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ZSM-2 nanorods with crystal size around 50 nm were successfully synthesized at ambient temperature
(30 �C). The crystallization process of ZSM-2 zeolite under ambient temperature was studied and
discussed according to the measurement of crystallization kinetic curve, and characterizations with
multiple techniques, such as X-ray diffraction (XRD), scanning electron microscopy (SEM), low-temper-
ature N2 adsorption/desorption analysis, thermogravimetry analysis (TG) and nuclear magnetic reso-
nance (NMR) etc. The ZSM-2 zeolite synthesized at ambient temperature presented different crystal
morphologies and large specific area as compared with the sample synthesized at high temperature
(100 �C). Furthermore, 29Si MAS-NMR showed that the nanoscale ZSM-2 obtained by ambient synthesis
contained more EMT phase and lower Si/Al ratio than that of micrometer-sized ZSM-2 crystals obtained
at 100 �C. More interestingly, NMR and low-temperature N2 adsorption/desorption characterizations
revealed that the local environment of Al did not change much while that of Si did change a lot during
the ambient crystallization process, and the micropore area increased rapidly while the micropore size
distributions of the samples changed little with increasing crystallization time.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Zeolite ZSM-2 possesses the super-cage structure with 12-ring
opening pores, and has been described as an intergrowth of cubic
FAU structure (faujasite) and hexagonal EMT structure (hexagonal
faujasite) [1]. The ZSM-2 zeolite, due to its similar acidity and
structure as the most important catalyst of zeolite Y (FAU), has
great potential in its applications in the fluidized-bed catalytic
cracking (FCC) process as a candidate catalyst [2]. ZSM-2 zeolite
was originally synthesized by aging aqueous solution of amor-
phous glasses (Li2O–Al2O3–SiO2) at room temperature, followed
by hydrothermal treatment at 55–60 �C for 30 days and in this
way, ZSM-2 zeolite crystals sized approximately in 0.5 lm could
be obtained [3]. Subsequently, Barrer and Sieber [4] obtained the
platelet ZSM-2 zeolite crystals with diameter about 0.75–1.0 lm
from the gels prepared by adding the solution of lithium and
cesium to tetramethylammonium (TMA)-aluminosilicate solution,
and the crystallization temperature was 90 �C. After that,
Schoeman et al. [5] synthesized ZSM-2 with crystal sizes less than
100 nm by heating the gels of TMA-aluminosilicate solution to-
gether with lithium cation at 100 �C for 12 h.

Nanosized zeolites exhibit distinct advantages over conven-
tional micrometer-sized zeolites in catalytic and sorption processes
due to their larger external surface areas, higher surface activity and
lower mass and heat transfer resistance [6]. Zeolite nanocrystals
could be obtained via clear solutions synthesis [7–11], confined-
space synthesis [12–14], or ambient synthesis etc. [15–17]. Among
these synthesis strategies, the ambient synthesis opened new
avenues for fundamental studies of zeolite nucleation and growth
processes due to its slow crystal growth kinetics, in addition to its
economic and environmental benefits [16,17]. For instance,
Mintova successfully synthesized LTA-type crystals at room tem-
perature and predicted that the LTA-type zeolite crystallization
process was mainly a solution-mediated mechanism [10]. Sand
et al. obtained zeolite A with a crystallinity of about 75% from a con-
ventional template free Na2O–Al2O3–SiO2–H2O system after
28 days at room temperature [15]. The template free synthesis of
FAU-type zeolite at room temperature was reported and zeolite
nucleation and crystallization process was studied by TEM [16].
Very recently, ultrasmall hexagonal EMT nanocrystals had been
synthesized at ambient temperature of 30 �C without using any
organic template [17]. In brief, the ambient synthesis conditions re-
stricted the growth of zeolite crystals and facilitated the generation
of nanocrystals. Especially the slow crystal growth kinetics at room
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temperature allowed us to study the crystallization process of
zeolite.

In this study we have successfully synthesized ZSM-2 nanocrys-
tals at ambient temperature of 30 �C. The crystallization process of
ZSM-2 nanocrystals was studied by X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), low-temperature N2 adsorption/
desorption analysis, thermogravimetry analysis (TG) and nuclear
magnetic resonance (NMR) etc. The effects of crystallization time
on the ambient synthesis were investigated, and the characteristics
of nanosized ZSM-2 zeolite obtained by ambient synthesis were
compared with those of micrometer-sized ZSM-2 zeolite crystal-
lized at high temperature (100 �C). Furthermore, we investigated
the transformation of the Al and Si coordination state and textural
properties during the ambient crystallization process by means of
MAS-NMR and low-temperature N2 adsorption/desorption
characterizations.
Fig. 1. XRD patterns of the samples corresponding to ambient crystallization curve.
2. Experimental section

2.1. Synthesis

The chemical reagents used in the experiments included tetra-
ethyl orthosilicate (TEOS, P98%, Tianjin Kemiou Chemical Reagent
Co. Ltd.,), aluminium isopropoxide (AIP, Al2O3 P 24.7 wt%, Sinop-
harm Chemical Reagent Co. Ltd.,), LiOH (P98%, Aladdin Chemistry
Co. Ltd.,), tetramethylammonium hydroxide (TMAOH, 25% in
water, Aladdin Chemistry Co. Ltd.,). All the above reagents were
used without further purification.

A typical synthesis procedure was as follows. Firstly, organic
amine, AIP, and water were added into a plastic beaker with stirring
at room temperature to prepare a clear aluminate solution. Next,
appropriate amount of TEOS was directly mixed with the freshly
prepared aluminate solution under stirring for 2 h so as to obtain
a clear aluminosilicate solution. Then, the LiOH solution was drop-
wise added into the above obtained aluminosilicate solution with
strong agitation to get the final gel with molar composition of
2.5LiOH:1AIP:2.5TEOS:2.5TMAOH:435H2O. This mixture was aged
for 4 h with agitation and then transferred into a stainless steel
autoclave, placed in an oven statically at the ambient temperature
(30 �C) or high temperature (100 �C) for a certain time. After the
crystallization, the powdered products were recovered with centri-
fugation, washed with deionized water until pH < 8, and then dried
at room temperature for 24 h for further characterization. The sam-
ple synthesized at 100 �C for 2.5 days was named as sample HS. The
samples crystallized at 30 �C for 0, 3, 4, 4.5, 5, 5.5, 6, 7, 9, 15, 18, 24,
and 27 days were named as 0 d, 3 d, 4 d, 4.5 d, 5 d, 5.5 d, 6 d, 7 d, 9 d,
15 d (AS), 18 d, 24 d, and 27 d, respectively. The ambient crystalli-
zation kinetic curve of ZSM-2 zeolite was plotted against the rela-
tive crystallinity which was evaluated according to the first peak
intensities of the XRD patterns. The sample of 15 d with the first
peak intensity reaching the maximum was defined as completely
(100%) crystalline. Calcination was carried out at 400 �C for 2 h to
remove organic species.
Fig. 2. Ambient crystallization kinetic curve of nanoscale ZSM-2 crystals.
2.2. Characterization

As-synthesized products were examined using X-ray powder
diffraction (XRD) for phase identification. The X-ray diffraction
patterns were recorded with a PANalytical X’Pert PRO X-ray dif-
fractometer using the Cu-Ka radiation (k = 1.54059 Å), operating
at 40 kV and 40 mA. The crystal size and morphology were
measured by a Hitachi SU8020 scanning electron microscopy. All
the solid state NMR experiments were performed on a Bruker
AvanceIII 600 spectrometer equipped with a 14.1 T wide-bore
magnet. The resonance frequencies were 156.4 and 119.2 MHz
for 27Al and 29Si, respectively. 27Al MAS-NMR experiments were
performed on a 4 mm MAS probe with a spinning rate of 13 kHz.
27Al MAS-NMR spectra were recorded using one pulse sequence.
600 scans were accumulated with a p/8 pulse width of 0.75 ls
and a 2 s recycle delay. Chemical shifts were referenced to (NH4)-
Al(SO4)2�12H2O at �0.4 ppm. 29Si MAS-NMR spectra were recorded
with a 7 mm MAS probe with a spinning rate of 5 kHz using high-
power proton decoupling. 1024 scans were accumulated with a p/
4 pulse width of 2.5 ls and a 10 s recycle delay. Chemical shifts
were referenced to 4,4-dimethyl-4-silapentane sulfonate sodium
salt (DSS). Textural properties of the calcined samples were deter-
mined by N2 adsorption–desorption isotherms at 77 K on a
Micromeritics ASAP 2020 system. The total surface area was calcu-
lated based on the BET equation. The micropore volume and micro-
pore surface area were evaluated using the t-plot method. The
micropore size and mesopore size distributions were calculated
using the HK method and BJH method, respectively. The thermo-
gravimetry analysis was performed using a TA Q-600 analyzer.
The samples were heated from room temperature to 900 �C with
a heating rate of 10 �C/min in an air flow of 100 ml/min. The con-
tents of water and template in the as-synthesized samples were
calculated according to the weight losses at the temperature lower



Fig. 3. XRD patterns of as-synthesized sample HS and sample AS. (� the peak at 2h
of about 7.15�).

Fig. 5. N2 adsorption–desorption isotherms of as-synthesized sample HS and
sample AS.
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than 300 �C and in the range of 300–600 �C in the TG curve,
respectively.
3. Results and discussion

3.1. Ambient synthesis of ZSM-2 nanocrystals

The XRD patterns of the samples corresponding to the crystalli-
zation time are shown in Fig. 1 and the ambient crystallization
kinetic curve of ZSM-2 nanocrystals (Fig. 2) was plotted according
to the relative crystallinity of the samples shown in Fig. 1. As shown
in Fig. 2, the ambient crystallization kinetic curve exhibited typical
three stages [18,19]. First stage with no apparent diffraction peak in
the XRD patterns from 0 day to 3 days could be defined as inducing
period, which comprised the dissolution of the raw material and the
process of spontaneous nucleation [18]. Then the second stage up to
Fig. 4. SEM images of as-synthesiz
9 days with the crystallinity linearly increasing to 98% was identi-
fied as the period for continuous growth on the spontaneous nuclei
produced in the first stage. In this process, the XRD patterns showed
the peaks corresponding to ZSM-2 zeolite, and the intensities of the
peaks linearly increased with increasing hydrothermal crystalliza-
tion time. The crystallization process was completed at 15 days
with the crystallinity up to 100%. This stage with the crystallinity
maintaining at more than 90% from 9 days to 27 days, was belonged
to the period of re-crystallization and perfection of the zeolite
crystallites.
3.2. Comparison of ZSM-2 crystallized at high temperature (100 �C)
and ambient temperature (30 �C)

The temperature was of great importance for the zeolite crystal-
lization. The properties of ZSM-2 zeolite synthesized at high
temperature of 100 �C for 2.5 days (sample HS) and at ambient
ed sample HS and sample AS.



Table 1
Textual properties of sample HS and sample AS.

Sample Surface area (m2/g) Pore volume (cm3/g)

Stotal
a Smicro

b Sext
c Vtotal Vmicro

d

HS 425 364 61 0.27 0.17
AS 550 359 190 1.00 0.17

a BET surface area.
b t-plot micropore surface area.
c t-plot external surface area.
d t-plot micropore volume.

Table 2
Thermogravimetry analysis results of sample HS and sample AS.

Sample Weight loss (%)

I (<300 �C) II (300–600 �C) III (600–900 �C)

HS 17.91 3.85 0.16
AS 20.66 8.53 0.48
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temperature of 30 �C for 15 days (sample AS) were compared in this
section. The XRD patterns of sample HS and sample AS shown in
Fig. 3 exhibited the similar crystallinity. Since the slow kinetic pro-
cess, the ambient synthesis required longer time to obtain the same
crystallinity of ZSM-2 zeolite as that synthesized at 100 �C. Both of
sample HS and sample AS exhibited typical X-ray reflection peaks of
ZSM-2 zeolite without any detectable impurities. However, there
was still some slight difference observed in the X-ray diffraction
patterns of sample HS and sample AS. In particular, the peak ob-
served at 2h of about 7.15� in the XRD pattern of sample HS almost
disappeared in the XRD pattern of sample AS. The diffraction peaks
of sample AS significantly broadened as compared with those of
sample HS, which could be attributed to the small zeolite crystal
size [20,21]. As shown in Fig. 4, the crystal size of sample HS was
about 1–2 lm and that of sample AS was 50 nm in length. Sample
HS and sample AS also displayed very different morphologies as
shown in Fig. 4. Sample HS appeared with two different morpholo-
gies, one was plate-like crystal with size of about 0.5 lm, and
another was the aggregation of rods with crystal size of about
1–2 lm. But the sample AS was mainly composed of rod-like parti-
cles of ZSM-2 with crystal sizes around 50 nm in length.

The textural properties of sample HS and sample AS were char-
acterized by nitrogen physical adsorption. Isotherms and BJH pore
Fig. 6. TG and DSC curves of as-synth
size distribution are shown in Fig. 5. Sample HS displayed a typical
type I isotherm with the characteristic of microporous materials.
However, sample AS gave a type III isotherm with a large hysteresis
loop starting at P/P0 � 0.9, which could be explained by the con-
densation of nitrogen molecular in pores. The porous space of sam-
ple AS was attributed to the interparticle voids with a broad BJH
porosity distribution of 5–50 nm, generated by the agglomeration
of nanoscale crystalline particles. The textual properties of sample
HS and sample AS are listed in Table 1. The micropore surface area
and micropore volume of sample HS were 364 m2/g and 0.17 cm3/
g, respectively, and these values were 359 m2/g and 0.17 cm3/g for
sample AS. The sample HS and sample AS exhibited very close
micropore surface area and micropore volume, which indicated
that the crystallinity of the two samples was similar. For sample
HS, the BET specific surface area and the external surface area were
425 and 61 m2/g, respectively, while these values were 550 and
190 m2/g for sample AS. The rich external surface area of sample
AS was consistent with the reduction in particle size observed in
the XRD patterns and SEM images.

In order to investigate the content of the organic template in the
sample HS and sample AS, the thermogravimetry analysis was car-
ried out and the TG/DSC curves are shown in Fig. 6. One endother-
mic peak and two exothermic peaks appeared in the DSC curves of
both of the two samples. The weight loss with endothermic effect
in the temperature range of 100–300 �C were due to the water
desorption from zeolites. The sample HS and sample AS contained
about 17.9% and 20.7% water before 300 �C, respectively. The
weight loss in the temperature range of 300–600 �C of samples
HS and AS with exothermic effect were attributed to the removal
of organic amine. Notably, the weight loss of organic amine re-
moval from sample AS was more than twice of that from sample
HS, which was mainly due to a lot of organic amine adsorbed on
the rich external surface area of sample AS being difficult to wash
away. The exothermic peaks at high temperature range without
weight change of samples HS and AS were attributed to the struc-
tural collapse of zeolite framework which could indicate the ther-
mal stability of zeolite ZSM-2. The second exothermic peaks of
samples HS and AS appeared in the different temperature range,
such as 650–750 �C for the sample HS, while narrower temperature
range of about 720–770 �C for sample AS. Detailed weight losses of
each stage are listed in Table 2. In general, nanosized ZSM-2 ob-
tained at ambient temperature contained more template agent
than micrometer-sized ZSM-2 crystals obtained at high crystalliza-
tion temperature (100 �C).
esized sample HS and sample AS.



Fig. 7. 27Al NMR spectra for the samples crystallized at ambient temperature for 0, 3, 6, and 15 days.
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3.3. NMR study

3.3.1. Investigation of crystallization process
The slow crystallization of ambient synthesis made it possible

to study the crystallization process of ZSM-2. In this section, we
investigated the transformation of the Al and Si coordination states
and textural properties during the ambient crystallization process
by means of MAS-NMR and low-temperature N2 adsorption/
desorption analysis.

The 27Al MAS-NMR spectra of the samples obtained after
crystallization at ambient temperature for 0, 3, 6, and 15 days are
presented in Fig. 7. All of the 27Al MAS-NMR spectra exhibited only
a peak centered at about 60 ppm, representative of tetrahedral alu-
minum species. Furthermore, with prolonging the crystallization
time from 0 day to 15 days, the peaks position and peaks width
of the 27Al MAS-NMR spectra slightly changed, which was probably
due to the aluminum coordination environment becoming uniform
and perfect during the crystallization [22].

Fig. 8 demonstrates the 29Si MAS-NMR spectra of the products
crystallized at ambient temperature for 0, 3, 6, and 15 days. The
sample of 15 d was well crystallized ZSM-2 zeolite as shown in
the XRD patterns of Fig. 1. 29Si MAS-NMR spectrum of the sample
of 15 d showed a set of split peaks with the chemical shift values
range from �110 to �80 ppm, which were assigned to complicated
silicon coordination environment in the ZSM-2 zeolite framework
[1]. The high resolution of 29Si MAS-NMR spectra had been corre-
lated to the absence of defects in the framework of ZSM-2 sample
of 15 d [23]. Other 29Si MAS-NMR spectra of the samples crystal-
lized from 0 day to 6 days also displayed a broad peak with the
same chemical shift as the sample after being crystallized for
15 days. Those spectra exhibited slight differences, the spectrum
of synthesis gel (0 d) had a small peak at around �112 ppm which
was supposed to be amorphous silica in the gel phase and the spec-
trum of sample 6 d showed split peaks. The 27Al and 29Si MAS-NMR
results indicated that the local environment of Al did not change
much while that of Si did change a lot during the ambient crystal-
lization process.

The low-temperature N2 adsorption/desorption analysis of the
ZSM-2 samples were performed to investigate the transformation
of the micropore area and micropore size distribution during the
ambient crystallization process. The N2 adsorption–desorption iso-
therms and HK pore size distributions of the samples obtained
after 0, 3, 6, and 15 days crystallization are shown in Fig. 9 and
the corresponding textual properties are presented in Table 3. As
shown in Fig. 9 and Table 3, the samples of 0 d and 3 d displayed
small amount of micropore, and the micropore area slightly in-
creased with crystallization time from 0 day to 3 days. The BET
specific surface area and t-plot micropore area of the sample ob-
tained after 3 days were 157 and 11 m2/g, respectively. With the
increase of crystallization time to 6 days, the BET specific surface
area and t-plot micropore area rapidly increased to 302 and
135 m2/g, respectively. Though the micropores of ZSM-2 after crys-
tallization for 0 day and 3 days were not largely formed, the sam-
ples of 0 d and 3 d exhibited obvious micropore size distributions
calculated with HK method. The HK pore size distributions of the
samples crystallized for 0 day and 3 days displayed a peak at about
0.73 nm, which were similar to that of the ZSM-2 sample crystal-
lized for 15 days with a spike of 0.74 nm. Though the micropore



Fig. 8. 29Si NMR spectra for the samples crystallized at ambient temperature for 0, 3, 6, and 15 days.
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size distributions of the samples of 0–15 d were similar, the
micropores in the samples of 0 d and 3 d might be mainly attrib-
uted to aggregation of the particles in the uncrystallized gel mix-
tures and the micropores in the samples of 6 d and 15 d were
mainly ascribed to the FAU and EMT supercage with 12 ring pore
opening of around 0.74 nm in diameter.
3.3.2. NMR study for the composition and properties of ZSM-2
29Si MAS-NMR was used to quantify the amount of FAU and

EMT phases in ZSM-2 and determine the Si/Al ratio in the two
phases individually according to the literature [1]. The 29Si signals
of the Na form FAU phase at �102 ppm, �98 ppm, �93 ppm,
�88 ppm, and �84 ppm were assigned to Si(0Al), Si(1Al), Si(2Al),
Si(3Al) and Si(4Al) species, respectively [24]. The 29Si signals of Li
form FAU in the ZSM-2 zeolite systematically upfield shifted by 1
to 2 ppm as compared with the Na form FAU phase [1], and the
FAU signals at �101 ppm, �96 ppm, �92 ppm, �87 ppm, and
�82 ppm were assigned to Si(0Al)F, Si(1Al)F, Si(2Al)F, Si(3Al)F and
Si(4Al)F environments in ZSM-2, respectively. However, The signals
of the EMT phase in the ZSM-2 zeolite seemed insensitive to the
nature of the exchangeable cations [1], which makes the assign-
ment of all Si resonance peaks in Li-ZSM-2 possible. As shown in
Fig. 10 and Fig. 11, the signals with no apparent overlapping be-
tween FAU and EMT phase at �82 ppm, �99 ppm, �101 ppm,
and �105 ppm were assigned to Si(4Al)F, Si(1Al)E, Si(0Al)F and
Si(0Al)E species, respectively. The resonance peak at �86 ppm rep-
resented the signal of Si(3Al)F overlapped by the peak of Si(4Al)E.
The peak centered at �91 ppm was attributed to Si atoms from
Si(3Al)E and Si(2Al)F chemical environments, and the peak at
�96 ppm was assigned to Si atoms from Si(2Al)E and Si(1Al)F envi-
ronments. Using this assignment, the 29Si NMR signals of ZSM-2
were separated into ten individual peaks by Gaussian fitting meth-
od, and then the FAU and EMT phases could be discriminated,
respectively. As shown in Table 4, sample HS crystallized at
100 �C contained 59% FAU and 41% EMT phase, with a Si/Al ratio
of 1.86 and 1.95, respectively. However, Sample AS, crystallized
at ambient temperature, contained 53% FAU phase with a Si/Al ra-
tio of 1.42 and 47% EMT phase with a Si/A1 ratio of 1.48. These re-
sults suggested that sample AS obtained by ambient synthesis
contained 6% more EMT phase as compared with sample HS per-
formed at 100 �C. The result was similar to the literature [17],
Eng-Poh Ng et al. found the EMT was the first kinetic, metastable
product under ambient temperature, followed by its conversion
to the more stable cubic FAU and more dense SOD structures. In
addition, the Si/Al ratio of sample AS obtained by ambient synthe-
sis was more lower than the Si/Al ratio of sample HS performed at
100 �C, which was consistent with lattice energy minimization cal-
culations [25]. The lattice energy was enhanced with the increase
the Si/Al ratio of FAU, so it required higher temperature to crystal-
lize. Furthermore, the FAU phase and EMT phase in the same sam-
ple exhibited different Si/Al ratio, the EMT phase possessed higher
Si/Al ratio than the FAU phase. In conclusion, the nanoscale ZSM-2
obtained by ambient synthesis contained more EMT phase and
lower Si/Al ratio than micrometer-sized ZSM-2 crystals obtained
at 100 �C.



Fig. 9. N2 adsorption–desorption isotherms and HK porosity distribution of samples crystallized at ambient temperature for 0, 3, 6, and 15 days.

Table 3
Textual properties of the samples crystallized at ambient temperature for 0, 3, 6, and
15 days.

Sample Surface area (m2/g) Pore volume (cm3/g)

Stotal
a Smicro

b Sext
c Vtotal Vmicro

d

0 d 143 7.66 136 0.252 0.00189
3 d 157 11.6 146 0.459 0.00367
6 d 302 135 166 0.838 0.0621

15 d 550 359 190 1.007 0.166

a BET surface area.
b t-plot micropore surface area.
c t-plot external surface area.
d t-plot micropore volume.

ppm

-120-110-100-90-80-70

Fig. 10. 29Si MAS-NMR spectra of as-synthesized sample HS.
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4. Conclusions

In this work, ZSM-2 nanorods with crystal size about 50 nm
have been successfully synthesized at ambient temperature.
According to ambient crystallization kinetic curve and XRD charac-
terizations, the crystallization process of ZSM-2 zeolite under
ambient temperature included the inducing period, rapid growth
period and stable crystallinity period. Furthermore, the samples
performed at ambient temperature (30 �C) and high temperature
(100 �C) showed different characteristics. The sample obtained at



Table 4
Phase composition and Si/Al ratio in the FAU and EMT domains of sample HS and
sample AS determined by 29Si MAS-NMR.

Sample Si/Al atomic ratio

FAU phase EMT phase Overall

HS 1.86 1.95 1.90
AS 1.42 1.48 1.45

(Si + Al)F/(Si + Al)E+F (%) (Si + Al)E/(Si + Al)E+F (%)
HS 59 41
AS 53 47

ppm
-120-110-100-90-80-70

Fig. 11. 29Si MAS-NMR spectra of as-synthesized sample AS.
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100 �C displayed two different morphologies of micron-sized ZSM-
2, while the sample obtained by ambient synthesis exhibited rod-
like crystals of ZSM-2 with the crystal size of 50 nm around. The
XRD peaks of ZSM-2 synthesized at ambient temperature signifi-
cantly broaden due to their nanosize of the crystals. Physical
adsorption and thermal analysis proved that ZSM-2 zeolite synthe-
sized at ambient temperature possessed large external surface area
and total pore volume and contained relatively large amount of
organic template as compared with the sample synthesized at
100 �C. More EMT phase and lower Si/Al ratio presented in
nanoscale ZSM-2 obtained by ambient synthesis. Further investiga-
tion into the crystallization process of ambient synthesis by means
of NMR and low-temperature N2 adsorption/desorption character-
izations indicated that the local environment of Al did not change
much while that of Si did change a lot during the ambient crystal-
lization process, and the micropore area increased rapidly with
increasing crystallization time while the micropore size distribu-
tions of the samples of 0–15 d were similar.

Since the ZSM-2 nanocrystals synthesized under ambient tem-
perature possess small zeolite crystals and large external surface
areas, the samples will expose more active centers and lower mass
and heat transfer resistance than micron-sized ZSM-2 zeolite in
catalytic reactions, so they are expected to exhibit good catalytic
activity in many reactions catalyzed by EMT/FAU type zeolite, such
as FCC process.
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