
1. INTRODUCTION

With the development of nanomaterial’s
and nanotechnology, more and more efforts have
been directed towards large-scale synthesis of
nanoparticles in recent years due to their potential
applications in many areas. In such uses,
nanoparticles with different purity, size, shape and
structure will greatly influence the ultimate
performance of the devices, accordingly, preparation
of nanoparticles with desired quality and low cost
by convenient method in large scale is of great
importance (Huzhi Wang et al. 2008)

Since the innovation of Nano chemistry in
past decades, numbers of materials in Nano-scale
have been synthesized via many methods. Nano
materials have been widely used in various fields,
such as photo electronic, recording materials,
catalysis, sensors, ceramic materials, etc., due to
their  special structures and properties
(NowsathRifaya et al. 2012).

 Due to their small dimensions and large
specific surface areas, nanomaterials have attracted
the scientific community in the recent days owing
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to their potential use as high density magnetic
recording systems, catalysis, Nano electronics,
nanoscale optics, magnetic fluids, biomedicine and
biotechnology. Currently, much attention has been
focused on the preparation of magnetic
Nanomaterial’s because of their potential application
in Ferro fluids, advanced magnetic- materials,
catalysts, optical and mechanic devices, high density
magnetic recording media and medical diagnostics
(Alagiri et al. 2011).

In particular, magnetic nanomaterial
exhibit very high magneto resistance, large
coercivities, high curie temperatures, and low
saturation magnetization (Ravi Eluri and Brian Paul,
2012). Consequently, magnetic nanomaterials have
attracted much attention in sensors, imaging (Frey
et al. 2010), magnetic storage, and ferro-fluids
applications (Xia et al. 2010).Several methods have
been developed for the preparation of nanoparticles,
including gas condensation process (Ho Chang and
Ming-HsunTsui 2008), thermolysis(Capezzuto et al.
2009), electrospining method (Chum-Rong Lin et
al., 2009),  wet chemical method (Sahoo et al.,
2009), sono - chemical reduction, metal vapour.  In
this present work we reported some experimental
results concerning the synthesis of Fe-Co-Ni
nanoparticles obtained by a chemical method called
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Abstract

The monodisperse Fe-Co-Ni trimetalic powder has been synthesized by polyol method. The syn-
thesized nanoparticles were characterized by scanning electron microscopy (SEM), energy dispersive X-
ray spectroscopy (EDS) and Fourier transform infrared spectroscopy (FT-IR).The morphological fea-
tures as studied using SEM revealed that the nanoparticles were agglomerated, crispy with porous.
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synthesis, chemical reduction (Zhang Qui-li et al.
2010)  vacuum vapour deposition, radiation
methods, micro emulsion techniques and laser
ablation (Jin Zhang et al. 2008), sol gel method
(Alagiri et al. 2011) and liquid polyol method (Wei
Cai and JiaquiWan, 2007 andHaris et al. 2010).

In this present work we reported some
experimental results concerning the synthesis of Fe-
Co-Ni nanoparticles obtained by a chemical method
called the polyol process. In the polyol process the
liquid polyol acts as the solvent of the metallic
cations. The solution is heated to a given
temperature reaching the boiling point of the polyol
for less reducible metals (Ciracet al. 2008).

2. MATERIALS AND METHODS

Cobalt(II) acetate tetrahydrate, nickel(II)
acetate tetrahydrate, Iron(II) chloride tetrahydrate,
Oleic acid, 1,2-propanediol, dihydroxydiethylether,
1,2-ethane diol, AgNO3, NaOH are of high purity
and used without further purification. The Fe-Co-
Ni nanoparticles are prepared by reductive thermal
decomposition of Co(II) acetate tetrahydrate and
nickel(II) acetate tetrahydrate and Iron(II) chloride
tetrahydratein the presence of 1,2-propanediol as a
reducing agent and a mixture of surfactants such as
oleicacid, 1,2-ethanedioland dihydroxydiethylether.

In a typical  procedure, 0.13molL  1

ofIron(II) chloride tetrahydrate, 0.043 molL-1 Co(II)
acetate tetrahydrate and 0.043molL-1 nickel(II)
acetate tetrahydrate are added in the 250 mL round
bottom flask.  0.25molL-1 of NaOH in 1,2-
propanediol (1.2 mL) as a reducing agent, 50mL of
dihydroxydiethylether in pinch of AgNO3, 1,2-
ehthanediol (50 mL), Oleic acid (2 mL) as
surfactants are added to it. The solution containing
all the reactants and the nucleating agent was slowly
heated up to the boiling point under megnetic
stirring at 250 rpm and then maintained at this
temperature for 2 hours. After  cooling, the
precipitate of metallic powder was separated,
sonicated and washed several times with ethanol,
water and acetone and finally dried with under hot
air oven in the convection mode at 2000 C.

The morphology and size distribution of
the magnetic nanoparticles were determined by
scanning electron microscopy (SEM) technique
(model HITACHI Japan). The compositional
analysis was conducted by EDS (Energy Dispersive
Spectrometry). The FT-IR spectra of the dried
powder samples were obtained with a SHIMADZU
spectrometer in therange of 4,000– 400 cm-1.

3. RESULTS AND DISCUSSION

The SEM images are shown in Figure 1a,
1b, 1c. The observed larger particles exhibited
numerous spherical perturbances on the surface,
suggesting that they were formed during the
precipitation process through fusion of much smaller
particles. The prepared products were agglomerated
from few microns to a few tens of nanometers, fluffy
and porous (Tahvildari et al. 2012).  In Figure 1c
shown that some e of the nano rod like structures
were performed that the growth conditions. It can
be observed that the mean diameter of the nano rod
varies between 426 nm to 438 nm.

The EDS analysis of the two single
particles are shown in figure 2. This provides the
confirmation of presence of Fe, Co and Ni in the
single particle. The average composition of each
nanoparticle is found to be Fe (=1.58 at. %), Co
(=34.57 at. %) and Ni (=28.83 at. %). Apart from
Co and Ni peaks, carbon and oxygen peaks are also
observed in the EDS spectrum.

The FT-IR spectrum of the sample Figure
3 indicates that the bond has been formed with the
oleic acid and the metallic core. The IR bands in
the 2854-2924 cm-1 region arise from the vs(-CH2)
andva(-CH2) stretching of the oleic acid carbon
chain. A broad v(OH) stretch at 3414cm-1 is present
as well. The two signature bands at 1635 cm-1 and
1462 cm-1 thatcorrespond to vs(C=O) and va(C=O)
indicating a bond has formed between the
particleand the capping agent are present as well.
All other bands below 2000 cm-1 are due to thev(C-
C) stretch, v(C-O) stretches, CH2 deformations and
other motions that are toocomplex to assign and
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Fig. 1a SEM image of Fe-Co-Ni nanoparticles

Fig. 1b SEM image of Fe-Co-Ni nanoparticles

Fig. 1c SEM image of Fe-Co-Ni nanoparticles

Fig.2 EDS spectrum value of Fe-Co-Ni
nanoparticles

indicate the oleic acid chain is still present. The
sharp band at1635 cm-1 has been attributed to a äH2O
vibration (ä signifies an in phase rock).

Fig.3 FTIR spectrum of Fe-Co-Ninanoparticles

This result indicates that ethylene glycol
remains on this sample, probably adsorbed on the
nanoparticles surface, despite the successive ethanol
washing steps done after the synthesis of this
material. In fact, some bands attributed to ethylene
glycol were also detected on the ether containing
sample, which should be an indicative that ethylene
glycol is also present on the dihydroxydiethylether
containing Fe-Co-Ni nanoparticles surface (Giselle
et al., 2007).
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4. CONCLUSION

The Fe-Co-Ni nanoparticles were
successfully synthesized through polyol method. A
wide range of Fe-Co-Ni nanoparticle sizes within
the micrometer scale was obtained by this method
with addition of agglomeration reducing agent. The
structure of the synthesized sample was confirmed
by SEM studies. FTIR analysis indicates that the
carbonyl groups in the oleic acid structure strongly
coordinate on the nanoparticle surface. So after
synthesizing the sample ethanol washing was
needed. Further research is under progress in our
laboratory.

ACKNOWLEDGEMENT

The authors are thankful to the
Management committee members and the Principal
of Jamal Mohamed College for providing necessary
laboratory facilities.

REFERENCES

Alagiri. M, Muthamizhchelvan. C, Ponnusamy.S,
“Structural and magnetic properties of iron,
cobalt and nickelnanoparticles”, Synthetic
Metal, 161, pp. 1776-1780, (2011).

Capezzuto. F, Carotenuto. G, Antolini. F, Burrest.
E, Palomba. M, Perlo. P, “New fluorescent
polymericnanocomposites synthesized by
antimony dodecyl-mercaptide thermolysis in
polymer”, Express Polymer Letter, 3(4), pp.
219-225, (2009).

Chirac. H, Moga. A.E, and Cherasim. C,
“Preparation and characterization of Co, Fe and
Co-Fe magnetic nanoparticles”, Journal of
Optoelectronic and Advanced Materials,
10(12): 3492 – 3496, (2008).

Chun-Rong Lin, Tsu-Chi Tsai, Max Chung and Shih-
Zong Lu, “Synthesis and characterization of
magnetic nanoparticles embedded in polyvinyl
pyrrolidonenanofiber film by electrospining
method”, Journal of Applied Physics, 105, pp.
1-3, (2009).

Frey Nag Peng S, Cheng K, Sun S  “Magnetic
nanoparticles synthesis, functionalization and
applications in bio-imaging and magnetic energy
storage”, Chemical Society Reviews,38(9):
2532 -2542, (2009),

Giselle G. Couto, Joao J. Klein, Wido H. Schreiner,
Dante H. Mosca, Adilson J.A. De Oliveria and
AldoJ.G. Zarbin, “Nickel nanoparticles obtained
by a modified polyol process: Synthesis,
Characterization, and magnetic properties”,
Journal of Colloid and Interface Science, 311:
461 – 468, (2007).

Harris. V.G, Chen. Y, Yang. A, Yoon. S, Chen. Z,
Geiler. A.L, Gao. J, Chinnasamy. C.N, Lewis.
L.H, Vittoria. C, Carpenter. E.E, Carroll.K.J,
Goswami. R, Willard. M.A, Kurihara. L,  Gjoka.
M and Kalogirou. O, “High coercivity cobalt
carbide nanoparticles processed via polyol
reaction: a new permanent magnet material”,
Journal of Physics D: Applied Physics,43, pp.1-
7, (2010).

Huzhi Wang, Xin Li Kou, Jie Zhang and Jiangong
Li. “Large scale synthesis and characterization
of Ninanoparticles by solution reduction
method”, Bulletin of Materials Science,31(1),
pp. 97-100, (2008).

Ho Chang and Ming-Hsun Tsai, “Synthesis and
characterization of ZnO Nanoparticles having
prismshape by a novel Gas condensation
process”, Reviews on Advanced Materials
Science, 18, pp. 734-743, (2008).

Jin Zhang. A, Christopher. Q, Lan. B, “Nickel and
cobalt nanoparticles produced by laser ablation
of solids in organic solution”, Materials
Letters,62, pp. 1521-1524, (2008).

NowsathRifaya. M,  Theivasanthi. T,  Alagar. M,
“Chemical capping synthesis of nickel Oxide
nanoparticles and their characterization
studies”, Nanoscience and Nanotechnology,
2(5), pp. 134-138, (2012).

Ravi Eluri – Brian Paul, “Synthesis of Nickel
nanoparticles by hydrazine reduction,
Mechanistic study and continuous flow
syntheis”, Journal of Nanoparticle
Research,14: 800, (2012).

                           A. Jafar Ahamed  et al. / J. Environ. Nanotechnol., Vol. 2(2), 76-80, (2013)                  79



Sahoo.P.K, Kalyan Kamal. S.S, Jagadeesh Kumar.
T, Sreedhar. B, Singh. A.K and Srivastava.S.K,
“Synthesis of Silver Nanoparticles using Facile
Wet Chemical Route”, Defence Science
Journal,59(4), pp. 447-455, (2009).

Tahvildari. K, Esmaeili pour. M, Ghammamy. Sh,
Nabipour. H, “CaF2 Nanoparticles: Synthesis
and Characterization”, International Journal of
Nano Dimension,2(4), 269-273, (2012).

Wei Cai, Jiaqi Wan, Facile, “Synthesis of
superparamagneticmagnetilenanopartilces in
liquid polyols”, Journal of Colloid and Interface
Science, 305, pp. 366-370, (2007).

Xia H, Wang J, Tian Y, Chen Q-D, Du X-B, Zhang
Y-L, He Y and Sun H-B, “Ferrofluids for
fabricationof remotely controllable micro-
nanomachines by two-photo polymerization”,
Advnces in Materials, 22(29): 3204 – 3207,
(2010).

Zhang Qiu-li, Yang Zhi-mao, Ding Bing-jun,
LanXin-zhe, Guo Ying-juan, “Preparation of
coppernanoparticles by chemical reduction
method using potassium borohydride”,
Transactions of Nonferrous Metals Society of
China, 20, pp. 240-244, (2010).

80                           A. Jafar Ahamed  et al. / J. Environ. Nanotechnol., Vol. 2(2), 76-80, (2013)


