrocarbons.

Vanations of the conversion and selectivity with the loading
amount of catalyst also offer information about the reaction path,
as well as those with the reaction temperature. Fig. 5 shows that
exceptional selectivity s sustained on the FER(7.5) zeolite, even
though its loading amount varies from 001 g to 0.3 g. The con-
stant conversion mdicates the establishment of equilibrium among
pentene isomers on the FER(7.5) zeolite as does that among bu-
tene 1somers [Miurer and Kraushhaar-Czatmetzki, 1996]. The small
decrease in selectivity with a large amount of catalyst loading may
be due to the non-selective reaction on the external surface. On the
other hand, the selectivity on the MFI(25) zeolite decreases gradually

Table 1. The skeletal isomerization of 1-pentene over the FER(7.5) and MFI(25) zeolite catalysts at 300 °C

Conversion Selectivity Product composition (%)
Catalyst o o — — —
(%) (%) o C, 1-C5 2-Cy is0-C5” Cy'
FER(7.5) 82.1 98.1 0.1 0.6 3.1 148 80.5 0.2
MFI(25) 84.9 435 03 27.5 1.6 13.5 36.9 4.9

Reaction conditions - total flow rate: 15 ml-min™', catalyst loading: 0.1 g, P)_eumm.: 33 kPa.

Korean J. Chem. Eng.(Vol. 18, Ne. 1)
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Fig. 5. Variations of the conversion and selectivity in the skeletal
isomerization of 1-pentene with the loading amount of the
FER(7.5) and MFI(25) catalysts at 300°C. P ,,,,=33 kPa.

with an increase in the catalyst loading, approaching a very low se-
lectivity of about 20% with 0.3 g of catalyst loading.

Tremendous decreases m the selectivity with the conversion on
the MFI(25) zeolite-due to the increase in the reaction temperature
or loading amount-mdicate that the consecutive reactions such as
dimerization and cracking become predormmant m MFI zeolite pore
at high conversion, producing various hydrocarbons including iso-
olefins. However, the skeletal isomerization, producmg only iso-
olefins, is selectively carried out on the FER(7.5) zeolite, sustain-
mg the lugh selectivity even at high temperatures or at large amounts
of catalyst loading, Furthermore, the establishunent of the thermo-
dynamic equlibrium among pentene isomers results in the con-
stant conversion and selectivity on the FER(7.5) zeolite. These duf-
ferent behaviors of the FER(7.5) and MFI(25) zeolites, therefore,
can be explained by the difference m the preferred reaction path
the dimenization of olefin molecules 1s suppressed on the FER(7.5)
zeolite, while it is predominant on the MFI(25) zeolite at high con-
VeTSIOn.

3. Molecular Distribution of C,-C, iso-olefins in the Zeolite
Pore

Distribution patteris of 1-olefin molecules m zeolite pores work
as a determining factor for the preference of olefin molecules to
the reaction path: monomolecular skeletal isomerization or bimo-
lecular dimenzation followed by crackmg. The probable distribu-
tion of 1-olefin molecules in zeolite pores was simulated by using
Cerius’ Sorption Module of Molecular Simulation at 25 °C and un-
der 100kPa as described elsewhere [Seo etal., 1997]. Fig. 6 sketch-
es the simulated molecular distribution of 1-olefins in the pores of
FER and MFI zeolites. Molecules and pores are drawn with the
same scale. Shadowed molecules mean the absence of adsorbed
molecules. 1-Butene molecules are nicely confined in the cages of
FER zeolite pores, while 1-petene, 1-hexene and 1-heptene mole-
cules are too large to be completely confined It is possible for 1-
butene molecules to be distributed 1 each cavity, but the reduction
of simulated adsorbed amount of 1-pentene suggests that only a
half of the cavity 1s occupied by adsorbed molecules. Although mol-
ecular lengths of Ci-C; olefin exceed the cavity size, a close dis-
tribution such as one molecule per cavity is not allowed due to re-
striction of pore structure and repulsion between adsorbed olefn

1-C 1-Cs

FER

3548 A

7 A cavity

MFI /‘J

Fig. 6. Schematic drawing for the distribution of 1-olefin molecules in FER and MF1I zeolite pores.

January, 2001
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Fig. 7. 3-D IR spectra of adsorbed 1-pentene, 1-hexene and 1-hep-

tene on the FER(7.5) and MFI(25) zeolites. Zeolite was

exposed to 1-olefins at 30°C and IR spectra were recorded
with increasing evacuation temperature to 550 °C.

molecules. Thus, the confinement of 1-butene molecules m the ca-
vity and sparse distribution of C,-C, olefin suppress the dimeriza-
tion, expecting the high selectivaty for the skeletal somenzation.

Otherwise, there 1s no remarkable difference n the molecular
distribution of C,-C; 1-olefins i the MFI zeolite pore, even though
the molecular size of 1-olefins vanes from 1-butene to 1-heptene.
The large cross-sectional area does not impose on the 1-olefin mole-
cules a specific distribution pattern.

The difference in the molecular distribution of 1-olefins in FER
and MFI zeolites mnduces different behaviors of adsorption-desorp-
tion Fig. 7 shows the 3-D IR spectra of adsorbed 1-pentene, 1-
hexene and 1-heptene on the FER(7.5) and MFI(25) zeolites re-
corded by mcreasing the evacuation temperature. These IR spectra
of adsorbed olefins are simalar to those of adsorbed 1-butene re-
ported m owr previous paper [Seo et al,, 2000], except the complete
desorption of 1-butene from the FER(7.5) zeolite with evacuation
even at ambient temperature. The higher boiling temperatiwes of
Cs-C, 1-olefins compared to 1-butene require hugher evacuation tem-
perature for their complete desorption from the FER zeolite.

Absorption bands of 1,430 cm™ assigned to the adsorbed olefin
were observed by adsorption of Cs-C; 1-olefins on the FER(7.5)
zeolite, and retained at about 200 °C. However, the band disappeared
by further mereasing the evacuation temperature without any change
mdicating chemical reactions.

Absorption bands of 1-olefin on the MFI(25) zeolite were strong-

er than those on the FER(7.5) zeolite. At ambient temperature a
strong absorption band at 1,470 cm™ was consistently observed from
C,-C, 1-olefins adsorbed on the MFI(25) zeolite. Furthermore, the
temperature mcrease mduced the appearance of a new absorption
band at 1,505 cm™ accompanied by the diminishment at the 1,470
cm™' band. The absorption band at 1,505 cm™ is assigned to poly-
meric species formed from olefin on zeolite suface [Trombetta et
al, 1997]. Therefore, the appearance of this absorption band de-
monstrates the dimer formation from olefins on the MFI(25) zeolite,
because polymeric species are consecutive products of olefin di-
merization. The same IR spectra of adsorbed 1-olefins such as 1-
pentene, 1-hexene and 1-heptene, mdicate the same distribution pat-
terms of adsorbed olefn molecules m the MFI zeolite.

The retention of 1-olefin on the MFI(25) zeolite is not atiributed
to the strong interaction between adsorbed olefin molecules and
acid sites, because the acid strength of the MFI(25) zeolite 1s con-
siderably weaker than that of the FER(7.5) zeolite. Smce #-heptane
molecules are desorbed easily from both FER(7.5) and MFI(25)
zeolites with evacuation at ambient temperature [Seo et al,, 2000],
the retention of 1-olefin is not related to the molecular weight. There-
fore, the retention of olefin molecules and conversion to polymeric
species on the MFI(25) zeolite demonstrate the formation of dimers
or oligomers in pores even at ambient temperature. Otherwise, mo-
nomolecularly distributed 1-olefm molecules m the FER(7.5) zeo-
lite pore are desorbed without further conversion to other species.
Different pore structures of zeolites cause the differences in molec-
ular distributions of olefins and m further reactions among adsorbed
olefinic species.

CONCLUSIONS

Skeletal 1somenization of C,-C; 1-olefins on zeolite catalysts 1s
largely dependent on their pore shapes: however, the difference m
the molecular distribution due to their molecular length also mflu-
ences the selectivity. Although the FER(7.5) zeolite exhibits a lngh
selectivity for C,-C; iso-olefins compared to the MFI(25) zeolite,
the selectivities for iso-hexenes and iso-heptenes are considerably
lower than those for iso-butene and iso-pentene. Besides the mo-
nomolecular cracking of laige olefin without forming dimers, the
mcomplete confinement of large molecules n cavities lowers the
monomolecular reaction selectivity. On the other hand, the MFI(25)
zeolite shows no significant difference m the selectivity with change
m the molecular length of 1-olefins: the selectivity decreases dras-
tically by increasing the conversion for C,-C, olefins. Negligible
restriction of the molecular distribution of olefin on the MFI(25)
zeolite does not suppress dimerization, resulting in the low selec-
tivity. Therefore, the molecular distribution of 1-olefin m zeolite
pores 1s an mmportant factor mn determming the preference for mo-
nomolecular skeletal isomerization, when the monomolecular crack-
g of olefin is not predom mant.
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