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Abstract - Cobalt nanoparticles were prepared by following the modified polyol process. The reduction of cobalt salt was
carried out using hydrazine hydrate. The x-ray diffraction pattern of the as prepared cobalt sample revealed amorphous nature
and annealed particles exhibited crystallinity. Crystallite sizes were determined using Debye Scherrer equation. Surface
morphology has been investigated using Scanning Electron Microscopy (SEM). Average particle size estimated from SEM
image was 32 nm. Magnetic properties of the as prepared particles were studied at 10K and 300K in a SQUID magnetometer.
A slight decrease in saturation magnetization and appreciable decrease in coercive field has been noted as the temperature was
increased from 10K to 300K. These results were discussed in view of existing literature.
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l. INTRODUCTION

Nanosized ferromagnetic metal particles have been of great
interest due to their useful electrical, optical, magnetic and
mechanical properties that are mainly due to the large surface
area which differentiates them from their bulk form [1].
Ferromagnetic metal nanoparticles are used in solar energy
absorption and magnetic recording [2]. Particularly, the
cobalt has been of special interest because of its high
saturation magnetization and Curie temperature. Cobalt is
also known for the allotropic forms of Hexagonal Close
Packed (HCP), Face Centered Cubic (FCC), Epsilon (g) and
Body Centered Cubic (BCC) [3, 4]. Different methods have
been used by the researchers to synthesize cobalt
nanoparticles such as hydrothermal reduction, sodium
borohydride reduction, solvothermal chemical process, high
temperature thermal decomposition, vapour deposition and
polyol reduction method [5-10]. Cobalt nanoparticles
prepared by a facile NaBH, reduction method at room
temperature showed best adsorption ability for Congo red in
the waste water treatment [11]. Nano sized colloidal cobalt
studied for the electrochemical potentials [12]. The liquid
phase reduction method produced cobalt particles have been
shown to be a potential candidate for microwave absorption
applications [13]. To our knowledge, the cobalt particles
prepared by modified polyol method have not been explored
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much for magnetic properties. Polyol process is very simple,
cost effective and requires less technical apparatus.

The present work involves synthesis of cobalt nanoparticles
by modified polyol process in the temperature range from
328K to 333K. The structural investigations were carried out
by XRD and SEM techniques. Magnetic properties were
studied using sophisticated SQUID magnetometer at low and
room temperatures. Paper has been written into four distinct
sections, Introduction, Materials and methods, Results and
discussion and conclusions. Introduction section contains a
brief review of literature survey related to the present work ,
motivation and scope of the work. The section on materials
and methods contains sample preparation and measurements
techniques. Results and discussion section deals with the
results, analysis and discussion. Conclusion part narrates the
major conclusions drawn from the results.

Il.  MATERIALS AND METHODS

AR grade sd-fine make Cobaltous chloride hexahydrate
(CoCl,. 6H,0), Sodium hydroxide (NaOH), Hydrazine
hydrate (N,H,;. H,O) 80%, 1, 2 Propandiol, acetone and
double distilled water were used to prepare cobalt particles.

Cobaltous chloride hexahydrate of 3.5 g was dissolved in 60
ml of 1, Propandiol at 328K. Sodium hydroxide of 9.6 g was
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dissolved in 1, 2 Propandiol at 328K. The two solutions were
prepared separately with magnetic stirred for 30 minutes.
Then, the Sodium hydroxide solution was added to the
cobaltous chloride solution. After 15 minutes of stirring, 11
ml of Hydrazine hydrate was added drop wise. Reduction
was allowed to proceed for an hour in the temperature range
from 328K to 333K and then the reaction was cooled to room
temperature. The dark grey colour cobalt particles were
collected and washed with double distilled water and acetone
several times [14]. Finally powder was dried in an electric
oven.

The sample so prepared was XRD studied in a X-ray powder
diffractometer (model D2 PHASER). Surface morphology of
the sample was probed by the Scanning Electron Microscopy
(model JSM 6360). The magnetic study was performed in a
SQUID magnetometer (EC MPMS XL) at 10K and 300K.

I1l. RESULTS AND DISCUSSION

i) XRD: A trace of X-ray diffractogram of the present cobalt
powder is shown in the Figure 1. In the figure, we see no
peaks even up to 90° of 20. Absence of characteristic
diffraction peaks suggests that as prepared Cobalt sample is
amorphous in nature. Cobalt nanoparticles synthesized using
NaBH, as reducing reagent were reported to have shown
amorphous nature [11, 15, 16]. Cobalt nanoparticles prepared
at temperature near boiling point of the solvent by polyol
method have shown HCP and FCC crystal structures [10, 16,
17]. The amorphous nature of the present cobalt powder may
be attributed to the preparation temperature and the
concentration of the reducing agent used.

A part of as prepared cobalt sample was annealed at 773 K
and the XRD characterization was done again. XRD pattern
of this annealed sample is shown in Figure 2. The peaks
found at 20 values are matching with HCP and FCC
structure. But intensity of FCC peaks is very weak compared
to HCP peaks. Cobalt oxide peaks are also seen in the pattern
[18]. Crystallinity of the annealed powder has been reported
earlier in [15, 16]. Cobalt FCC structure was preferred
thermodynamically above 723K [3, 4]. In the present case
we found coexistence of the FCC and HCP phases at 773K.
The existence of the HCP along with FCC structure after
annealing at 873K was observed in [3]. Annealing the
sample still at higher temperature may lead to FCC structure.
Using Debye-Scherrer formula, average crystallite sizes were
estimated to be 28 nm for HCP phase and 10 nm for FCC
phase.
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Figure 1. X-ray diffraction of as prepared cobalt powder
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Figure 2. XRD pattern of Cobalt powder annealed at 773 K
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Figure 3. SEM image of as prepared Cobalt powder

ii) SEM: Figure 3. shows the Scanning electron Microscopy
image of as prepared cobalt sample. Heavy agglomeration of
the particles taking globular shape is noticeable in the figure.
Average particle size calculated from SEM image is 32 nm.
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Figure 4. Hysteresis loops of as prepared cobalt powder at (a) 10K
and (b) 300K.

iii) Magnetic properties: The magnetic properties of the as
prepared cobalt particles have been investigated at two
different temperatures in a Superconducting Quantum
Interference Device (SQUID) magnetometer. Hysteresis
loops recorded at 10K and 300K are shown in Figure 4(a)
and 4(b) respectively. These loops reveal perfect
ferromagnetism of the particles. Magnetic parameters
obtained from the loops are tabulated in Table 1. A slight
decrease in M value was noted when the temperature
increased from sizable 10K to 300K. But fall in M; compared
to bulk cobalt material (M;=168 emug™) can be observed.
The decrease in saturation magnetization can be attributed to
the smaller particle size, high surface energy and possible
partial surface oxidation of the cobalt nanoparticles [17]. The
coercive field H, of the sample is decreased remarkably from
149.908 Oe to 82.932 Oe on increasing the temperature from
10K to 300K. However, the H. value observed at 300K is
much higher than that measured for bulk sample (H. = 10
Oe) [11]. Enhanced coercive field is in agreement with
reports for ultrafine ferromagnetic material [3, 11, 17, 19].
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Remnant magnetization also decreased from 17.339 emug™
to 8.119 emug™ when the temperature was increased from
10K to 300K.

Tablel: Magnetic parameters of the as prepared Cobalt particles.

Temperature Saturation Remnant Coercive | M/M;
(K) magnetization | magnetization | field (H.)
(My) inemug® | (M,)inemug™ in Oe
10 149.942 17.339 149.908 0.116
300 149.542 8.119 82.932 0.054

IV. CONCLUSIONS

Cobalt nanoparticles were prepared by modified polyol
process. Absence of characteristic peaks in the XRD pattern
confirmed amorphous nature of the as prepared cobalt
nanoparticles. These particles exhibited crystallinity upon
annealing at 773K. The globular shapes were seen in SEM
image, which were the result of strong agglomeration of the
particles. Magnetic properties were studied for as prepared
sample at two different temperatures. Saturation
magnetization decreased slightly and Coercive field
decreased appreciably on increasing the temperature from
10K to 300K. From this it is learnt that cobalt particles
become magnetically soft as the temperature is increased.
Based on this we propose these nanoparticles for magnetic
recording media.
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