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AbstractA highly ordered mesoporous aluminosilicate (MMZY) was prepared by a top-down and bottom-up
method using HY zeolite as a raw material. A pellet-type catalyst was prepared through extrusion using a twin-screw
extruder. The effects of the Si/Al2 ratio of the HY zeolite used in the MMZY catalyst preparation on the physicochemi-
cal and acid properties of MMZY catalysts were investigated. The oligomerization of endo-dicyclopentadiene (endo-
DCPD) was performed in a spinning basket reactor, and the deactivated catalyst was repeatedly regenerated to verify
the possibility of reusing the catalyst. It was confirmed that ordered hexagonal arrays of mesopores were well devel-
oped in the MMZY(27) and MMZY(48) catalysts, whereas the mesoporous structure of the MMZY(6) and MMZY(12)
materials with relatively large amounts of Al collapsed. As the Si/Al2 molar ratio of the MMZY catalyst was increased,
the number of weak acid sites increased prominently and the acid strength decreased. MMZY(27) and MMZY(48) are
more effective for the oligomerization of endo-DCPD to exo-tricyclopentadiene (exo-TCPD) compared to a micropo-
rous HY catalyst. This is attributed to the abundant acid sites and to the well-developed mesopore structure. Calcina-
tion in air was found to be effective for the regeneration of the deactivated MMZY pellet catalyst for synthesis of exo-
TCPD from endo-DCPD.
Keywords: MMZ, Pellet-type Catalyst, Endo-dicyclopentadiene, Exo-tricyclopentadiene, Regeneration

INTRODUCTION

The heat value and density of exo-tetrahydrotricyclopentadiene
(exo-THTCPD) are 44.1 MJ/L and 1.04 kg/L, respectively [1]. Be-
cause these values are higher than those associated with general
aviation fuel (37.3 MJ/L, 0.8 g/cm3), exo-THTCPD can be applied
as a high-energy-density fuel (HEDF) for volume-limited aircraft
[1,2]. Endo-dicyclopentadiene (endo-DCPD) is a major compo-
nent in the C5 fraction produced during the naphtha cracking pro-
cess in the petrochemical industry [3,4]. Endo-DCPD easily decom-
poses into cyclopentadiene (CPD) at low temperatures. Moreover,
tricyclopentadiene (TCPD) can be synthesized through the Diels-
Alder reaction of CPD and endo-DCPD [5,6]. There are eight dif-
ferent stereoisomers of TCPD depending on the positions at which
the CPD and DCPD are added and depending on the addition of
a norbornyl (NB) ring and a cyclopentyl (CP) ring [7]. However,
because the NB ring addition reaction occurs more rapidly than
the CP ring addition reaction, endo,exo,endo-TCPD (endo-TCPD)
are produced in most cases. Unfortunately, endo-TCPD is not suit-
able as a fuel due to its extremely high viscosity at low temperatures.
To use HEDF, therefore, the isomerization to exo-TCPD, which
exists in a liquid state at room temperature and has high fluidity at
low temperatures, is essential. In summary, to produce exo-TCPD

for use as an HEDF using endo-DCPD as a raw material, it is nec-
essary to oligomerize endo-DCPD and to proceed with isomeriza-
tion to convert endo-TCPD to exo-TCPD.

Janoski et al. proposed a method of converting endo-DCPD to
exo-TCPD through a thermal oligomerization and an isomeriza-
tion reaction [8]. However, this process has two major drawbacks.
First, it is costly because it consists of two separate processes: an
oligomerization process and an isomerization process. Second, a
homogeneous catalyst, AlCl3, is used in the isomerization process,
making it difficult to recover and reuse the catalyst. To compen-
sate for the limitations of previous studies, a one-step reaction that
promotes both oligomerization and isomerization using zeolite
catalysts was proposed by Mobil Co. in 1995 [9]. Microporous zeo-
lites such as H-beta and HY were effective for the oligomerization/
isomerization reaction. However, microporous zeolites exhibit low
efficiency due to the easy blocking of their small pores. To solve the
problem of pore blocking, research on the application of a meso-
porous catalyst has recently attracted much attention [10-12].

Results in which mesoporous materials with a zeolite framework
are applied to catalytic reactions have been continuously reported
[13-15]. It is possible to synthesize mesoporous materials from a
zeolite (MMZ) catalyst by a simple combination of top-down method
and bottom-up methods using a zeolite catalyst [16-18]. The MMZ
catalyst is an aluminosilicate having both a microporous zeolite struc-
ture and mesopores [18]. The 2D hexagonal mesoporous structure
of the MMZ catalyst is known to affect the diffusion of bulky mol-
ecules such as DCPD and TCPD positively [17].
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In this study, an MMZ catalyst with a 2D hexagonal mesoporous
structure was prepared by a top-down and bottom-up method
using HY zeolite as a raw material. This catalyst is henceforth referred
to as the MMZY catalyst here. The catalyst powder was mixed with
a binder and then formed into a pellet-shape catalyst. The effects
of the Si/Al2 ratio of the HY zeolite used in the MMZ catalyst
preparation on the physicochemical and acid properties of MMZ
catalysts and the catalytic performance during the one-step oligo-
merization/isomerization reaction of endo-dicyclopentadiene were
investigated. The oligomerization/isomerization of endo-dicyclo-
pentadiene was performed in a spinning basket reactor, and the
deactivated catalyst was repeatedly regenerated to verify the possi-
bility of reusing the catalyst.

EXPERIMENTAL

1. Preparation of Pellet-type MMZY Catalysts
The process used to synthesize the MMZ catalyst from the HY

zeolite is as follows. Commercial HY zeolites with Si/Al2 ratios of
5.2, 12, 30 and 60 were procured from Zeolyst Co. and used as alu-
minosilicate sources of a mesoporous material. Here, 22.5g of sodium
hydroxide (Aldrich, 98%) was dissolved in 76.5 g of distilled water
to prepare an NaOH aqueous solution, after which 33.75 g of zeo-
lite was mixed well into the NaOH aqueous solution to prepare a
zeolite solution. Meanwhile, 69.5 g of cetyltrimethylammonium
bromide (CTAB, Aldrich, 98%) was dissolved in 1,050g of distilled
water. The zeolite solution was then added to the CTAB solution
dropwise and stirred for 12 hours. The pH of the mixture of the
zeolite and CTAB solution was adjusted to 10 by addition of ace-
tic acid. After pH adjustment and mixing were repeated three
times, a white precipitate was obtained. The resulting white precip-
itate was washed with demineralized water and dried at 110 oC for
24 hours. It was finally calcined at 550 oC in a furnace. This pow-
der-type material is hereinafter referred to as MMZY.

After mixing 2.5 g of methylcellulose as a binder with 50 g of
the powder-type MMZY material, water was added and the result-
ing dough was kneaded. This dough was then formed into a pel-
let-type catalyst using a twin-screw extruder. The pellet-type catalyst
was calcined at 550 oC in a furnace to remove the binder. An XRF
analysis showed that the ratios of the Si/Al2 of the pellet-type cata-
lysts were 6, 12, 27, and 48 relative to the amounts listed above.
These catalysts were termed MMZY(number). The number in the
bracket indicates the Si/Al2 mole ratio of the MMZY catalyst.
2. Characterization of Catalysts

The N2 adsorption isotherms were analyzed by a BELSORP mini
II (BEL Japan). All samples were dried, and 0.1 g of each sample
was loaded into the cell. A pretreatment was carried out at 200 oC
under a vacuum for six hours, and nitrogen adsorption isotherms
were then obtained at the liquid N2 temperature. Surface area and
pore size distribution of the MMZY samples were determined by
the Brunauer-Emmett-Teller (BET) and Barret-Joyner-Halenda
(BJH) method, respectively.

An ammonia temperature-desorption experiment (NH3-TPD)
was used to analyze the acidity of the catalyst with a BELCAT-B
device (MicrotracBEL Corp.). 0.05 g of the sample in a quartz cell
was pretreated under a helium flow (60 ml/min) at 500 oC. The cell

remained at 500 oC for one hour before it was cooled to 100 oC.
The pretreated catalyst was adsorbed at 100 oC for 30 minutes under
an ammonia flow of 60 ml/min, while helium was released at a flow
rate of 60 ml/min for 30 minutes to remove the physically adsorbed
ammonia. Helium was flowed over the ammonia-adsorbed cata-
lyst at a flow rate of 60 ml/min while increasing the cell tempera-
ture to 650 oC at a rate of 10 oC/min. A thermal conductivity detector
measured the desorbed NH3.

The crystalline structure of the catalyst was examined by low-
angle X-ray diffraction (XRD) using Rigaku D/MAX-2200V dif-
fractometer with a built-in Cu tube. Reduction of the collected data
was then done using the JADE program. Mesopores of the catalyst
were observed through transmission electron microscopy using a
JEM-3010 instrument (JEOL) operating at 300 keV.

A TGA/DSC analysis was conducted to explore the regeneration
temperature of the deactivated catalyst using a SDT Q600 device
(TA Instruments). N2 was injected through a mass flow controller
(model 5850E from Brooks) operated using a flow pressure con-
troller (ATOVAC, GMC 1200). The sample was loaded onto a Pt
holder and the volume changes and energy flow were recorded
while running N2 at a rate of 60 ml/min and increasing the tem-
perature up to 800 oC at a heating rate of 10 oC/min.

The acid sites of the catalysts were analyzed by the infrared
absorption spectrum of adsorbed pyridine (pyridine-IR). The infra-
red spectra were measured using a Spectrum GX (PerkinElmer).
An in-situ IR cell was used to measure the IR spectrum. In this
case, 013g of the sample was pressed into a circular disk with a diam-
eter of 13 mm. The cell containing the catalyst disk was heated to
350 oC under a vacuum of 103 Torr and then cooled to room tem-
perature. Pyridine vapor was adsorbed into the catalyst disk and
the physically adsorbed pyridine was then removed under a 103

Torr vacuum. While the cell temperature was increased from 100 oC
to 300 oC, the IR spectrum of the pyridine adsorbed over the catalyst
disk was analyzed using a mercury-cadmium-telluride detector.
3. Oligomerization/Isomerization of Dicyclopentadiene

Endo-DCPD having a purity of 95% was used as the material
for the oligomerization/isomerization reaction. The reaction was in
a 280-ml spinning basket reactor which utilized a mechanical stir-
ring feature. Here, 160 g of endo-DCPD was input into the reac-
tor, and 4.8 g of the pellet-type catalyst was placed into the basket
installed in the reactor. The reactor was heated to 150 oC and the
stirring speed was adjusted to 150 rpm. The product sample was
collected at specific intervals. The collected sample was analyzed
by gas chromatograph (YL 6100 GC, YL Instruments) with a cap-
illary column (CP-Sil5, length 30 m×diameter 0.32m×thickness
0.25m) and a flame ionization detector. The isomerization selec-
tivity of the TCPD was determined based on the transformation
of endo-TCPD to other isomers.

Conversion of endoDCPD (%) (1)

TCPD isomer selectivity (%) (2)

 1 
Concentration of residual endo  DCPD
Concentration of initial endo   DCPD
------------------------------------------------------------------------------------------------ 100%

 1 
Concentration of endo, exo, endo  TCPD

Concentration of TCPD
----------------------------------------------------------------------------------------------------- 100%
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tributed to the mesoporous structure with a uniform pore size [18].
In addition, hysteresis was observed, during which the adsorption
isotherm and desorption isotherm did not coincide with each other,
which is a unique characteristic of the mesoporous material, and
which was caused by the meniscus of the condensed liquid ad-
sorbed on the pores. Therefore, the N2 adsorption-desorption iso-
therms of the MMZY(27) and MMZY(48) catalysts corresponded
to IUPAC classification Type IV isotherms, indicating that these
catalysts had well-developed mesopores. On the other hand, the
nitrogen adsorption isotherm of the MMZY(6) catalyst appeared
to be similar to the Type I adsorption isotherm in the IUPAC clas-
sification, indicating that no mesoporous structure was formed.
The surface area and pore volume of the MMZY(6) catalyst were
150 m2/g and 0.39 cm3/g, respectively, far below the properties of
mesoporous silica [19]. In the case of the MMZY(12) catalyst, hys-
teresis was observed, but because the BET surface area and pore
size were correspondingly 502 m2/g and 0.73 cm3/g, a mesoporous
structure may have been partially created. In Fig. 2, the pore size
distribution shows that the MMZY(27) and MMZY(48) catalysts
have well-developed mesopores, having a size of around 2.7 nm.
However, regarding the MMZY(12) catalyst, fewer mesopores were
produced, while in the MMZY(6) catalyst, it was difficult to find a
mesopore.

The small-angle XRD patterns of the MMZY samples are pre-
sented in Fig. 3. XRD patterns of MMZY(27) and MMZY(48) have
three peaks corresponding to (100), (110), and (200). Particularly,
a peak at 2=2.5o is a characteristic peak of 2-D hexagonal lattice,

RESULTS AND DISCUSSION

1. Catalyst Characterization
The surface area, average pore size, and pore volume of the pel-

let-type MMZY catalysts are shown in Table 1. As the Si/Al2 ratio
of MMZY was increased, the BET surface was increased, with sur-
face areas of the MMZY(27) and MMZY(48) catalyst reaching 1,001
m2/g and 1,404 m2/g, respectively. Furthermore, the Si/Al2 ratio
increased and the pore volume of the MMZY(27) and MMZY(48)
catalysts were increased to 1.03 and 1.52 cm3/g, respectively. The
surface area and pore volume of the MMZY(27) and MMZY(48)
catalysts were similar to the surface area and pore volume of mes-
oporous silica MCM-41 [19,20]. For the MMZY(27) and MMZY(48)
catalysts, the N2 adsorption amounts increased drastically in a step-
wise manner in the P/P0 range of 0.3 to 0.4 (Fig. 1), which is at-

Table 1. Textural properties of the MMZY catalysts

Catalysts SBET

(m2/g)
Pore volume

(cm3/g)
Pore diameter

(nm)
MMZY(6) 0150 0.39 -
MMZY(12) 0502 0.73 2.7
MMZY(27) 1001 1.03 2.7
MMZY(48) 1404 1.52 2.7
Deactivated MMZY(27)a 0012 0.16 -
Regenerated MMZY(27)b 0830 0.96 2.5

aSpent catalyst after fourth reuse
bRegenerated catalyst after fourth reuse

Fig. 1. N2 adsorption-desorption isotherms of the MMZY catalysts.
Fig. 2. Pore size distribution of the MMZY catalysts (mesopore range

determined by the BJH method).
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and the two weak peaks shown in the range of 4-5o represent unique
characteristics of the mesoporous material [17,18]. The transmis-
sion electron microscopy images in Fig. 4 also exhibit ordered hexag-
onal arrays of mesopores of MMZY(27). In the small-angle XRD
patterns of MMZY(6) and MMZY(12), diffraction peaks correspond-
ing to (100), (110), and (200) were not observed, thus confirming
that ordered hexagonal arrays of mesopores did not develop. The
low-angle XRD pattern and the N2 adsorption-desorption results
show that ordered hexagonal arrays of mesopores were well formed
in the MMZY(27) and MMZY(48) catalysts with high Si/Al2 ratios,
whereas the mesoporous structures of the MMZY(6) and MMZY(12)
materials with a relatively large amount of Al had collapsed.

2. Acidity of the Catalysts
The NH3-TPD profiles of the MMZY samples are presented in

Fig. 5. Table 2 shows the total number of acids of the MMZY cata-
lyst according to the amount of desorbed ammonia. The NH3-TPD
profile of the MMZY catalyst shows two peaks near 170 oC and
450 oC, indicating a weak acid site and a strong acid site, respec-
tively. Thus, it was confirmed that the MMZY catalyst had both
weak and strong acids. As the Si/Al2 molar ratio of the MMZY cat-
alyst was increased, the area of the peak near 170 oC increased
sharply, indicating that the number of weak acid sites increased
considerably. Further, as the molar ratio of Si/Al2 was increased, the
ratio of the acid sites to the number of weak acid sites decreased,
signifying that the acid strength decreased. These results are in good
correspondence with the general tendency of the acid strength to

Fig. 4. TEM images of the MMZY(27) catalyst.

Fig. 3. Low-angle XRD patterns of the MMZY catalysts.

Fig. 5. NH3-TPD profiles of the MMZY catalysts.
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decrease with an increase in the Si/Al2 molar ratio in microporous
zeolite catalysts.

Fig. 6 shows the IR spectra as obtained by increasing the tem-
perature from 25 oC to 300 oC under a vacuum after adsorbing pyri-
dine onto the MMZY(27) catalyst. The peaks appearing at 1,445
cm1 and 1,593 cm1 decreased significantly as the temperature was
increased, and they almost disappeared at temperatures higher than
200 oC. Therefore, these peaks are extremely weak acid sites and
are known to be H acid sites, where pyridine is hydrogen-bonded
to a silanol group (Si-OH) [19,21]. Meanwhile, even when the tem-
perature exceeded 200 oC, the magnitudes of the peaks which ap-
peared at 1,455 cm1, 1,490 cm1, 1,543 cm1, and 1,619 cm1 did
not decrease significantly. The peaks at 1,455 cm1 and 1,619 cm1

are Lewis acid sites, while the peak at 1,543 cm1 is attributed to a
Brönsted acid site. The peak at 1,490cm1 corresponds to both Brön-
sted and Lewis acids. Fig. 7 shows the pyridine FT-IR spectra of
various MMZY catalysts obtained at 200 oC under a high vacuum.
It can be confirmed that both a Brönsted acid and Lewis acid exist
in the MMZY catalyst.
3. Catalytic synthesis of tricyclopentadiene from dicyclopen-
tadiene

The pellet-type MMZY catalyst (2mm in diameter and 4 mm in
length) was input into the spinning basket reactor and an oligom-

Table 2. Amount of desorbed-ammonia during NH3-TPD over the
MMZY catalysts

Catalysts Amount of weak
acid site (mmol/g)b

Amount of strong
acid site (mmol/g)b

MMZY(6) 1.6 3.7
MMZY(12) 2.2 1.2
MMZY(27) 2.8 1.1
MMZY(48) 2.6 1.0
Regenerated MMZY(27)a 1.8 0.2

aRegenerated catalyst after fourth reuse
bAmount of desorbed ammonia

Fig. 6. FT-IR spectra of adsorbed pyridine over MMZY(27) sample
at a temperature range of 25 oC to 300 oC under 102 torr ((a)
25 oC, (b) 100 oC, (c) 150 oC, (d) 200 oC, (e) 250 oC, (f) 300 oC). Fig. 7. FT-IR spectra of adsorbed pyridine over MMZY samples at

200 oC under 102 torr.

Fig. 8. Conversion, yield and isomer selectivity over various catalysts
(Reaction condition: catalysts in endo-DCPD 4.2 wt%, reac-
tion temperature 150 oC, reaction time 1 h).
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erization/isomerization reaction of endo-DCPD was carried out at
150 oC with a catalyst/reactant rate of 4.2 wt%. These results are
presented in Fig. 8. Given that DCPD has two double bonds, vari-
ous reactions such as oligomerization and isomerization can take
place. One of these reactions is the production of TCPD from the
[4+2] Diels-Alder cycloaddition of DCPD and CPD produced by
the cracking of DCPD [10]. It is also possible to generate tetra-
cyclopentadiene (TeCPD) with the addition of CPD to TCPD. The
reaction results in this study also showed that TeCPD was produced
as a byproduct in addition to the main product of TCPD. The nota-
ble result in Fig. 8 is that the conversion of endo-DCPD and the
yield of TCPD, along with the selectivity to exo-TCPD, were most
efficient over MMZY(27) and MMZY(48) among all of the cata-
lysts prepared in this study. Moreover, the outcome was far higher
than in the microporous HY catalyst. This result can be attributed
to the size of pores in the catalyst. Because the sizes of the DCPD
molecule (ca. 0.6nm) and the TCPD molecule (ca. 0.7nm) are com-
parable to the average pore size (ca. 0.7 nm) in HY zeolites, the HY
zeolite would have a strong pore diffusion limitation.

As expected, the oligomerization/isomerization performance over
the MMZY(6) catalyst devoid of a mesoporous structure did not
differ much from that of the HY catalyst. N2 adsorption-desorp-
tion results and the XRD patterns showed that the MMZY(27) and
MMZY(48) catalysts had high BET surface areas, with their meso-
pores showing the greatest development compared to the other
catalysts. Therefore, it can be acknowledged that in the MMZY(27)
and MMZY(48) catalysts, the mesoporous structure (2.7 nm) is
responsible for the diffusion of the reactants and products into the
inner side, thereby promoting the reaction. It is noteworthy that
the MMZY(27), and MMZY(48) catalysts showed better results
than HY catalysts in terms of isomerization selectivity. These find-
ings are in good agreement with those in earlier studies that de-
monstrated that mesoporous aluminosilicate catalysts could more
effectively respond to multi-cyclic hydrocarbons than microporous
zeolite catalysts [10,22,23]. In the NH3-TPD analysis results, it was
confirmed that the acid sites on the surfaces of the MMZY(27) and
MMZY(48) catalysts showed the greatest degree of development in
the catalysts prepared in this study. The MMZY(27) and MMZY(48)
catalysts showed the best performance in the dicyclopentadiene
oligomerization/isomerization reaction likely due to the abundant
acid sites as well as the well-developed mesopore structure.
4. Regenerative test of the Catalyst

This study confirmed that after the oligomerization/isomeriza-
tion of endo-DCPD at 150 oC for 6 hours, the reaction did not
proceed anymore. The catalyst was recovered by filtration, and the
N2 adsorption-desorption results are presented in Fig. 1 and Table
1. The N2 adsorption isotherm of the deactivated MMZY(27) cata-
lyst shows a Type II isotherm, which is a typical isotherm of a non-
porous material. The BET surface area of the deactivated MMZY(27)
catalyst was drastically reduced compared to that of the fresh
MMZY(27) catalyst. The loss of the surface area and pore volume
of the MMZY(27) can be ascribed to the accumulation of high-
molecular-weight byproducts inside the catalyst pores during the
DCPD oligomerization/isomerization application.

A thermogravimetric (TG) analysis was conducted to determine
the regeneration conditions of the catalyst. The TG graph in Fig. 9

shows that the weight of the catalyst decreased until the tempera-
ture reached approximately 500 oC, indicating that in order to
degrade high-molecular-weight byproducts that block the pores of
the catalyst, regeneration of the catalyst at temperatures higher
than 500 oC is necessary. Accordingly, the deactivated MMZY(27)
catalyst was regenerated by sintering at 550 oC for three hours. As
shown in Table 1 and Fig. 1, the values for the surface area, aver-
age pore size, and pore volume of the regenerated MMZY(27) cat-
alyst after the fourth reuse were slightly smaller than those of the
fresh MMZY(27) catalyst, indicating that the removal of the high-
molecular-weight byproducts by calcination is somewhat effective
for the regeneration of the used MMZY(27) catalyst. In the low-
angle XRD pattern of the used MMZY(27) catalyst shown in Fig. 3,
the intensity of the diffraction peaks is slightly reduced compared
to that of the fresh MMZY(27) catalyst, which indicates that some
of the ordered hexagonal arrays of the mesopores had collapsed.

Fig. 5 and Table 2 show the results of an NH3-TPD analysis of
the regenerated MMZY(27) catalysts. There were fewer acid sites of

Fig. 9. Degradation temperature measurement of the deactivated
MMZY (27) catalyst.

Fig. 10. Conversion, yield and isomer selectivity over fresh and regen-
erated MMZY(27) catalysts (Reaction condition: catalysts in
endo-DCPD 4.2wt%, reaction temperature 150 oC, reaction
time 1 h).
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the regenerated catalyst compared to those in the fresh catalyst. No
significant differences could be observed in the pyridine-IR spec-
tra for the fresh catalyst and the regenerated catalyst (Fig. 7), indi-
cating that the ratio of Brönsted acid sites to Lewis acid site for the
regenerated catalyst is comparable to that of the fresh catalyst. Thus,
it was confirmed that the acidity of the deactivated MMZY(27)
catalyst is almost recovered through calcination.

Fig. 10 exhibits the endo-DCPD oligomerization/isomerization
results when using the regenerated catalysts. The DCPD conver-
sion, the TCPD yield and the TCPD isomer selectivity did not de-
crease significantly during the reuse of the catalyst five times. Con-
sequently, calcination in air at 550 oC was found to be effective for
the regeneration of the deactivated MMZY(27) pellet catalyst for
endo-DCPD oligomerization/isomerization.

CONCLUSION

It was confirmed that ordered hexagonal arrays of mesopores
were well developed in the MMZY(27) and MMZY(48) catalysts
with a high Si/Al2 ratio, whereas the mesoporous structures of the
MMZY(6) and MMZY(12) materials with relatively large amounts
of Al collapsed. As the Si/Al2 molar ratio of the MMZY catalyst was
increased, the number of weak acid sites increased prominently
and the acid strength decreased. MMZY(27) and MMZY(48) are
more effective for the oligomerization/isomerization endo-dicyclo-
pentadiene to exo-tricyclopentadiene compared to a microporous
HY catalyst. This is attributed to the abundant acid sites and to the
well-developed mesopore structure. Calcination in air at 550 oC
was found to be effective for the regeneration of the deactivated
MMZY pellet catalyst for synthesis of exo-tricyclopentadiene from
endo-dicyclopentadiene.
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