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Octadecane was isomerized over three different Pt/H-ZSM-23 samples. The distributions of methylheptadecane and

dimethylheptadecane skeletal isomers obtained on the Pt/ZSM-23 samples were very similar. Positional isomer distributions are

fingerprints of the zeolite framework structure. The independence of skeletal isomer distributions from Al-gradients and particle

size constitutes a strong argument in favor of pore-mouth catalysis.
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1. Introduction

The introduction of branchings in the carbon skele-
ton of long n-alkanes contained in paraffinic petroleum
fractions results in improved bulk physical properties
such as pour point and freezing point lowering. For
obtaining the desired branching while limiting the
undesired cracking of the molecules, catalytic hydro-
conversion processes over bifunctional zeolites with
tubular 10-ring pore system can be used [1]. Platinum-
plated, proton exchanged aluminosilicate zeolites with
TON framework type such as Pt/ZSM-22 and Pt/Theta-
1 are representative of this family of zeolite materials.
Several studies were devoted to the skeletal isomeriza-
tion of long n-alkanes on TON type zeolites [2–9]. With
these zeolite catalysts, the branchings are methyl groups,
generated at very specific carbon positions along
the alkane chains as revealed in conversions of model
n-alkanes with carbon numbers up to n-C24. In the
monobranched isomers obtained out of n-alkanes on
TON type zeolites, the preferred methylbranching
positions are C2 and, with long chains, C5–C12 [6,9]. In
the preferred dimethylbranched skeletal isomers, the
methyl side chains are located at far apart positions
along the main chain. The minimum spacing between
the branchings is dependent on the chain length. For the
2,m-dMe–Cn-2 fraction, it varies from three carbon
atoms for short Cn chains, to five carbon atoms for long
Cn chains. In the most favored skeletal isomers of the

3,n-dMe–Cn-2 type, the two branchings are spaced by at
least 4 or 5 carbons [7].

There is general agreement in literature that the
suppression of formation of dimethylbranched skeletal
isomers with quaternary carbon atoms and with proxi-
mate methyl groups is a manifestation of transition state
shape selectivity [2,6,10,11]. The visions diverge, how-
ever, on the mechanism responsible for the peculiar
selectivity patterns among the monobranched and di-
branched positional isomers. One interpretation is that
the n-alkanes undergo branching rearrangements inside
the pores. The relative diffusivities of the different
positional isomers are different and the product is
enriched with the fastest diffusing isomers. Arguments in
favor of such product shape selectivity are mainly based
on computer simulations of adsorption and diffusion of
the different skeletal isomers in a molecular model of the
zeolite channel [9,10,12,13]. Webb III et al. [12,13] cal-
culated diffusion constants and activation energies for
diffusion of linear and branched alkanes using molecular
dynamics simulations. The TON channel has every
0.5 nm a shallow lobe in its wall. The lobes alternate on
two opposite sides of the channel. Methylbranched
alkanes position themselves preferentially with their
methyl branch inside such lobe. 2-Methylbranched alk-
anes have a symmetric tail of two methyl groups
attached to the carbon atom at the C2 position. Simul-
taneous positioning of both of these methyl groups
inside lobes is not possible. The 3-methylbranched
molecules have an asymmetric tail. At the potential
minimum, the methyl groups of methylbranched mole-
cules are positioned in a lobe. As a consequence the hop
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frequency of 2-methylbranched molecules is higher than
of 3-methylbranched molecules. This is the basis for the
suggestion that the preferential formation of 2-methyl-
branched molecules over 3-methylbranched molecules is
a manifestation of product diffusion shape selectivity.
The zeolite topology has a strong influence on relative
diffusivities of methylalkanes. For n-methylnonanes, the
minimum diffusivity estimated with molecular dynamics
simulations is at C-atom position 2, 3 and 4 in FER,
EUO and TON, respectively [12]. Sastre et al. [9] sim-
ulated the diffusion of seven carbon alkane isomers in
TON channels and concluded that monomethyl-
branched isomers diffuse through the pores, whereas
2,3-dimethylbutene could not. Similar approaches and
CBMC calculations led other authors to propose that
the selectivity among the dimethylbranched isomers is
also dominated by the relative diffusivities [10]. Schenk
et al. [14] calculated the free energy of formation of
various dimethylbranched alkane isomers in TON type
channels. Isomers with a spacing of the methyl groups
matching with that of the lobes along the pore were
estimated to diffuse slower than isomers the branching
of which fitted less well with the arrangement of the
lobes. Accordingly, 2,6- and 2,10-dimethylalkanes were
proposed to be less abundant products compared to
2,7-, 2,8- and 2,9-dimethylalkanes. Furthermore, the
computer model predicted formation of 3,8-, 3,9- and
3,10-dimethylalkanes to be more abundantly formed
than 3,7-dimethylalkanes. These predictions diverge
considerably from experimentally obtained product
distributions [7].

Experimental investigations led to an explanation of
the peculiar reaction selectivity patterns on ZSM-22 by
invoking pore mouth and key–lock catalysis [5–7]. The
product patterns can be explained as follows. The long
n-alkane reacts when it is adsorbed partly inside, partly
outside the pore (pore mouth), or with both tails inside
two different pores (key–lock). The methyl groups,
generated by contraction of the main chain by one
carbon atom, are formed preferentially in the first lobe
of the pore, where desorption is least sterically hindered.

Further evidence for the pore-mouth-mechanism on
ZSM-22 came from adsorption measurements on open
and closed ZSM-22 [15]. These measurements of
adsorption equilibria of alkane vapors on ZSM-22
confirmed that under reaction conditions iso-alkanes do
not enter micropores of ZSM-22, while n-alkanes do.
Branched C5–C9 alkanes penetrate inside ZSM-22
crystals only when applied in liquid phase but not in
vapor phase relevant to the hydroisomerization experi-
ments run in the laboratory [16]. A fundamental kinetic
model based on pore-mouth and key–lock catalysis has
been developed and successfully implemented for the
description of the shape-selective hydroconversion on
Pt/H-ZSM-22 [17].

ZSM-22 and ZSM-23 are related zeolite structures
with TON and MTT topology, respectively. The MTT

framework can be considered to be a recurrently twin-
ned variant of the TON framework [18]. The 10-ring
pores in both topologies are undulated, but the undu-
lation pattern is different. In materials with MTT
topology, the cross section has the shape of a teardrop,
with maximum and minimum free diameters of 0.52 and
0.45 nm, respectively. In the TON structure types, the
10-rings delineating the pores have an elliptical shape,
with maximum and minimum widths of 0.57 and
0.46 nm, respectively. Consequently, the architecture of
the pores and pore mouths of TON and MTT are sub-
stantially different.

The behavior of ZSM-23 in alkane adsorption and
conversion is less documented. Branched C5–C9 alkanes
provided as vapor or liquid have no access to the in-
tracrystaline void spaces of ZSM-23 zeolite [16]. In
decane [19,20] and dodecane [21] hydroisomerization on
Pt/ZSM-23, the product features typical of ZSM-22
were present, but less pronounced.

We converted three samples of ZSM-23 differing with
respect to Al content and distribution, microporosity
and particle size into bifunctional catalysts and per-
formed octadecane isomerization experiments in order
to find out how the differences in physico-chemical
properties would be reflected in the skeletal isomeriza-
tion of a very long n-alkane.

2. Experimental

2.1. Zeolite materials

The properties of the three ZSM-23 samples and
reference ZSM-22 sample are listed in table 1. ZSM-
23[24] was kindly provided by R. van Veen. ZSM-23[44]
was prepared following a recipe from Ernst et al. [20].
ZSM-23[55] was prepared according to Example 2 in
USP 4,490,342. The morphology of the ZSM-23[24] and
ZSM-23[44] samples is quite similar as revealed by SEM
(figure 1). Lath shaped crystals predominate. In ZSM-
23[24] and -[44] these laths are isolated; in ZSM-23[55]
the majority of them are aggregated into differently
sized elongated bodies. Compared to the reference
ZSM-22 material, prepared following a recipe from
Ernst et al. [22] and having a bulk Si/Al ratio of 54, the
crystals are much wider and a little shorter.

The zeolite powders were calcined and ammonium
exchanged in order to reduce the Na2O content to below
0.04 wt%. The porosity was characterized using nitro-
gen adsorption at )196 �C using an Omnisorp 100
instrument from Coulter. Micropore volumes and
external surface area’s were derived from the isotherms
using the t-plot method (table 1). 27Al MAS NMR
spectra were recorded with a Bruker Avance DRX400
spectrometer (9.4 T). A number of 12,000 scans were
accumulated with a recycle delay of 100 ms. The sample
holders were spun at 20 kHz. In all investigated samples
aluminum was in tetrahedral co-ordination. Octahe-
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drally coordinated aluminum was virtually absent. The
Al contents were quantified using the ZSM-23[24] sam-
ple for which the Al content was determined by chemical
analysis as reference (table 1).

XPS was performed with a SSI X-probe (SSX-100/
206) spectrometer from Surface Science Instrument
working with a monochromatic Al Ka radiation (10 kV,
22 mA). Charge compensation was achieved by using an
electron flood gun adjusted at 8 eV and placing a nickel

grid 3.0 mm above the sample. Pass energy for the
analyzer was 50 eV and the spot size was 1000 lm in
diameter, corresponding to a FWHM (full width at half
maximum) of 1.1 eV for the Au 4f7/2 band of a gold
standard. The Si/Al ratios determined with XPS repre-
sentative of the external surface are listed in table 1. In
the ZSM-23[24] sample the Si/Al ratio in the bulk and
on the external surface is the same, viz. 24. In the ZSM-
23[44] and -[55] samples, and in the ZSM-22 reference

Table 1

Properties of ZSM-23 and ZSM-22 samples

ZSM-23[24] ZSM-23[44] ZSM-23[55] ZSM-22[54]

Si/Al ratio bulk (NMR) 24 44 55 54

Si/Al ratio surface (XPS) 24 29 36 24

B.E.T. surface area (m2/g) 101 165 273 256

Micropore volume (t-plot method) (lL/g) 34 52 97 96

External surface area (t-plot method) (m2/g) 28 53 61 49

Figure 1. SEM images of ZSM-23[24], ZSM-23[44] and ZSM-23[55].
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sample, the surface is enriched with Al compared to the
bulk.

Ammonium exchanged ZSM-23 powder was
impregnated with tetramine platinum (II) chloride, dis-
solved in a minimum amount of water to obtain a Pt
loading of 0.3 wt%, and dried in air at 60 �C. The
powders were compressed into a solid disc, crushed and
sieved and the 300–500 lm pellet fraction retained for
the catalytic experiments.

2.2. Catalytic experiments

The zeolite pellets were loaded in a stainless steel
reactor tube with internal diameter of 1 cm and fixed
between two plugs of quartz wool. The catalyst acti-
vation procedure comprised calcination under flowing
oxygen at 400 �C followed by reduction in hydrogen at
the same temperature. The feedstock for the catalytic
experiments was a mixture of 2 wt% octadecane
(Janssen, purity >99%) diluted with heptane (Janssen,
technical grade, 99%). The total pressure in the reactor
was 0.45 MPa and the temperature 230 �C. The
hydrogen to hydrocarbon molar ratio in the feed was
13. Contact times of octadecane were up to
14,000 kg s/mol. The hydrocarbon was fed by a HPLC
pump from a reservoir into a vaporization chamber,
mixed with hydrogen and passed in downflow direction
over the fixed catalyst bed. Analysis of the reaction
products was done on-line using capillary GC. The
identification of C18 skeletal isomers was reported
earlier [7]. Under the applied reaction conditions, there
was no conversion of heptane detected.

3. Results

Plots of the n-C18 conversion against contact time on
Pt/ZSM-23[24], Pt/ZSM-23[44], Pt/ZSM-23[55] and Pt/
ZSM-22[54] catalyst are reported in figure 2. The
activity differences are not very pronounced. The
activity order corresponds to:

Pt/ZSM-22[54] ¼ Pt/ZSM-23[24]

¼ Pt/ZSM[55] > Pt/ZSM-23[44]

The yield curves of isomers in total, monobranched
isomers, dibranched isomers and cracked products on
the three catalysts in the conversion range 65–100% are
shown in figure 3. On all catalysts, isomer yields
exceeding 60% were obtained. At a same conversion
level, the yield of total isomers, monobranched isomers
and dibranched isomers is lower on Pt/ZSM-23[24] and -
[44] samples compared to Pt/ZSM-22[54]. Lower isomer
yields are linked with higher cracking yields. The evo-
lution with conversion of the yield of the different
product fractions on Pt/ZSM-23[55] and Pt/ZSM-22[54]
samples are very similar.

Gas chromatograms and peak assignments of mono-
and multibranched isomers obtained with the ZSM-23

and )22 reference catalyst at ca. 25% multibranching
yield are reported in figure 4. The chromatograms of
iso-octadecanes obtained with the three ZSM-23 sam-
ples are almost identical. In comparison to the products
obtained with ZSM-22 catalyst, there are some specific
differences in the peaks of dibranched isomers. The
relative intensities of the R and Q peaks, and of the O
and N peaks are systematically different.

The distribution of the monobranched skeletal
isomerization products at specific yield levels is pre-
sented in figure 5. The traces of ethylhexadecanes
formed were not included in the distributions. The
product distribution according to methyl positions in
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methylheptadecanes on the three ZSM-23 samples is
very similar. On the ZSM-22 sample, the yields of 2- and
3-methylheptadecane are higher than on ZSM-23, and
the yields of 5-, 6-, 7-, 8- and 9-methylheptadecanes
lower. When increasing conversion, the methylhepta-
decane distributions on the four catalysts evolve
towards a same distribution, reflecting evolution toward
the internal thermodynamic equilibrium of the methyl-
heptadecane isomers.

Distributions of the dimethylhexadecane reaction
products obtained on the four zeolite samples at 13%
and 25% multibranching isomerization are given in
table 2a and b, respectively. The product distribution of

the three ZSM-23 samples are in very good agreement
and differ from the distribution on the ZSM-22 sample.
The 2,n-dMe–C16 and 3,n-dMe–C16 isomers are most
abundantly formed on all zeolite samples but the
preference for formation of 2,n-dMe–C16 isomers, and
2,15-dMe–C16 in particular, is less pronounced on the
ZSM-23 zeolites. On both zeolites, the preferred posi-
tion for the second branching in the 2,n-dMe–C16
family is located at carbon atoms in the range C8–C15.
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Figure 4. Comparison of chromatograms at approximately 25%

monobranched isomerization yield on ZSM-22 and ZSM-23 type

catalysts. Product identification: (A) 3-methylheptadecane; (B) 3-

ethylheptadecane; (C) 2-methylheptadecane; (D) 4-methylheptade-

cane; (E) 4-ethylheptadecane; (F) 5-methylheptadecane; (G) 6-methyl-

heptadecane; (H) 7-methylheptadecane; (I) 8-methylheptadecane; (J)

9-methylheptadecane; (K) methylethylpentadecane; (L) 2,14-dimethyl-

hexadecane; (M) methylethylpentadecane; (N) 3,13-dimethylhexade-

cane; (O) 2,15-dimethylhexadecane; (P) 3,12-dimethylhexadecane; (Q)

4,13-dimethylhexadecane; (R) 3,11-dimethylhexadecane + 2,13-dim-

ethylhexadecane; (S) 3,10-dimethylhexadecane; (T) 2,12-dimethylhex-

adecane; (U) 3,9-dimethylhexadecane; (V) 2,11-dimethylhexadecane;

(W) 2,10-dimethylhexadecane; (X) 2,9-dimethylhexadecane + 2,8-

dimethylhexadecane; (Y) 4,11-dimethylhexadecane; (Z) 4,10-dimethyl-

hexadecane + 4,9-dimethylhexadecane; (AA) 4,8-dimethylhexade-

cane; (AB) 7,10-dimethylhexadecane; (AC) 5,11-dimethylhexadecane;

(AD) 5,10-dimethylhexadecane + 5,9-dimethylhexadecane + 5,8-

dimethylhexadecane; (AE) 6,10-dimethylhexadecane + 6,9-dimethyl-

hexadecane.
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The most abundant isomers among the 3,n-dMe–C16
isomer family have their second branching in the range
C9–C14. The minimum spacing of the branchings in the
most favored isomers thus corresponds to five carbon
atoms. In the 4,n-dMe–C16 isomer family, the forma-
tion of 4,8- and 4,13-dMe–C16 is favored, in particular
on the ZSM-23 samples. The ZSM-23 samples also yield
a higher amount of 5,n-dMe–C16 isomers compared to
the ZSM-22 sample. The 6,n-dMe–C16 and 7,n-dMe–
C16 isomers were formed in minor amounts on all
catalysts.

4. Discussion

On bifunctional catalysts, skeletal branching occurs
one branching at the time [23]. Multibranched skeletal
isomers are more susceptible to cracking than mono-
branched isomers and the linear alkane. This reaction
scheme is reflected in the yield curves of monobranched,
dibranched and total isomers exhibiting a maximum

when plotted against conversion (figure 2). The three
ZSM-23 samples and the ZSM-22 catalysts all show
high yields of isomers, exceeding 60%, illustrating their
potential as isodewaxing catalysts. The distribution of
monobranched and dibranched isomers obtained on
ZSM-22 zeolite is significantly different from that
obtained in a large pore zeolite such as ultrastable Y
zeolite, where all reaction pathways are available to the
molecule because of the absence of sterical hindrance.
The present work reveals that although the detailed
skeletal isomer distributions of ZSM-22 and ZSM-23
zeolites are quite similar, systematic deviations exist.

The investigated ZSM-23 samples present a signifi-
cant variation in bulk and surface Si/Al ratio, particle
size and microporosity (table 1). These differences lead
to differences in catalytic activity (figure 2) and isomer
yield curves (figure 3), but not to differences in skeletal
isomer distributions (figures 4 and 5, and tables 2 and
3). It is concluded that framework topology is the pre-
dominating parameter determining for the positional
branching selectivity of the zeolite. Some authors
attributed the special branching patterns to differences
in diffusivity of the respective isomers [10,12–14].
According to such model of product diffusion, acid site
concentration, microporosity and particle size all should
alter the product distributions. Our experimental results
disprove the occurrence of such mechanism.

A careful examination of these skeletal isomer dis-
tributions and comparison with predictions from prod-
uct diffusion models leads to additional contradictions.
The methylheptadecane product distribution from oc-
tadecane conversion over the ZSM-22 is bimodal with
methyl branchings at C2 and C5–C9 being preferred.
Webb et al. [13] calculated a minimum in the diffusivity
of the methylbranched isomers of decane and hexade-
cane for the methylbranching at C4, which they ascribed
to structural features in the zeolite framework that
provide a unique hindrance to molecular motion of
specific molecules. The minimum at C4 in the distribu-
tion of monomethylbranched isomers obtained on
ZSM-22 is then in agreement with product diffusion
selectivity [10]. Modeling of diffusion in ZSM-23
revealed a monotonically decrease in the diffusivity of
the isomers of 2M > 3M > 4M > 5M [12]. The
experimentally obtained distribution of methylbranched
skeletal isomers presented in this work reveals a pref-
erential formation of isomers branched at C5 over C4
(figure 5).

The bimodal distribution of monomethylbranched
isomers can be explained by invoking pore-mouth and
key–lock catalysis. Skeletal branching near the end of
the chain occurs when the molecule is adsorbed
according to the pore-mouth mode. Branching at C5–C9
positions occurs when the molecule is adsorbed in key–
lock mode, as proposed earlier for ZSM-22. The dif-
ferences between the positional selectivity of methyl-
branching should be a result of the differences in
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Table 2

Distribution of the multibranched isomers of octadecane at ca. 13% (A) and 25% (B) yield of multibranched isomers over ZSM-22[54], ZSM-

23[24], ZSM-23[44] and ZSM-23[55] type catalysts

A ZSM-22[54]

X(%) = 67.5

Ymulti(%) = 13.2

ZSM-23[24]

X(%) = 85.1

Ymulti(%) = 12.9

ZSM-23[44]

X(%) = 92.0

Ymulti(%) = 13.5

ZSM-23[55]

X(%) = 84.3

Ymulti(%) = 13.9

methylethylpentadecane 0.0 0.0 0.0 0.1

2,14-dimethylhexadecane 10.7 9.2 10.1 9.0

methylethylpentadecane 0.0 0.0 0.0 0

3,13-dimethylhexadecane 3.7 5.4 6.1 5.6

2,15-dimethylhexadecane 10.2 4.4 4.4 4.2

3,12-dimethylhexadecane 0.9 3.1 3.7 3.0

4,13-dimethylhexadecane 4.1 6.6 7.7 7.5

3,11-dimethylhexadecane

2,13-dimethylhexadecane 4.3 2.5 2.5 2.3

3,10-dimethylhexadecane 2.4 2.5 2.6 3.0

2,12-dimethylhexadecane 9.6 7.7 7.8 7.8

3,9-dimethylhexadecane 5.2 5.6 5.6 5.3

2,11-dimethylhexadecane 8.0 7.4 7.8 7.5

2,10-dimethylhexadecane 9.7 8.7 9.5 9.3

2,9-dimethylhexadecane

2,8-dimethylhexadecane 19.6 16.3 15.9 16.2

4,11-dimethylhexadecane 0.0 1.4 0.3 0.9

4,10-dimethylhexadecane

4,9-dimethylhexadecane 1.8 1.4 1.6 1.6

4,8-dimethylhexadecane 3.3 4.2 4.0 4.2

7,10-dimethylhexadecane 1.4 3.0 1.9 3.1

5,11-dimethylhexadecane 1.5 3.5 2.5 2.8

5,10-dimethylhexadecane

5,9-dimethylhexadecane

5,8-dimethylhexadecane 2.3 4.6 3.9 4.9

6,10-dimethylhexadecane

6,9-dimethylhexadecane 1.3 2.6 2.2 1.8

B ZSM-22[54]

X(%) = 79.8

Ymulti(%) = 24.8

ZSM-23[24]

X(%) = 94.8

Ymulti(%) = 25.3

ZSM-23[44]

X(%) = 99.0

Ymulti(%) = 25.0

ZSM-23[55]

X(%) = 93.0

Ymulti(%) = 22.0

methylethylpentadecane 0.0 0.2 0.3 0.2

2,14-dimethylhexadecane 9.7 8.4 8.9 7.8

methylethylpentadecane 0.0 0.0 0.0 0

3,13-dimethylhexadecane 4.6 5.6 5.9 4.5

2,15-dimethylhexadecane 6.6 3.2 3.1 3.7

3,12-dimethylhexadecane 1.1 2.3 2.6 2.0

4,13-dimethylhexadecane 4.3 6.5 6.9 6.5

3,11-dimethylhexadecane

2,13-dimethylhexadecane 4.6 3.1 3.0 2.7

3,10-dimethylhexadecane 2.7 3.1 2.7 3.5

2,12-dimethylhexadecane 9.6 8.7 8.3 8.4

3,9-dimethylhexadecane 6.4 6.6 6.7 5.6

2,11-dimethylhexadecane 8.1 7.6 7.4 7.3

2,10-dimethylhexadecane 10.4 9.6 9.5 9.3

2,9-dimethylhexadecane

2,8-dimethylhexadecane 18.7 16.7 16.0 16.2

4,11-dimethylhexadecane 0.0 0.0 0.4 1.0

4,10-dimethylhexadecane

4,9-dimethylhexadecane 2.0 1.7 1.7 2.9

4,8-dimethylhexadecane 3.6 4.6 4.7 5.2

7,10-dimethylhexadecane 1.5 2.4 1.8 3.2

5,11-dimethylhexadecane 1.8 2.9 3.2 2.9

5,10-dimethylhexadecane

5,9-dimethylhexadecane

5,8-dimethylhexadecane 2.6 4.2 4.3 5.0

6,10-dimethylhexadecane

6,9-dimethylhexadecane 1.7 2.6 2.7 1.9
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contributions of pore mouth with respect to key–lock
catalysis between ZSM-22 and ZSM-23.

In the dimethylbranched isomer fraction obtained on
ZSM-23, the minimum spacing between two methyl
branches is five carbon atoms. As molecular models
suggest that the bridge distances between neighboring
pores are practically the same for ZSM-23 as for ZSM-
22, this is in agreement with the results obtained on
ZSM-22 and was explained in terms of key–lock catal-
ysis in which the alkane adsorbs with two tails in adja-
cent pores. At this moment it is not possible to
rationalize the details of the dimethylbranched isomer
distributions. The extention of the kinetic model devel-
oped by Narasimhan et al. [17] for ZSM-22 to the ZSM-
23 catalysts should make it possible to get a clearer view
on the peculiar selectivities and selectivity differences on
ZSM-22 and ZSM-23 catalysts.

5. Conclusions

In octadecane hydroisomerisation, ZSM-23 samples
with different Si/Al ratios, microporosity and crystal size
exhibit identical methyl- and dimethylheptadecane
positional selectivities, different from ZSM-22. The
branching selectivity is primarily determined by the
framework topology, and much less by the acidity or
crystal size. The finding suggests that product shape
selectivity does not apply to octadecane isomerization
on Pt/H-ZSM-23. Skeletal isomerization of octadecane
on ZSM-23 is an example of pore-mouth and key–lock
catalysis. The distribution of the positional methylhep-
tadecane isomers is bimodal, with a minimum at C4, and
maxima at C2 and at C5, C6, C7. Compared to ZSM-22,
the preference for branching near the end of the chain is
less pronounced on a ZSM-23. The distribution of
methyl- and dimethylbranched skeletal isomers from
octadecane is a fingerprint of a zeolite framework
structure.
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