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Abstract

This study attempts to identify the active structure and the catalytic efficiency of MCM-22 zeolite after the successful
removal of pre-synthesized MCM-22(P) template by two different methods. The MCM-22(P) zeolite was firstly synthesized
by hydrothermal process with a Si0,/Al,0; ratio of 50, and its 2D layered hexamethyleneimine (HMI) precursor template
was removed by (i) thermal calcination at high temperature (550 °C) to obtain the MCM-22(C), and (ii) oxidation with H,0O,
treatment at low temperature (90 °C) to obtain the MCM-22(H,0,). The structural characteristics of MCM-22(C) and the
MCM-22(H,0,) were identified by XRD, N, absorption/desorption, FTIR, NH;-TPD and 2TAl MAS-NMR. The catalytic
performance of MCM-22(C) and MCM-22(H,0,) loaded by 20 wt% zinc nanoparticles were examined through a Friedel-
Grafts (FC) alkylation of benzene with benzyl chloride in a liquid phase environment. It was found that Zn-MCM-22(H,0,)
was more efficient in FC alkylation reaction in comparison with Zn-MCM-22(C) for the formation of intercrystal pores due

to the inhibitory influence of silonal group condensation on the external surface of MCM-22 crystals.
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1 Introduction

The MCM-22 zeolite has a unique crystal structure with
an arrangement consisting of two different pore structures.
One is made up of two-dimensional sinusoidal channels
with 10MR pore openings, and the other is 12MR inter-
layer supercages [1]. This unique structure of the MCM-
22 zeolite enables it to be used as an efficient catalyst for
different chemical catalytic reactions such as cracking [2],
disproportionation [3], esterification [4] and isomerization
[5]. To synthesize the MCM-22 zeolite, the precursor MCM-
22(P) was prepared first, and having a 2D layered structure
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of MWW layers interact together via hydrogen bonds in the
neighbouring surfaces between silanol (Si—OH) groups [6,
7]. Second, this structured directing agent (or template) has
to be removed by the thermal calcination which resulted
in condensing silanol groups and forming corresponding
3-dimensional MCM-22 zeolite [8]. The thermal calcination
is a commonly conducted process for the removal of tem-
plate from zeolite structures, but it has several disadvantages
where it may cause the distortion of thin layers of the MWW
type, and distortion of a part of 10-ring channels and 12-ring
pockets [9]. The higher temperatures required to complete
the thermal calcination may also cause a further condensa-
tion of silanol groups, that is in turn affecting the intercrystal
porosity, crystal agglomeration and a reduction in the overall
surface area [10, 11]. Another side effect of high tempera-
ture calcination is the extraction of frame aluminum and
partial amorphization due to high local temperatures during
the calcination process [12]. Thus, the template’s removal of
MCM-22 via the thermal calcination would not be a perfect
method to produce a good catalytic efficiency. Hence, other
template removal techniques such as hydrocracking [13],
microwave irradiation [14], and oxidative gases (e.g., NO,
and N,0) [15] were developed to extract the template from
the zeolites. These techniques, however, require relatively
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high temperatures (> 200 °C) for successfully removing of
the template. To overcome this concern, Xing et al. [16]
have recently attempted a mild detemplation approach of
handling MCM-56 zeolite by a direct treatment with H,0O,
at low temperatures. Similaly, a novel ITQ-2-like zeolite was
successfully synthesized by treating the MCM-22 precursor
with H,0O, [17]. Moreover, BEA zeolite was detemplated by
treating with a Fenton’s-type reagent (Fe*>*—H,0,) [18]. Nev-
ertheless, there is a lack in research addressing the detempla-
tion process of the zeolites particularly in the oxidation of
MCM-22 with H,0, solution. Importantly, the role of using
different techniques namely thermal calcination and H,O,
oxidation in removing MCM-22 zeolites’ templates on their
catalytic activities in the conversion of benzene alkylation
through Friedel Crafts reaction has not been addressed well.
Also, the role of supporting detemplated MCM-22 zeolites
by zinc nanoparticles on their acidity sites and thereof the
activity through Friedel Crafts reaction has not thoroughly
considered except [19] a conducted reaction to convert ben-
zene through Zn-MCM-22 catalyst.

In the present study, a comprehensive comparison
between the effects of the extraction process of MCM-22
template using the thermal calcination at high temperatures
and the extraction by direct treatment with H,0O, at a low
temperature was conducted. The obtained active structure
of the MCM-22 detemplated by both methods was identified
by XRD, SEM, N, adsorption/desorption, FTIR, Al MAS
NMR spectra, and the NH;-TPD profiles. The catalytic activ-
ity of the detemplated MCM-22 zeolites by both methods
after its being loaded with 20 wt% Zn metal was evaluated
via the alkylation process of benzene with benzyl chloride
in liquid phase through a Friedel-Crafts alkylation reaction.

2 Experimental part
2.1 Preparation of the MCM-22(P)

The MCM-22(P) precursor zeolite, which has a Si0,/Al,0;
ratio of 50, was hydrothermally synthesized following the
procedure described by Corma et al. [20]. A fumed silica
(SiO,, Cab-0-Sil M5) was used as a Si source, NaAlO, (33%
Al,0;, 35.5% Na,O, Aldrich) as Al source, NaOH (99.5%,
Merck) and hexamethyleneimine (HMI, 99%, Aldrich) as a
template material. The mixed gel was put inside a PTFE-
lined stainless-steel autoclave, stirred at 60 rpm and heated
at 150 °C for 10 days. The product was thoroughly washed
with deionized water and dried in an oven at 60 °C overnight.

2.2 Removal of the HMI template

In this study, two detemplation methods were applied to
remove the organic template (HMI) from the synthesized
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MCM-22(P). The first is the MCM-22(P) was detemplated
by using the thermal calcination, inside a vacuum tube fur-
nace at 550 °C for 5 h to obtain the MCM-22(C). The other
is the MCM-22(P) which was oxidized twice with 30% H,0,
solution (liquid/solid ratio=5 cm?/g) in a flask under contin-
uous stirring at 90 °C for 20 h to obtain the MCM-22(H,0,).

2.3 Synthesis of the catalysts

After the preparation of MCM-22(P) zeolites and their tem-
plates removal, the obtained MCM-22(C) and the MCM-
22(H,0,) catalysts were loaded by 20 wt% Zn, zinc nano-
particles. An incipient impregnation technique was used
to deposit the Zn metal from zinc chloride (ZnCl,, 99.0%,
Aldrich) as a precursor. A 2 g ZnCl, powder was dissolved
in 50 ml methanol, and added into a 10 g MCM-22(C) and
another 10 g MCM-22(H,0,) precursor at a continuous stir-
ring in a small aliquots with 1 ml/min. The resultant paste
was dried for 3 h at 120 °C to remove any remaining water
and occluded volatiles before being calcined at 200 °C
following a 2 °C/min as a ramp rate. To better undertand
the synthesis process and two detemplation process of the
MCM-22 used in the study, a schematic sketch is provided
in Fig. 1.

2.4 Characteristics of the catalysts

The XRD analysis of the synthesized zeolites was conducted
by Siemens D-5000 with Cu-ka radiation in the range of
5-55°(20) at 40 kV and 30 mA. The morphological charac-
teristics of MCM-22(H,0,) and MCM-22(C) were examined
using SEM-JSM-6010 LV. The N, adsorption/desorption
analysis was determined by a Micromeritics ASAP 2000 to
identify the role of two detemplation methods on the phys-
icochemical properties of MCM-22(C) and MCM-22(H,0,)
zeolites. The FTIR analysis and 2”Al MAS NMR spectrom-
eter of all zeolites were measured by Bruker Vector-22 and
Varian VXR-4008S, respectively. The acidic nature of the
catalyst was analyzed with Chemisorb 275050 by temper-
ature-programmed ammonia desorption (NH;-TPD). A
Microwave Plasma Atomic Emission Spectroscopy (model
4100-MP-AES) was used to examine the probability of Zn
leaching from the catalyst, and analyze the filtrated solutions
after the reaction.

2.5 Evaluation of catalytic efficiency

20 wt% Zn-MCM-22(C) and Zn-MCM-22(H,0,) catalysts
were prepared and tested for the benzylation of benzene with
BC to investigate the effectivencess of these two detempla-
tion methods. 0.025 mol BC and 0.5 mol benzene (mole BC/
mole benzene =20) were prepared as a standard benzylation
solution with a catalyst load of 25 mg cm™>. Samples were
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collected and analyzed by using a gas chromatograph (HP-
6890) fortified with a capillary column and FID detector.

3 Results and discussion
3.1 XRD and SEM analysis

Figure 2A displays the XRD patterns of the prepared pre-
cursor MCM-22(P), and the detemplated samples of MCM-
22(C) and MCM-22(H,0,) zeolites. The MCM-22(P) XRD
pattern is in line with those presented in literature [19, 21].
Moreover, at 20 values of 7.1 and 7.8, two diffraction peaks
at (101) and (102) suggest the organized layered arrange-
ment of MCM-22(P) along with the perpendicularly aligned

(A)

MCM-22(H,0,)

Intensity (a.u.)

MCM-22(C)

0 10 20 30 40 50
2 Theta (degrees)

layers arranged vertically to the ¢ axis [22]. Prior to tem-
plate removal, the diffraction peaks in the 2 range of 13-30°
are wide, and some of them overlap. Thermal calcination
and H,0, treatment all resulted in major improvements in
the XRD patterns of MCM-22(P) after the template was
removed. The diffraction peak of (002) plane at 26 =6.6°
for MCM-22(P) indicates the MWW stacking layers. This
peak, however, had disappeared in the XRD patterns of
MCM-22(C) and MCM-22(H,0,). A reflection peak at
20=7.1° band for the (100) plane corresponding to the
MWW intra-layer can be observed in XRD patterns of all
MCM-22 zeolites. The intensity of this peak is much higher
in the XRD pattern for the H,O, treated zeolite than that
for the calcined one. This indicates that the template elimi-
nation by H,O, treatment can attenuate the collapse of the

(B)

A A Arhn ZN-MCM-22(H02)-Used
MZn-MCM-ZZ(HZOZ)-Fresh

Zn-MCM-22(C)-Used
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Fig.2 XRD powder patterns for the A MCM-22 samples and B fresh and used Zn-MCM-22 catalysts
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zeolite structure which was also evidenced by the results
of 2’ AL MAS NMR (Fig. 7). This could be attributed to
the reduction of dealumination because of the lower tem-
perature of H,O, treatment. In additions, the XRD patterns
of both MCM-22(C) and MCM-22(H,0,) had a number
of broad intensities at 20 =12.5° for (112) plane and 23.3°
for (106) plane indicating the condensation of the termi-
nal silanol groups (-Si—O-H) on the MCM-22(C) sheets
[23]. Interestingly, these intensities seem to be shorter
in the MCM-22(H,0,) for the lower condensation of the
terminal silanol groups verified by the results of textural
properties of MCM-22(H,0,). The peak at wide angles of
20=26.2° band corresponding for the (310) plane appeared
in all the XRD patterns, and this means that the template
removal from the MCM-22(P) structure did not affect the
crystallinity of the MCM-22 regardless of the type of the
removal method whether thermal calcination or H,O, oxi-
dation. Figure 2B shows the differences in XRD patterns
between the Zn-MCM-22(C), Zn-MCM-22(H,0,) and those
of MCM-22(C), MCM-22(H,0,) which are mostly due to
the relative intensity of the (100) and (101) XRD peaks.
For MCM-22(C) and Zn-MCM-22(C), the ratio falls from
1.62 to 1.41, while in the MCM-22(H,0,) and Zn-MCM-
22(H,0,) falls from 1.88 to 1.31. This difference in the XRD
intensity suggesting that Zn atoms are incorporated in the
framework of MCM-22. The XRD peaks of the Zn-MCM-
22(C) and Zn-MCM-22(H,0,) appear after being used in
the conversion reaction. There is no significant difference
can be noted from the intensity of the diffraction peaks of
the fresh and used catalysts, indicating the stability of these
catalysts even after use.

The morphological characteristics of the fresh MCM-
22(H,0,) and fresh MCM-22(C) catalysts were examined
using SEM analysis as shown in Fig. 3A and B. We can

B

clearly observe a dense, bright and more porous structure of
the MCM-22(H,0,) versus a coarser and rougher structure
of the MCM-22(C).

The EDX analysis as described in Table 1, was used to
determine the weight percentages of Zn particles loaded
on the fresh and used MCM-22(C) and MCM-22(H,0,)
catalysts.

3.2 N, adsorption/desorption analysis

The MCM-22(C) and MCM-22(H,0,) zeolites’ N, adsorp-
tion/desorption isotherms are depicted in Fig. 4. In general,
the MCM-22 zeolite depicts type I isotherm for its micropo-
rous structure [24]. From this figure, it can be obviously
seen that the hysteresis loop of the MCM-22(H,0,) is a little
wider and higher than the loop of the calcined MCM-22.
This could be attributed to the increment of the surface area
and increment in the mesoporous structure of the zeolite
detemplated by H,O, treatment.

Table 2 lists the textural properties including the surface
area and the pore volume for the detemplated zeolites. The
total surface area of the zeolite detemplated by H,0, treat-
ment (605.18 cm? g~') seems to be larger than that for the
zeolite detemplated by thermal calcination (513.22 cm? g 1)

Table 1 EDX analysis of the fresh and used catalysts

Catalyst Zn loading EDX (wt%)

Fresh Used
Zn-MCM-22(C) 20.1 (19.99)420.1)°
Zn-MCM-22(H,0,) 20 (20.05)%(19.98)°
41st used
b5th used

PAMMOE 1 5.0k

Fig.3 SEM images of A fresh MCM-22(H,0,) and B fresh MCM-22(C)
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Fig.4 N, adsorption/desorption isotherms of the MCM-22(C) and
MCM-22(H,0,)

by almost 18% increase. Similarly, the exterior surface area
and the pore volume of the MCM-22(H,0,) zeolite were
bigger by 33% and 11.5%, respectively than those values of
the MCM-22(C) zeolite.

The increased surface area and the pore volume due to
the template removed from the MCM-22(P) by H,0O, treat-
ment induced a lesser condensation of the Si—OH silanol
groups connected to the MWW layer by hydrogen bonding,

and it also induced the formation of inter and intra-crystal
mesopores [11]. Table 2 shows that the H,O, treatment
exposed more 10-ring channels and 12-ring pockets in the
synthesized zeolite, resulting in increased microporous sur-
face area (S,,;.,) and microporous volume (V) of the
MCM-22(H,0,). In terms of the calcined zeolites, the heat
produced during the direct thermal calcination will cause
more structural agglomeration and distortion of zeolite par-
ticles, ending with the creation of some piled pores [16].

3.3 FTIR analysis

The FT-IR spectra of the MCM-22(P), MCM-22(C) and
MCM-22(H,0,) zeolites have been illustrated by Fig. 5. The
FTIR spectrum for the MCM-22(P) zeolite exhibited band
at 1455 cm™! is attributed to -NH— groups. Moreover, the
bands at 1469 cm™' (C-H bending vibrations), 2863 cm™!
and 2935 cm™~! (C-H stretching vibration) of the template
can be easily observed. This finding was in conformance
with [25]. These bands, however disappeared in the FTIR
spectra of the MCM-22-C and the MCM-22-H,0, zeolite.
This indicates that the molecules template was successfully
removed by thermal calcination and H,0O, oxidation and
showed a similar effect on the vibrational relaxation and
chemical bonding structure.

Figure 6 depicts the TGA-DTA spectra for the precur-
sor MCM-22(P), detemplated MCM-22(C) and MCM-
22(H,0,), and Zn-MCM-22(C) and Zn-MCM-22(H,0,)

Table 2 Textural properties of Material S 2 -1 S . 2 -1 S 2 -1 V. 3,1

the MCM—22(C) and MCM— aterials Total (m g ) micro (m g ) exter (m g ) micro (Cm g )

22(H,0,) MCM-22(C) 513.22 358.14 155.08 0.191
MCM-22(H,0,) 605.18 399.06 206.12 0.213

T-plot approach is approved for total surface area and microporous area and pore volume

Fig.5 FT-IR spectra of the
zeolite frameworks: (a) MCM-
22(P), (b) MCM-22(C) and (c)
MCM-22(H,0,)

1455

3000 2800 2600 2400 2200 2000 1800 1600 1400 1200

Wavenumber/ cm
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Fig.6 The TGA-DTA curves of the synthesized catalysts
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Fig.7 The 27Al MAS NMR spectra for the MCM-22(P) (a), MCM-
22(C) (b) and MCM-22(H,0,) (¢)

zeolites. The weight loss from MCM-22(P) was 32%,
while it was 1.35% and 1.81% for the MCM-22(C) and
MCM-22(H,0,) in the temperature range of 120-600 °C,
respectively. The DTA profile of the MCM-22(P) had two
large weight losses, the first was around 100 °C caused
by physisorbed water and the other of 400-550 °C for the
template. The DTA profle of the MCM-22(C), MCM-
22(H,0,), Zn-MCM-22(C) and Zn-MCM-22(H,0,)
revealed an apparent weight loss around 100 °C for the
physisorbed water while the other peak disappeared due
to the template removal.

@ Springer

3.4 The ’AI-MAS NMR analysis

The 2’ Al-MAS NMR spectroscopy is used to investigate the
coordination environment of the Al atoms in the zeolitic
structures. Figure 7 displays the 2’A1 MAS NMR spectra
for the synthesized MCM-22(P), MCM-22(C) and MCM-
22(H,0,). The ’AI-MAS NMR spectrum (Fig. 7a) of the
precursor MCM-22(P) zeolite with the organic template
(HMI) has only one peak at 54 ppm resonance band refer-
ring to a tetrahedrally coordinated Al [26]. In Fig. 7b, two
peaks can be observed, the first lies at about 54 ppm indi-
cating the existing tetrahedrally coordinated Al framework.
The other peak lies at about 0 ppm indicating the existence
of Al as an octahedrally coordinated extra-framework [27,
28], which showed that thermal calcination can significantly
enhance MCM-22 dealumination. However, in terms of
using H,0,-oxidation (Fig. 7¢) for the template removal,
it seems that there is no extra-frame Al species present
(0 ppm), and all aluminium stays tetrahedrally coordinated
(54 ppm). It can be concluded that H,O, treatment has effi-
ciently reduced the dealumination process of the MCM-22,
and inhibited the condensation of the Si—OH silanol groups
on the surface of the MCM-22 crystals due to the reduced
temperature treatment.

3.5 The NH;-TPD analysis

The NH;-TPD desorption analysis was used to measure
the surface concentration of acid sites and their intensity
distribution, and the findings are presented in Fig. 8. Both
MCM-22(C) and MCM-22(H,0,) have two NH; desorp-
tion peaks, which relate to the weak as well as strong acidic
sites [22]. For the MCM-22(C), the temperature of the initial
NH;-desorption peak is around 190 °C that is lower than
202 °C for the MCM-22(H,0,). The temperature of the
next NH;-desorption peak; however, is very close to 374 °C
for both MCM-22(C) and MCM-22(H,0,). These findings
showed that the acid concentration of the weak acidic sites
of MCM-22(H,0,) is higher than those of MCM-22(C),
whereas the acid concentration of the strong acidic sites
of MCM-22(C) and MCM-22(H,0,) proves to be almost
identical. The overall number of acidic sites over MCM-
22(H,0,) is obviously greater than MCM-22(C) due to the
greater concentration of bridging hydroxyl groups (SIOHALI)
of MCM-22(H,0,) and the higher Al structure in MCM-
22(H,0,). It can be assumed that the removal of the template
from MCM-22(P) utilizing H,0, treatment may prevent the
dealumination and successfully maintain the acidic sites.
In addition, from Fig. 8, it can be observed that both Zn-
MCM-22(C) and Zn-MCM-22(H,0,) have higher acidic
sites densities compared with the catalysts without Zn load-
ing for the presence of Lewis acid center that resulted from
the Zn moiety on the MCM-22. In the meantime, the acidic
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Fig.9 The conversion percentages of benzene over the MCM-22 cat-
alysts with and without Zn loading. The reaction conditions: 0.5 mol
benzene, 0.025 mol BC, 80 °C and 25 mg cm™ of catalyst

site density of the Zn-MCM-22(H,0,) is higher than that
of the Zn-MCM-22(C) for the presence of Si—OH silanol
groups bound to the MWW structure layer in the Zn-MCM-
22(H,0,) catalyst.

Temperature/°C

3.6 The catalytic activity

The catalytic activity of the Zn-MCM-22(C) and the Zn-
MCM-22(H,0,) catalysts synthesized by removing the HMI
template from the MCM-22(P) zeolite by thermal calcina-
tion and H,O, oxidation, respectively, was evaluated based
on benzene alkylation by benzyl chloride through the Frie-
del—Crafts reaction. Figure 9 shows the conversion percent-
ages of benzene alkylation via benzyl chloride above the
MCM-22(C) and MCM-22(H,0,) catalysts through Frie-
del—Crafts reaction. It can be clearly seen that the activity of
the oxidised MCM-22(H,0,) had a higher conversion effi-
ciency versus the calcined MCM-22(C) catalysts. It could
be inferred that calcination of MCM-22(P) causes some
of the initial Si~O-Al bonds to decompose, and that H,O,
treatment for MCM-22(C) allows the original structure of
MCM-22 to be preserved, preventing Al atoms from escap-
ing from the zeolite framework and increasing the number of
accessible acid sites as the surface area increases [29]. The
role of zinc nanoparticles loaded on the detemplated zeolites
on their catalytic activity in benzene alkylation through Frie-
del—Crafts reaction was also considered. As shown in Fig. 9
and Table 3, the Zn-MCM-22(H,0,) catalyst exhibits a high
conversion and the alkylation reaction of benzene completed
in 40 min versus a 60 min for the same reaction with the

Table 3 Alkylation results

. Catalysts Time (min) Conversion (%) Monobenzylation Diben-
of conversion of benzene .
. (%) zylation
and selectivity of mono and (%)
dibenzylation over different
catalysts MCM-22(C) 60 26 99.0 1.0
MCM-22(H,0,) 60 45 98.97 1.03
Zn-MCM-22(C) 60 81.17 98.99 1.01
Zn-MCM-22 (H,0,) 60 100.00 95.98 4.02
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Zn-MCM-22(C) catalyst. This indicates that the number of
acidic sites above the Zn-MCM-22(H,0,) is greater than that
above the Zn-MCM-22(C) due to a higher concentration of
bridging hydroxyl (SiOHAI) groups and more Al structure
in the MCM-22(H,0,). In brief, the catalytic activity of the
MCM-22(H,0,) is greater than the MCM-22(C) since the
MCM-22(H,0,) has more 10-ring channels, 12-ring pock-
ets (C) and Si—OH silanol groups connected to the MWW
structure layer.

Figure 10 shows a schematic sketch of a detailed mecha-
nism of benzene alkylation by benzyl chloride. It involves
the surface-active sites of the catalyst zinc chloride sup-
ported on the MCM-22. The interaction between the benzyl
chloride and the zinc metal on the catalyst surface forms a

weak interaction between the CI and Zn atoms and thereof
may weaken the C—ClI bond.

To further understand the activity of the presently syn-
thesized catalysts in the conversion percentages of benzene
alkylation, Table 4 compares the results obtained from rel-
evant published studies. The Zn-MCM-22(H,0,) showed its
premium efficiency of 100% in the alkylation of benzene in
relation to the other catalysts.

Figure 11 shows the conversion percentages for the Zn-
MCM-22(C) and the Zn-MCM-22(H,0,) catalysts after
five times leaching test. Both catalysts showed their perfect
stablility after five times of the reusability test without obvi-
ous change in their activities. In the meantime, Zn-MCM-
22(H,0,) catalyst had more stability than Zn-MCM-22(C).

H,C% Tl Tl
\\\Cl ______ Zln Zln
5-
H~ 3 : 0
- | (80°C, 60 min) _ + + HCl
(Stirring )

Si
\O/ | \O/

Catalysrt surface

Si
\O/ \0/

Catalyst surface

Fig. 10 Schematic sketch showing the mechanism of the Friedel-Grafts benzylation of benzene with benzyl chloride

Table4 A comparison of the conversion efficiency for the Zn-MCM-22(H,0,) prepared in this study with the catalysts used in the previous

studies
Samples Conversion (%) Si/Al ratio Reaction conditions Refs.
Zn-MCM-22 (H,0,) 100 50 0.5 mol benzene, This study
0.025 mol BC, Temp=80 °C, Time=1 h, and
25 mg cm™ of the catalyst
MCM-22 76.05 15 Pressure=3.5 MPa [30]
BEA zeolite 76.25 13 Temp =180 °C, Time=2 h, WHSV propane=6.2 h™!
MIL-101-Fe 72.9 - Temp =150 °C, gas phase condition [31]
MIL-88-Fe 72.1
ZSM-5 12.2 7.86 Liquid phase alkylation of benzene. Temp="70 °C, [32]
Mordinate-MOR 40.0 19.60 Time =4 h, Atmspheric pressure, and 0.5 g of catalyst
BEA 86.6 12.92
HY-zeolite 63.7 3.30
Acid-treated ZSM-5 40 44.9 Atmospheric pressure [33]
Alkali treated ZSM-5 43 29.1 0.5 g of the catalyst, fixed bed reactor, and WHSV =2 h!
H-beta zeolite 20 38.6 Alkylation of benzene with isobutylene, fixed bed reactor, [34]
pressure =3.5 MPa, WHSV =4 h™!, Temp =240 °C
BEA 23 4.8 0.5 g of the catalyst [35]
FAU 8 6.0 Time=1 h, Temp=180 °C

n-heptane as GC internal

WHSV weight hour space velocity, MIL-101-Fe is Metal-organic frameworks (MOFs)
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Fig. 11 Reusability of the Zn-MCM-22(C) and the Zn-MCM-
22(H,0,) after five uses. Reaction conditions: 0.5 mol benzene,
0.025 mol BC, 80 °C and 25 mg cm™> of catalyst

Table 5 MP-AES analysis of the filtered liquid

Zn-MCM22(C) Zn-MCM22(H,0,)

Fresh Used Fresh Used
Concentration of Zn ~ 0.04  (0.06)*0.04)® 0.05  (0.05)%0.06)°
(ppm)
% of Zn resulting 0.15  (0.21)*(0.15)° 0.18 (0.18)*0.21)°
21st used
®5th used

This is attributed again to the high concentration of (SiO-
HALI) groups and the more Al structure in the Zn-MCM-
22(H,0,) catalyst.

The MP-AES examination of the filtered liquid of Zn-
MCM22(C) and Zn-MCM22(H,0,) from each use of the
recyclability study showed almost negligible concentrations
of zinc particles, which have leached from the fresh catalysts
as shown in Table 5.

4 Conclusions

Based on the results obtained, we can conclude that the
H,0, treatment was a more efficient method in the removal
of the organic HMI template from the precursor MCM-
22(P) than the thermal calcination. The surface area and
the pore volume of the detemplated zeolite by H,0O, treat-
ment increased without comprising the crystalline struc-
ture. The creation of extra frame Al decreased because of
the treatment low temperature. Besides, the condensation
of the silanol groups (-Si—O-H) on the exterior layer of

the MCM-22 layers has restricted which induces a higher
amount of the intercrystal pores.

The benzylation conversion of benzene with the aid of
MCM-22(H,0,) was more active than that of MCM-22(C).
The loading of zinc into the detemplated zeolites resulted
in an enhanced catalytic performance and much higher
conversions for the presence of acidic sites. Interestingly,
we can reveal that the detemplation method with H,O, can
be ideal for some other forms of MWW zeolites whose
structures and properties would be simply affected by the
direct calcination with the extraction of the template.
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