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MCM-49 zeolites have been synthesized by dynamic hydrothermal method with piperazine (PIP) as low toxicity

template to replace traditional cancerogenic hexamethyleneimine (HMI). The structure and physical-chemical
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completely or partially replace HMI.
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properties of synthesized samples were studied by means of various characterization techniques, such as XRD, SEM,
Nz adsorption-desorption, and NHs3-TPD. The effects of PIP to HMI ratio in composite template were investigated.
Results show that high crystalline and high purified MCM-49 zeolites could be synthesized using PIP as template to

MCM-49 zeolite, template, piperazine, hexamethyleneimine.

1.INTRODUCTION

MCM-49 zeolite is a branch of MWW topological structure zeolites with a
layered morphology, Which has three kinds of complex pore systems:
(1)12 membered ring cups (0.71 nmx0.71 nmx0.91 nm) located on the
external surface of the lamellar zeolite; (2) Interlayer 12 MR supercages
(0.71nmx0.71nmx1.82nm) opening through 10MR windows; (3) and
interlayer two-dimensional sinusoidal 10 MR pores (0.41 nmx0.54 nm)
[1-7]. Especially, numerous 12MR cups on the external surface of layered
structure endow this materials with unique properties different from bulk
molecular sieves [8]. Owing to its unusual porous structure, high micro
porosity, high hydrothermal stability and mild acid property, MCM-49 has
demonstrated good catalytic performance on many reactions, such as
alkylation, aromatization, disproportionation of toluene, catalytic
cracking, etc [9-12].

MCM-49 was dynamically synthesized by the hydrothermal process. The
traditional organic template used in the synthesis of MCM-49 zeolite is
HMI, which is highly poisonous, cancerogenic and expensive [13].
Therefore, it is necessary to explore a kind of cheap and low toxicity
template to replace HMI completely or partially [14].

In this paper, piperazine (PIP) and PIP/HMI mixtures were used
respectively as single or mixed low toxicity template to prepare MCM-49.
All samples were characterized by means of XRD, SEM, BET, N;adsorption-
desorption, and NH3-TPD in order to clarify the effect of PIP to HMI ratio
on the structure, morphology and acid properties of MCM-49.

2. EXPERIMENTAL
2.1 Materials Preparation

MCM-49 zeolites was synthesized from a gel of the following composition:
Nsi02:NA1203: NNaoH: N(HMI+PIP):NH20 = 1:0.05:0.12:0.35:18.7. NaAlO: and silica
gel (25 wt%) were used as the source of SiO2 and Alz03, respectively. The
mixtures of HMI and PIP were used as the structure directing agent (SDA).

The typical synthesis procedure was as follows: 5.6667g of NaAlO: (45
wt% Al203) and 2.4g NaOH (96 wt%) were dissolved in 78ml deionized
water. 99.3ml silica gel (25 wt%) was then slowly added into the solution

under violent stirring. HMI and PIP composite template was added
dropwise to the gel. The synthesis gel was stirred with a magnetic stir bar
at room temperature for 2h. The product was loaded into teflon lined
150ml stainless-steel autoclave and placed in a convection oven at 448 K
for 72 h. Autoclaves were tumbled at 12r/min to improve the mixing of the
synthesis gel. After 72h, the autoclaves were cooled to room temperature
and the gel was filtered and washed with a large quantity of deionized
water. The as-made zeolite was dried at 373K overnight, and calcined at
813K for 6h.

2.2 Catalystic Characterization

Powder X-ray diffraction (XRD) patterns were collected to estimate the
structural phase and crystallinity of the synthesized materials on a Bruker
D/Max-2500 diffractometer using CuKa radiation, operating at 40 kV and
40 mA. Scanning electron microscopic (SEM) images were recorded on a
Hitachi X-650 microscope. Specific surface and pore size were recored on
3H-2000PM1 Specific surface & pore size analysis instrument.
Temperature-programmed desorption of ammonia (NHs-TPD) was
carried out on a Finesorb 3010D chemisorption apparatus.

3. RESULT AND DISCUSSION
3.1 XRD

Figure 1 shows the X-ray patterns of MCM-49 with different PIP content in
composite tempalte (0%, 40%, 70%, 100%). The XRD patterns of all
samples are in good agreement with those previously reported [15].
The peak widths between 7~10 and 20~30 degree indicate that MCM-49
is composed of thin layers extending in a and b direction [9]. XRD analysis
indicates that MCM-49 could be successfully obtained by completely or
partially replace of HMI with PIP as low toxicity template. The ratio of PIP
to HMI doesn’t affect the crystallinity of MCM-49 zeolite.
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Figure 1: XRD pattern of (a)MCM-49(0%PIP); (b)MCM-49(40%PIP);
(c)MCM-49(50%PIP); (d)MCM-49(70%PIP); (€)MCM-49(100%PIP).

3.2 SEM

The scanning electron micrographs of MCM-49 (0%PIP), MCM-49
(40%PIP), MCM-49 (70%PIP) and MCM-49 (100%PIP) are shown in
Figure 2. The particles of all samples look like aggregates of sheet-like
structures which do not have a well-defined morphology at the micron
scale. There is no obvious difference in the surface morphology between
MCM-49 (0%PIP) and MCM-49 (100%PIP) can be discerned according to
these images.
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Figure 2: Scanning electron micrographs of (a) MCM-49(0%PIP); (b)
MCM-49(40%PIP); (c) MCM-49(70%PIP); (d) MCM-49(100%PIP).

3.3 BET

The nitrogen adsorption-desorption isotherms of samples are presented
in Figure 3, which indicates that both MCM-49(0%PIP) and MCM-
49(40%PIP) are microporous materials. The inflection point appears at
0.1 relative pressure. The specific surface area and pore volume of zeolites
are shown in Table 1. The BET surface areas are quite different for MCM-
49 (0%PIP) and MCM-49 (40%PIP) at 439 and 424m?/g respectively.
Compared to MCM-49 (0%PIP), the external surface area of MCM-49
(40%PIP) is similar, which indicates that after applying PIP , there is no
obvious difference in the external surface area and the t-plot micropo
volume.
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Figure 3: Nitrogen adsorption-desorption isotherm of (a) MCM-49
(0%PIP) and (b) MCM-49(40%PIP).

Table 1: Structural parameter of of MCM-49 zeolites

Sample SBET St-plot external Votal Vi-plot micropo
[mZ g [mZ g [cm®. g [cm®. g
0%PIP 439 83 0.58 0.19
40%PIP 424 97 0.52 0.15

3.4 NHs-TPD

The acid properties of MCM-49 (0%PIP) and MCM-49 (40%PIP) were
characterized by temperature-programmed desorption (TPD) of ammonia
(Figure 4). Both NH3-TPD profiles show two peaks at around 220~250°C
and 350~390 9C, which can be attributed to the presence of weak acidic
sites and relatively strong acid sites (mainly Brgnsted acidity),
respectively. It can be seen from Figure 4 that the acid strength
distribution of these two samples is similar. However, MCM-49(40%, PIP)
shows a slightly less total acid amounts than MCM-49(0%, PIP).
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Figure 4: Temperature-programmed desorption of NH3 for MCM-49
(0%PIP) and HMCM-49 (40%PIP)
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4. CONCLUSIONS

MCM-49 molecular sieves with high crystallinity and high purity could be
synthesized by dynamic hydrothermal method using PIP as low toxicity
template to completely or partially replace traditional cancerogenic HML
There is no obvious difference in the external surface areas and micropo
volume by introduce PIP. MCM-49 prepared with PIP as template shows a
similar acid strength distribution and a slightly less total acid amounts.
This indicates that PIP is a potential environment-friendly template, which
could be applied in the industrial production of MCM-49.
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