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Abstract— Fe/SO, nanoparticles composite via sol-gel
and chemical reduction method was studied in this work.
We found that the Fe/SO, nanocomposite is studied with
various ratios between Fe and SO,. We found that the Fe
nanoparticles are distributed uniformly on the SO,
support, leading to enhance the surface area of Fe on the
S0, as well as improve the stability of Fe on SO,
compared to pure Fe. The results shows the surface area
of Fe/SO, is about of 50.108 /g, is much larger than the
pure Fe (26 nt/g). The results of this work suggests that
the way to synthesis Fe/SO, nanocomposite with highly
uniform distribution and surface area via sol-gel and
chemical reduction method

Keywords— Fe/Si@ sol-gel, Stober method, composite,
nanoparticle.

l. INTRODUCTION
Fe NPs have shown a high chemical reduction rate on
several kinds of contaminants, including toxic rheta
ions.[1-2] The properties of nanometer-sized magrietn
particles have been investigated extensively byh bot
experimental and theoretical analysis. On the oaedh
these particles show promise for practical appticat
such as catalysis, magnetic recording, magnetidsiand
biomedical applications; on the other hand, thélityihas
been limited due to easy aggregation and uncoettoll
oxidation. [3] The synthesis of Fe NPs with a uniform
particle size distribution has been demonstratethgus
high-temperature thermolysis in oil-based reactigstems
[4-5]. However, these reactions were considerednhar
because of the involvement of toxic reagents ardhigh
energy consumption. From the viewpoint of practical
applications, any method to fabricate Fe NPs malke t
into account the susceptibility of Fe NPs to oxiglatand
aggregation owing to the magnetic interaction betwihe
particles. Controlling the oxidation of Fe NPs
particularly important, as oxidation leads to deigt#on in
their magnetic properties [6].
Since Fe NPs are oxidized rapidly in water and thigy
exhibit a loss or decrease in magnetism and didlss
in a biological environment. Therefore, preservitig
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stability of Fe NPs is considered another challefaye
biomedical applications. To prevent the oxidatidhFe
NPs, the coreshell structures that are stable, biocompatible
and hydrophilic were demonstrated using surface
modifications with organic polymers of poly(acrybecid)
[7] poly(ethylene glycol) [8], dendrimers [9], cb#tan [10-
11] and silica (Si@ layers. The Si@shells provide an
electricallyinsulting layer that decreases energy loss and
additionally prevents the possibility of a decreadse
permeability due to Fe oxidation. Li et al. premhteFe
nanoparticle/ordered mesoporous silica with the afic
triblock copolymer using oxidation and reductioactons
[12]. Yang et al. formed Feore/SiO2 shell nanoparticles
using oleic acid and citric acid as the surfacepoap
agents in an aqueous environment at room temperatur
However, in this case, a 400°C reduction treatnves
needed to obtain pure Fe/Si@anoparticles without FgQ
increasing the energy uptake.
The aim of this study was to prepare metallic Fes [dR
SiO, spheres like a nanoparticles composite to pravent
oxidation and enhance the distribution of Fe on,%i€ing
a solgel process at low heat treatment conditions aed th
chemical reduction method. The Fe/gi@anoparticles
composite are prepared with various compositions of
Fe:SiQ to find out the good properties for the magnetic
nanoparticles composite. The XRD, TEM, BET ad wasl
the magnetic properties of the Fe/gSi@anoparticles
composite are characterized in detail in this work.

. EXPERIMENT
1. Materials
Tetraethylorthosilicate (TEOS), potassium borohyeri
(KBH4, 98%), anhydrous ferric chloride (Fefl
potassium dichromate ¢Kr,O;), nitrogen (99,9%) and
ethanol (99,5%) were all of analyric grade withéurther
purifying. Deionized water was used throughoutdtuly.
2. Preparation of iron nanoparticles coated with silica
(Fe/SIOy)
Fe/SiQ nanoparticles composites were prepared by th sol-
gel method combining with chemical reduction method
without using any surfactant together with stabilizThe
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process includes two steps: th&step is the synthesis of  performed with a transmission electron microscopEeM,
SiO2 nano size by the sol-gel method and tHestp is JEE 420-JEOL). The magnetic properties at room

the preparation of Fe/SiO2 by chemical reductionthoe temperature were investigated using a vibrating pdam
using the KBH4 as reductant agent at room temperatu  magnetometer (MicroSense Easy VSM Sofware 9.13L). |
The detail process is described ashig 1 and Fig. 2. addition, specific surface area of Fe/gi@anoparticles

were measured by the Brumauer — Emmett — TelleT{BE
method using Quantochrome NOVA 11.0.

H,0 (6.5 ml)
TEOS (10ml)/C,H;OH 2
(10.5 ml) HNO;, (0.037 ml)

T II. RESULT AND DISCUSSION
Stirring, 500 The Fe/SiQ nanocomposite is studied with various ratios
rpm between Fe and Si@see the table 1)
v Tablel: The samples of Fe/SO, with variousratio
Incubate, at fFeSO
RT 24 hrs ofreats _
No. Sample Fe:SiO2
Drying, 80°C 1 F1S1 1:1
J 2 F2s1 2:1
Centrifuge 3 F3S1 31
and wash i
The color of Fe/SiQ nanocomposite could be observed
Heating clearly from the Figure 3. It can be seen that Hi&1
500°C, 3hrs sample for the black color compared to other rataosl

the brown color of Fe/SiO2 sample could be observed
clearly for the sample with the Fe:S#3:1 This result
Fig.1:The 1st step to synthesisthe SO, may be understood due to the high amount of Féén t
Fe/SiQ nanocomposite leading to oxidize easily to form
the oxide Iron, resulting in the brown color format
Therefore, the ratio of Fe:SjGvas selected to measure
precursor Ethanol 30%
¥

XRD, TEM, BET and Magnetic properties.

HCl
=  Stirring Stirring
Centrifuge 2> N, purge
J’ NaBH,
Stirring  |€&——

v

Collection the
Fe catalyst

L

Drying, 80°C

Fig.2: The 2™ step to synthesis the Fe/SO, nanoparticle
composite

Fig.3: The color of Fe/SO, with various ratio of
3 Characterization of Fe&/SIO, Fe: S0,
X-ray diffraction (XRD) patterns of the specimengres
recorded using an X-ray diffractometer (D8 Phaser,
Bruker) equipped with a Cu Ka radiation source 406
A) and nickel filter. Microstructure analysis was
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Fig.4: XRD pattern of the prepared Fe:SO, =1:1
nanocomposite

Figure 4 shows the XRD pattern of the prepared Fe;SiO
=1:1 nanocomposite. The XRD pattern demonstratat th
SiO, were amorphous phase because of absencing of peaks
corresponding to silica despite coating outsideréduer,

in Fig. 4 we can see that the dominant Fe peak was
observed for Fe:SiDat B=44,68 , some weak peaks at
35.5 and 30.1 are corresponding to f&® iron oxide.

The diffraction peak at 44,88s rather clearly due to the
existing ofa-Fe particles (JCPDS card no. 06-0696).

The morphology of Fe/SiDsample was examined by
TEM measurement ifrigure 5. It can be seen that the
dark sphere was attributed to Fe and the gray shellbe
attributed with Si@Q. The Fe nanoparticles are distributed
uniformly on the SiQ support, leading to enhance the fcl
surface area of Fe on the $i@s well as improve the
stability of Fe on Si@compared to pure Fe.
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Fig.5: TEM measurement of Fe: SO, sample, (a)- (d) Fig.7: The magnetization hysteresisloops of F&/S O, with
overview and high resolution image. Fe:SO,=1:1 (denoted sample F1SL) at room temperature

The Fe:SiQ sample also was measure surface area by Fig. 7 shows the magnetization hysteresis loops of Fg/SiO
Brunauer—Emmett-Teller (BET) measurement. The t®sul (Fe:SiQ=1:1) sample at room temperature using a VSM in
shows the surface area of Fe/SiO2 is about 50.708 is an applied field -1300 kA/m< H < 1300 kA/m. The
much larger than the pure Fe (25/g) [13] from the coercivity (H) value of the prepared Fe/SIO
previous researciThis result could be concluded that the (Fe:SiQ=1:1) was around Hc= 651,43 (Oe) > 10 (Oe), Mr

Fe is dispersed uniformly on the Si€upport. = 13,713 (emu/g). The saturation magnetizatione/ghi)
was about 48,517 (emu/g). Compared with bulk Fge ¥M
— —= — 220 emu/g), the Mvalue of F1S1 sample was reduced.

The magnetzation discrepancy in magnetization value
beween bulk and our nanoparticles could be ateibub

the small particle size effect. It it known tha¢ thaturation
magnetization value of nanoparticles is smallen et of
corresponding bulk materials [14-18].

IV. CONCLUSION

T IM oy 1))
™

- In conclusion, Fe/SiOnanoparticles were synthesized by
soes sol-gel and chemical reduction method a simple ogkth

‘ | - The Fe/SiQ nanocomposite is studied with various ratios
e /_;," | ; § between Fe and SyOWe found that the Fe nanoparticles
|l ‘ l 3 L are distributed uniformly on the SjGupport, leading to

enhance the surface area of Fe on the, Si® well as
improve the stability of Fe on Si&ompared to pure Fe.

Galntve Sraweure, T2

BET summary

mechs T The results shows the surface area of Fe/S#Oabout
TR e 50.108 /g, is much larger than the pure Fe (28gh
Surface Arsa = 52108 mi
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