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ABSTRACT
In this study, a novel magnetic nanomaterial was synthesized based on Schiff base condensation of low-cost materials under special
conditions. A novel Fe3O4@SiO2 @PMF polymeric nanocomposites were prepared from a mixture containing poly-melamineparaformaldehyde and silicon dioxide loaded Iron (III) oxide core-shell composite magnetic nanoparticles. The silicon dioxide (SiO2)
was coated on iron (III) oxide )Fe3O4( magnetic nanoparticles (MNPs) by tetraethyl orthosilicate (TEOS) added via Stӧber method to
prevent the core from oxidation or dissolving by acid solution and poly-melamine-paraformaldehyde (PMF) nanoparticles were modified
the SiO2 loaded Fe3O4 in biocompatible solvents. Evaluation and characterization of synthesized product using Fourier-transform infrared
spectroscopy (FTIR) analysis, X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), vibrating sample
magnetometry (VSM) and thermogravimetry analysis (TGA). According to the results, Fe3O4@SiO2@PMF MNPs have high thermal
stability up to 450 oC with a %8 weight loss and furthermore VSM measurements indicated that the Fe3O4 and Fe3O4@SiO2 @PMF
nanoparticles were superparamagnetic and the magnetization were 55.05emug-1 and 20.1emug-1 at room temparature, respectively.
Keywords: Magnetic nanoparticles; Superparamagnetic; Magnetic catalyst; Poly-melamin-paraformaldehyde; Stӧber method.

1. INTRODUCTION
As known at all, the melamine (1,3,5-triamino-2,4,6triazine) foam has a three-dimensionally network structure is
widely utilized in scrub surface, absorbing sound and CO2 and etc.
Because melamine has nitrogen and contains a stable triazine ring
structure. From last years, many kinds of porous polymers,
inclusive poly (melamine-paraformaldehyde) PMF NPs are one of
the thickness and hardest thermosetting polymers and they with
good micro and meso porosity, high percentage of amin (-NH2CH2-NH2-) which provides excellent properties and applications
as low cost with high amount of nitrogen functionality, high
mechanical and chemical resistance, boil resistance, scratch and
abrasion resistance, transparence, high activities in catalysis and
adsorption heavy metal and CO2 [1-7] and these polymers were
used wood agglutinate, coating in flooring [2]. Any way PMF NPs
have many preferences but is no problem to spine PMF NPs and
the crosslinked structure of PMF NPs lead to the fiber fragile [8].
Therefore, the improvement of spinnability and hardness of PMF
NPs are the important increment for PMF NPs [9-10]. If the PMF
NPs are not cured properly, they will lack mechanical strength and
surface. Several researchers have studied the reaction of melamine
with paraformaldehyde [11].
Moreover, the added nanoparticles can play an important
role to improve the toughness of the PMF NPs. At this work, the
PMF NPs have been used to improvement Fe3O4@SiO2 core-shell
magnetic nanoparticles surface and performance. Nanostructured
compounds are of vital importance not only in industerial catalyst
but also in medical applications, green chemistry, biology [12].
Among all the prevalently studied nanoparticles, Fe3O4 MNPs and

their mixtures have been extensively studied in several areas such
as physics, chemistry, material science, medicine due to their
unusual properties. Fe3O4 MNPs are one of the most popular [13
,14] and have attracted attention from the researchers because of
their unique properties use in magnetic resonance imaging (MRI),
drug delivery, therapeutic agents, biosorption [15-20]. Fe3O4
MNPs adsorb heavy metals and CO2 due to their large surface area
and superparamagnetic characteristics. Fe3O4 MNPs not only have
high adsorption capacity but the main advantages of them are that
they also could easily be separated from the treated solution after
reaction completion using an external magnet making separation
process much easier [21, 22]. In spite of named benefits, there are
some problems in order to make Fe3O4 MNPs suitable for diverse
potential applications. One great problem of Fe3O4 MNPs is that
they are tendency to aggregation due to their large specific surface
area, high surface energy and high magnetization value. Thus,
they show poor dispersion in water and in organic solvents [23]
and the other challenges are that Fe3O4 MNPs are unstable in air
oxidated and eroded by acids, resulting in the loss of magnetism
[24]. To solve these problems, Fe3O4 MNPs are required by
surface modification by silica has been introduced as modifier for
coating Fe3O4 MNPs which it has been selected due to its
nontoxicity, stability, chemical activity, biocompability and
versatility in surface modification and furthered conjugation with
various functional groups [1,2, 25,26] that effectively improve the
wrapping the surface Fe3O4 MNPs with SiO2 to form
agglomeration [27]. The existence of hydroxyl groups on the
Fe3O4 MNPs surface leads to a reaction with alkoxysilane
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reagents such as tetraethyl orthosilicate (TEOS) to form Si–O condensation of low-cost materials under special condition as well
bonds and to provide reaction sites for further functionalization of as the Fe3O4@SiO2 MNPs have been prepared using modified
Fe3O4@SiO2 MNPs [28 ]. Fe3O4@SiO2 MNPs have unique Stӧber method [31]. In the end, Fe3O4@SiO2@PMF MNPs have
properties such as excellent magnetism, stability, biocompability, been synthesized by using one step route. The surface morphology
magnetic resonance image [29], fields as catalysis, controlled drug of the PMF NPs were captured to confirm the formation of
release [30].
uniform Fe3O4@SiO2@PMF MNPs with core-shell structure. The
Therefore, in this research, initially, the PMF NPs structural properties were studied to extract more detail
separately have been synthesized based on Schiff base information about nanocomposite.

2. MATERIALS AND METHODS
2.1. Material and methods.
All chemical reagents as well as solvents were purchased
from Merck used without any further purification. FTIR spectra of
samples were recorded by using Shimadzu 8400s spectrometer in
the frequency range of 4000-400 cm-1 in KBr. TGA analysis of the
samples carried out using a PerkinElmer Tyrif diamond under N2
atmosphere in heating rate of 10 oC/min in range of 30-700 oC.
The morphology of nanocomposite was studied using FESEM by
TeScan-Mira III. XRD pattern of nanocomposite was obtained
using an X-Pert PRO in the 2θ range of 20-80o. The magnetic
properties of the magnetic nanoparticles were recognized by VSM
in magnetic fields from -10,000 to 10,000 Oe.
2.2. Synthesis of porous poly-melamine-paraformaldehyde
nanoparticle (PMF NPs).
The PMF NPs were constructed via one-pot catalyst-free
method [1]. According to the scheme 1, melamine (0.57 g, 5.9
mmol) and paraformaldehyde (0.44 g, 14.6 mmol) were dissolved
in 15 ml of DMSO under magnetic stirring. Then The mixture was
stirred until it became transparent, and was carefully transferred
into 50 ml Teflon-lined autoclave for solvothermal reaction at 170
o
C for 24 hr to complete the polycondensation reaction of
melamine and paraformaldehyde. After dropped to ambient
temperature, the polycondensation product, the white PMF NPs
were ground and then filtered and washed with EtOH and acetone.
The obtained product was dried under vacuum at 80 oC for 24 hr.
2.3. Synthesis of SiO2-loaded Fe3O4 MNPs.
Fe3O4@SiO2 MNPs were synthesized by the previously
reported Stӧber method. The Fe3O4 MNPs (0.25 g) were
ultrasonicated (60 w, 30 min) to disperse completely in anhydrous
EtOH (35 mL). Concentrated ammonium hydroxide (4.5 mL) and
then TEOS (1 mL) were added to the above solution under
intensive stirring. The mixture was left to stir at room temperature
for 24 hr. The dark brown product was collected by centrifugation
and then washed three times with EtOH. The synthesized black
product was dried under vacuum at 80 oC for 24 hr for next step.

2.4. Synthesis of PMF-loaded SiO2 functionalized Fe3O4
MNPs.
Firstly PMF NPs (0.05 g) were added to deionized water or
anhydrous EtOH (10 mL) until they disperse as well to obtain
homogenous solution. On the other hand, Fe3O4@SiO2 MNPs (0.1
g) and deionized water (15 mL) were ultrasonicated (60 w, 1 hr).
Then, Fe3O4@SiO2 MNPs were added slowly to the above
polymeric solution and stirring continued at room temperature for
24 hr until Fe3O4@SiO2@PMF MNPs were formed. The ultimate
product was centrifuged then washed three times with EtOH.
Finally it was dried under vacuum at 80 oC for 24 hr.

Scheme 1. The route of preparation of Fe3O4@SiO2 @PMF MNPs.

3. RESULTS
Synthesis of PMF loaded Fe3O4@SiO2 MNPs were
achieved in three steps. Firstly, PMF NPs were synthesized using
melamine and paraformaldehyde by solvothermal reaction. In a
second step, SiO2-loaded Fe3O4 was synthesized using by Stӧber
method. Finally, the surface of Fe3O4@SiO2 MNPs were
functionalized with PMF NPs. To characterize the structure of the
products, different techniques such as FTIR spectroscopy, TGA,
FESEM, XRD analysis and VSM were applied. FTIR analysis was
carried out to show all bands.

Figure 1 shows the FTIR spectra of Fe3O4, PMF and
Fe3O4@ SiO2 @PMF. The curve (a) show absorbance at 563 cm-1
that corresponds to stretching vibrations of Fe-O and the
wavenumber of 1651-3415 cm-1 was stretching vibration and
bending of H-O-H band. At the curve (b), the peak at 3416 cm-1 is
due the N-H stretching vibration. The peaks at regions 1552 and
1483 cm-1 related to units of melanin’s triazine and a peak at 1195
cm-1 is representative presence of secondary amine (-NH-). The
peaks at 1095 cm-1 at curve (c) related to Si-O-Si [24, 31-35] The
peaks at 950 and 813 cm-1 demonstrated Si-O stretching vibration.
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Thermogravimetric (TG) curves of all the samples show
mainly two step decomposition in the temperature range from 150
o
C to 600 oC. The initial step at temperature less than 200 oC can
be attributed to a loss of solvents and humidity. As shown in curve
(a), the onset thermally degraded is 200 oC and when the
temperature reaches 350 oC, the total amount of Fe3O4 has been
decomposed completely with weight loss about %10.

Figure 1. FTIR spectra of (a) Fe3O4, (b) PMF (c) and
Fe3O4@SiO2@PMF.

The curve (b), explanatory weight loosed approximately
%15 between 200 oC to 420 oC that related to PMF. On the other
hand, for curve (c) due to the principle chains of polymer loaded
on the surface of Fe3O4 begin to degrade at about 220 oC and to
temperature of decomposition is around 450 oC that the weight
loss is %8.
Figure 3 shows the XRD Diffractogram pattern of the
Fe3O4@SiO2@PMF MNPs. As shown in Figure 3, the location
and intensity of the Fe3O4@SiO2@PMF diffraction peak were firm
with powder didraction file standard card. The curve indicates the
peaks in sample. In this sample, the wide peak on 2θ=10.03o
showed the presence of amorphous peak silica form, where the
location of polymer form is very effective in nanocomposite.
Diffraction peaks were obvious at 2θ= 30.1o, 35.6o, 43.3o, 53.2o,
57.2o corresponding to the (220), (311), (400), (422), (511),
respectively [36-38].

As shown in figure 4, vibrating-sample magnetometry
(VSM) was used to investigate the magnetic properties of Fe3O4
and Fe3O4@SiO2@PMF. According to the curves in figure 4, the
magnetization of Fe3O4 and Fe3O4@SiO2@PMF were about 55.05
and 20.01 emu g-1, respectively. Due to the curves, compared with
Fe3O4, the decrease of saturation magnetizations of modified Fe3O4
is dependent to the coating with organic compound on the surface
of Fe3O4.

Figure 3. XRD pattern of Fe3O4@SiO2@PMF.

Figure 4. VSM curves of (a) Fe3O4 and (b) Fe3O4@SiO2@PMF.

Figure 5. FESEM images of Fe3O4@SiO2@PMF.

As the VSM results show that Fe3O4 and modified Fe3O4 were
superparamagnetic property because the absorbent could be
separated from solution with magnet and redispersed as soon as
the magnet was got away.
FE-SEM images were used to observed the particle size
distribution, spherical morphology, tendency to form clusters and
agglomeration state of the particles. Figure 5 shows FESEM
images of Fe3O4@SiO2@PMF.
Figure 2. TGA curves of (a) Fe3O4, (b) PMF and (c) Fe3O4@SiO2@PMF.

4. CONCLUSIONS
In summary, we were able to synthesize the PMF-loaded
SiO2 functionalized Fe3O4 MNPs (Fe3O4@SiO2@PMF) as a
unique and recoverable nanomagnetic with high thermal and
chemical stability and stable under harsh conditions in a
biocompatible solvent. The PMF NPs have modified the surface of
the Fe3O4@SiO2 and superparamagnetic Fe3O4 was protected from
oxidation and dissolving in acid solution by SiO2 shell. The low-

cost synthesis of the monodisperse silica-coated magnetite
(Fe3O4@SiO2) with core-shell structure via TEOS added in
solution by a modified Stӧber method. The Fe3O4@SiO2@PMF
MNPs are suitable because of their low cost, easy synthesis and
recoverable. This novel catalyst was analyzed and recognized by
using different techniques such as TGA, XRD, FESEM analysis,
FTIR spectroscopy and VSM. The results of techniques showed
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that Fe3O4@SiO2@PMF MNPs have high thermal stability up to superparamagnetic and the magnetization of Fe3O4 and
450 oC with a %8 weight loss. VSM measurements indicated that Fe3O4@SiO2@PMF were about 55.05 and 20.01 emu g-1 at room
the Fe3O4 and Fe3O4@SiO2@PMF nanoparticles were temperature, respectively.
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