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Synthesis and characterization of NaP zeolite@Fe;04 nanocomposite
functionalized with 2-aminopyridine as a micro-meso structure
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Abstract
Nowadays, overcome to agglomeration of nanoparticles is one of the most
important problems in catalytic reaction. In this way, Fe;O, nanoparticles
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aminopyridine as a basic group. Several techniques were used to evaluate the
physical and chemical characterizations magnetic acid and base nanocomposites.
The X-ray diffraction (XRD) confirm the presence of NaP zeolite and Fe3O, in
the composite. The Scanning electron microscope (SEM) graphs showed that
much of Fe;0, was successfully coated by the NaP zeolite layer. Also, the
Vibrating sample magnetometer (VSM) results show that the magnetism of the
products is stable even with introducing FezO4 to zeolite. The Transmission
1 . electron microscopy (TEM) and Burner Emmet Taller (BET) confirmed the
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of Science, Arak University, Arak presence of mesoporous phase in the surface of NaP zeolite@Fe;O, and
38456-8-8349, Iran preparation a micro-meso structure.
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1. Introduction

In the industry sector, it is important to design new and highly efficient catalysts for the synthesis of organic
compounds based on the principles of green chemistry. Also, the preparation of heterogeneous catalyst which
recover and reuse has been a long goal in catalyst research. Recent studies have shown that hybrid materials such as
Inorganic—Inorganic or Inorganic-organic material widely used as a heterogeneous catalyst for organic reactions and
antimicrobial agent [1-10].

During the recent years, increasing attention has been paid to the use of magnetic nanoparticles (MNPs) as
support. One of the important magnetic materials is magnetite (Fes04) which has a spinel structure. This magnetic
nanoparticle is usually promising as a catalyst for organic synthesis due to its high efficiency and easy separation
from aqueous solution [7,8]. It is well known that magnetic particles which synthesized by different methods are
usually agglomerated and their specific area and catalytic efficiency decreased [9,10]. An effective method to
prevent the agglomeration is dispersing of particles on a stable support. The porous materials, such as zeolites can be
used as a support for different materials. The zeolites are a crystalline aluminosilicate with well-defined channel and
cavity, good acidity, high surface areas [11]. However, introducing of Fe;O, to zeolite may be decreased the
catalytic activity due to diffusion limitation of microporous, but increasing of acidity and preparation of a
recoverable catalysts are more important for many organic reactions. There are many reports which shows the
surface of MNPs functionalized by different materials such as organic, organometallic and acidic groups which
useful for many organic reactions [12]. Although the surface of the MNPs and zeolite with free silanol groups (Si-
OH) are suitable agents for functionalization [13,14] but immobilizing of amine groups to zeolite/Fe;O, has not yet
been reported. The goal of the present study is design and develop a new hybrid from zeolite@Fe;O, that
functionalize by 2-aminopyridine (NaP zeolite@Fe;0,/Am-Py) which can be used as a bifunction acid and base
catalyst. All of samples and also the prepared nanocomposite were characterized with several analysis such as XRD,
FT-IR, EDAX, SEM, TG/DT, TEM, BET and VSM.
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2. Experimental

2.1. Materials

The materials such as FeClz.6H,0, FeCl,.4H,0, NH; (25%), toluene, chloroform and ethanol were purchased from
Merck. Also, organic compounds included 3-chloropropyltrimethoxysilane and 2-aminopyridine purchased from
Aldrich.

2.2. Synthesis of FesO,4 nanoparticles

Fe3O, nanoparticles were synthesized by coprecipitation of FeCl;.6H,0 (4.7 g) and FeCl,.4H,0 (1.7 g) at the
molar ratio of following condition (Fe** : Fe?* = 2:1), and they were dissolved in deionized water. After stirring for
30 min (80 °C), NH; (25%) was added to the solution under N, atmosphere. The Fe;O,4 nanoparticle filtered and
washed five times with deionized water and then dried under vacuum at 50 °C for 24 h [15].

2.3. Synthesis of NaP zeolite@FesO4nanocomposites

Different amount of FezO4 (0.125, 0.250, 0.375, 0.500 g) were added to a fresh gel of zeolite with the molar
composition of 320 H,O: 16 NaOH : 1 AlI(OH); : 15 SiO, which agitation for 5 days and stirred for 5 hours and
finally placed in an autoclave at 100 °C for 24 h. After cooling the reaction mixture to room temperature, the solid
product NaP zeolite@Fe3;04 composite filtered and washing with water until pH=9 and drying in air [15].

2.4. Synthesis of NaP zeolite@Fe;O,/Am-Py hanocomposites

In the first step, 1 mmol of 3-chloropropyltrimethoxysilane (3-CIPTMS) was reacted with 1.2 mmol 2-
aminopyridine in 5 mL dry toluene and refluxing at 90 "C under nitrogen atmosphere for 30 h. The resulting material
(PTMS-Py) was added to 0.5 g of NaP zeolite/FesO4 in 10 mL toluene (dry) and refluxing for 24 h under nitrogen
atmosphere. Finally, the solid product NaP zeolite @Fe;04/Am-Py was filtered, washed by chloroform, ethanol and
water, respectively and dried at 100 °C for 24 h [16].

2.5. Characterization

The patterns of X-ray diffraction (XRD) were recorded by an X-Ray diffractometer (Philips 1840) with Cr-Ka.
radiation for analysis of pure Fe;O, nanoparticles, NaP zeolite@Fe;0,4 (1:2). NaP zeolite@Fe;O,/Am-Py. Fourier
Transfer Infrared (FT-IR) analysis were record by a Galaxy series FT-IR 5000 spectrometer. The chemical
compositions of the samples were determined by Energy-dispersive X-ray spectroscopy (EDAX) (Oxford X-max).
To study the morphological of the prepared samples, the Scanning Electron Microscope (SEM) images were
obtained using a Zeiss Sigma-VP FESEM instrument. The thermal analysis was performed using a Diamond Pyris
TM, TG/DT 6300 from 25 to 900 °C at a heating rate of 10 °C/min under Argon flow for investigation of the theram
stability ot the prepared nanocomposite. Burner Emmet Taller apparatus (SIBATA, App,1100-SA with adsorption of
nitrogen at 76.34° K) was used. The VSM analysis was carried out by AGFM operation and EM900/ZISS.

3. Results and discussion
3.1. FT-IR spectra

The FT-IR spectra for pure Fe;O, nanoparticles, NaP zeolite@Fe30, (1:2) NaP zeolite@Fe;0,/Am-Py (1:2) are
shown in Fig. 1. The result show that the Fe-O stretching vibrations about 388 and 580 cm ™' cans be observed for
Fe;0, nanoparticles which hidden with the broad band related to zeolite after creating zeolite@Fe3;0,4. As can be
seen from this Fig. 1, the significant change observed with introducing Fe;O4 nanoparticles to zeolite which the
appearance of the peaks about 1007 cm™ attributable to the asymmetric stretching of Al-O-Si chain and the
symmetric stretching and bending frequency bands of Al-O-Si framework of zeolite (743 and 436 cm™,
respectively) confirmed the present of zeolite in the NaP zeolite@Fe;O4/Am-Py nanocomposite [17]. Several bonds
about 1439, 2958 and 3450 cm ' related to C-N, C-H and N-H groups can be attributed the characteristic absorption
of alkylamino pyridine [18]. The peaks at 3300-3700 and 1625 cm™' related to O-H stretching and deformed
vibration were observed.
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Fig. 1. The FT-IR spectra for pure Fe30,,
zeolite@Fe304 (1:2) and
zeolite@Fe;0,/Am-Py (1:2).

3.2. XRD analysis

The XRD patterns of Fe;0,4, zeolite@Fe;O4 and zeolite@Fe;O4/Am-Py were investigated (Fig. 2). We can be
observed six characteristic peaks at the 20 values of 18.6°, 31.6°, 36.0°, 44.6°, 54.1°, 57.3°, which (11 1), (22 0), (3
11),(400),422),(511)and (4 4 0) reflections, respectively could be attributed to it and confirm presence of
cubic reverse spinel phase of Fe;0,4 (JCPDS 653107) [19].

Intensity (a.u.)

MJL

|
|
(.

L
kA e w‘v\-’\w%m M-J “'Mwmﬁw’l 1MJl~*%wm-.m

|,
" LWJ]L. WJ‘J MJUmehmmwwwm

|

.rJ WVJWMW S PUN

\['

r(l a

|

b

C

vl b

30

T
40 S0 60 70

20 (deg)

Fig. 2. The XRD patterns of
Fe;04 (a) zeolite@Fe30, (b)
zeolite@Fe;0,/Am-Py (c)
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After introducing different amounts of Fe;0, to zeolite, all the composites show similar characteristic peaks (20 =
12.48°, 17.92°, 21.79°, 28.1°and 33.4°) related to the presence of NaP zeolite beside the magnetic phase (JCPDS
710962) [20] and decreasing of intensity for it suggests that some of this MNPs incorporated to the zeolite which in
agreement to other reports [18,21,22].

Also, the result show that after functionalize NaP zeolite@Fe;O, nanocomposite by alkylamino pyridine due to
interaction of 3-CIPTMS with zeolite small amount of amorphous phase can be observed [9].

The crystallite size of these as-synthesized Fe;O, in the composite with different percent was estimated from the full
width at half maximum (FWHM) of strongest diffraction peak 26 = 31.6 using the Scherrer’s equation [23], D = 0.9
M(B Cos 20) where D is the crystallite size, 1 is the wavelength of Cr-Ka radiation, £ is FWHM, and 6 is the
diffraction angle of the strongest characteristic peak. The data show that the crystallite size of MNPs was increased
from 13 to 40 nm when introduced to composite which may be due to agglomeration.

3.3. SEM, EDX and TEM analysis

Fig.3 show that the SEM images of the Fe;O, nanoparticles and NaP zeolite@Fe;O, with 1:2 ratio and NaP
zeolite@Fes04/Am-Py (1:2). Therefore, in Fig. 3a the spherical structure was shown for Fe;O, nanoparticles that
exhibit a rough surface and average diameter of about 13 nm. After introducing magnetic nanoparticles of Fe;O4
into zeolite wool ball-like [24] morphology was observed for 1:2 (Fig. 3b) ratios and also spherical MNPs presence.
For NaP zeolite@Fe;0, (1:2) with higher percent of MNPs small agglomeration can be observed for it (Fig. 3c). The
image for NaP zeolite@Fe;O4/Am-Py with 1:2 ratio in Fig. 3d show the morphology of NaP zeolite doesn’t change
but the percent of amorphous phase increased.

The chemical composition of the related compounds was considered by EDAX and elemental analysis (Tab. 1). The
result for the C/N and Si/Al for all samples are very close to real ratios for materials which confirmed the present of
NaP zeolite, Fe;0, and alkylamino pyridine in the nanocomposite.

The size and shape of NaP zeolite@Fe;0,4 (1:2) and NaP zeolite@Fe;O,/Am-Py (1:2) were observed in Fig. 4
using high resolution TEM. The images show that the quasi-spherical FesO4 with average diameter about 33 nm
completely dispersed on zeolite in the 1:2 ratios without any agglomeration, but with increasing the percent of
FesO4 in some parts agglomeration can be seen. Also, after functionalization of NaP zeolite@FesO, with
aminopyridine moiety, mesoporous phase was decreased which confirm the small amounts of amorphous phase
which observed in XRD and decreasing of S5, in BET [18,25].

Table 1. The elemental analysis of compounds

Sample % C %N %O % Fe %Si %Al C/N Si/Al
Fe;0, - - 48.53 51.47 - - - -
NaP zeolite@Fe;04 (1:2) - - 45.89 1423 22.68 11.45 - 1.98

NaP zeolite@Fe;0,/Am-Py (1:2)  10.21 428 5542 6.39 17.02 6.68 2.38 2.55
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SEM HV: 15.0kV WD: 3.96 mm SEM HV: 5.0 kV WD: 6,01 mm

View field: 0.830 ym | Det: InBeam SE | 200 nm View field: 2.7 ym Det: SE 500 nm
SEM MAG: 250 kx  Date(m/dly): 01/22/15 SEM MAG: 75.0 kx  Date(midly): 12/27/14

SEM MAG: 25.0 kx Det: InBeam | MIRA3 TESCANJ  SEMHV: 50KV WD: 6.04 mm
WD: 5.41 mm BI: 7.00 View field: 10.4 ym Det: SE 2pm

View fleld: 8.30 um Date(midly): 10/28/17 SEM MAG: 20.0 kx  Date(m/dly): 12127/14

Fig. 3. The SEM images of the Fe;0, (a) nanoparticles and NaP zeolite@Fe;O, with 1:2 ratio before(b) and
after functionalize with amine (c,d)
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Fig. 4. The TEM images of the NaP zeolite@Fe;0, (1:2) before(a) and after functionalize with amine (b)

3.4. BET analysis

Fig. 5 shows the Nitrogen adsorption/desorption isotherm and the pore size distribution of NaP zeolite@Fe;0,4 with
1:2 percent before (a) and after functionalize with amine (b). A sudden increasing in the N, isotherm at the low-
pressure region about P/PO < 0.1 confirmed the existence of micropores phase [26]. Also, presence of hysteresis
loop at pressure P/PO of 0.5-1, that is the type-1V isotherm, indicate the mesoporous phase [27]. The result show that
after functionalize NaP zeolite@Fe;O4 with amine (Fig. 5b) the micro phase decreasing and also a rapid increasing
at high-pressure region about P/P0>0.9, suggested the existence of macropores phase [28]. The remarkable
decrease in the pore volume and pore area of NaP zeolite@Fe;0, after functionalize by alkylamino pyridine can be
attributed to the introducing of amine into the nanocomposite.
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Fig. 5. Nitrogen adsorption/desorption isotherms and BJH Plot of NaP zeolite@Fe;O, (1:2) (a) and NaP
zeolite@Fes0,/Am-py (1:2) (b)
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Also, the result in Tab. 2 were calculated using BET, BJH, and t-Plot methods show that the surface area for NaP
zeolite (45 m?/g) increased after introducing Fe;O, in the framework due to increasing mesophase which these
results may be confirmed the present of hierarchical structure for zeolite. The pore size distribution result in Fig. 5
(a, b) for all cases show two ranges of particle size 1-8 nm corresponding to mesoporous materials and greater than 8
nm related to microporous phase the confirmed this conclusion [9,29].

Table 2. The BET data of samples

Sample SBET Smicro Smeso Vt Vmicro Vmeso
(m*/g)  (m*/g) (m? /g) (cm®lg) (cm®lg) (cm®lg)

NaP zeolite@Fe3;04 (1:2) 129.15 60.31 68.84 0.28 0.09 0.14

NaP zeolite@Fe;04/Am-Py (1:2) 48.57 18.89 29.68 0.09 0.04 0.03

& Calculated by the BET method.

P Calculated by the t-plot method.

¢ Obtained at a relative pressure of 0.99.
¢ Calculated by the BJH method

3.5. Thermal Analysis

The TGA-DTG curves of the NaP zeolite@Fe;0, and NaP zeolite@Fe;0,/Am-Py (1:2) samples before and after
functionalize with amine were investigated. The TGA curves which can be divided into three steps. For NaP
zeolite@Fe;0,, the first weight loss (11.9%) in 25-200 °C is attributed to the removal of physiosorbed and
chemisorbed water. The second step, weight loss (4.7%) in 200-580 °C attributed to NaP zeolite phase transfer [30].
The third step, weight loss (1.4%) in 580-900 "C, accompanied with endothermic peaks in DTG can be corresponded
to the dehydration of the hydroxyl groups inside the micro and meso phases [31] and also changing in the structure
of FesO,4 present in this region [32]. In the case of NaP zeolite@Fe;O0,/Am-Py the percent of weight loss in the
second steps increased about 3.7% due to thermal decomposition of the organic agent and also in the DTA curves
two peaks endothermic can be seen which, the first peak about 200-300 °C confirmed the presence of alkylamino
pyridine in the structure [33]. The last steps might be related to some transformations of phase of Gismondine-like
structures and Fe;0,, respectively [18,34,35].

3.6. VSM analysis

The magnetic properties of FesO, nanoparticles, NaP zeolite@Fe;O,4, and NaP zeolite@Fe;0,/Am-Py
nanocomposites were investigated using a vibrating sample magnetometer (VSM) from -10000 to +10000 Oe (Fig.
6). The results show that the saturation magnetizations of the FesO, MNPs is about 13.06 % of the Fe;O,4 bulk
materials value (Tab. 3). When MNPs introduced to NaP zeolite with different ratio and also after functionalize
amine decreased. These results may be due to i) increasing size of MNps after introduce to zeolite ii) high
interaction between Fe;O, nanoparticles and zeolite iii) and covering of nanoparticles by zeolite and alkylamino
pyridine [36,37]. Also, the shape of slope the magnetic hysteresis loops confirmed that all materials exhibit very low
remanence (Mr) at ambient temperature and indicating superparamagnetic behavior for all samples [30].

Table 3. The magnetic properties of Fe;0,, NaP zeolite@Fe;0,4, and NaP zeolite@Fe;O4/Am-Py samples

Sample Ms (emu/g) Hc (Oe)
Fes04 60.00 0
NaP zeolite@Fe;04 (1:2) 7.84 0
NaP zeolite@Fe;04/Am-Py (1:2) 5.62 0
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Fig. 6. Magnetic hysteresis curves of Fe;0,4, NaP zeolite@Fe;04and NaP zeolite@Fe;04/Am-Py.

4. Conclusion

The Fe;O, magnetic nanoparticles, with uniformly distributed 13 nm size were synthesized. These nanoparticles
with different ratios introduced to gel of zeolite and under hydrothermal condition. Then a micro-meso structure of
zeolite was prepared and the NaP zeolite@Fe;O, nanostructure functionalized with 2-aminopyridine as a basic
organic moiety. The structure of hybrid nanostructure was confirmed by FT-IR, XRD, BET, VSM, TGA, SEM and
TEM techniques. The SEM graphs showed that much of Fe;O, was successfully coated by the NaP zeolite layer.
Also, the results show that the magnetism of the products is stable with added zeolite. These particles show perfectly
uniform sphere, and the aggregation of the nanoparticles can be discerned clearly.
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