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Abstract:

The cobalt ferrite nanoparticles were prepared by coprecipitation in the presence of poly (N-

vinylpyrrolidone) (PVP) and characterized by XRD, TEM, EDX and magnetometry. XRD results suggest the for-

mation of pure cobalt ferrite. The mean particle sizes of CoFe,0, samples annealed at 400 °C and 600 C were ca.

6 and 25 nm, respectively as obtained by transmission electron microscopy (TEM). The magnetic measurements

indicated that nano-particles obtained at 400 °C were superparamagnetic while that prepared at 600 °C were ferri-

magnetic.
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0 Introduction

Magnetic nanomaterials have attracted great at-
tentions due to their novel properties and applications.
It is well known that some magnetic properties, such
as saturation magnetization and coercivity, depend on
the particle size, shape and microstructure of the
nanomaterials, which are determined to a great degree
by the preparation method. New preparative methods

are of intense current interest to give rise to nanopar-
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ticles with well-controlled size, morphology and chem-
ical homogeneity.

Ferrites are a group of technologically important
magnetic materials. The nanoparticles of CoFe,O, have
received special attention due to the remarkable prop-
erties observed for bulk CoFe,O,: strong cubic magne-
tocrystalline anisotropy, high saturation magnetization
and coercivity along with good mechanical hardness

1.2,

and chemical stability A variety of methods for

preparation of CoFe,0, nanoparticles have been re-
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ported such as coprecipitation®, hydrothermal®, mi-
croemulsion™, high-energy ball milling”, sonochemi-
cal™, combustion™ and sol gel™ processes. Copre-
cipitation without any additives is a very useful
method to prepare CoFe,0, nanoparticles?=, however
it usually gives larger particles with wide size distri-
bution. The use of a polymer in the coprecipitation
preparation of nanoparticles has been developed to
solve this problem. Polymers such as poly(vinly alco-
hol) (PVA) and polyacrylic acid (PAA) have been ef-
fectively used in the preparation of uniform nanoparti-
cles of Fe;0,™ and BaFe,0,/'*, respectively.

We report herein the preparation of CoFe,O,
nanoparticles by the coprecipitation method using
PVP and subsequent heat treatment. The magnetic

properties of these new CoFe,0, nanoparticles are also

discussed.

1 Experimental

1.1 Preparation of cobalt ferrite nanoparticles

Co (Ac), *4H,0 (1.2 mmol) and Fe (NO;); -9H,0
(2.4 mmol)
PVP (K30) with addition of a 1:12 molar PVP/(Fe** +

Co*) into this solution at room temperature under vig-

were dissolved in 2-propanol (280 mL).

orous stirring. The mixture was hydrolyzed by adding
420 mL of 0.03 mol-L" NaOH solution in 2-propanol
and then refluxed for 5 h. The
formed precipitates were centrifuged at 10 000 rpm for
20 min,

once with ethanol before being dried in air. The solid

at room temperature,
and washed twice with deionized water and

precursors were then annealed to 300 °C  (denoted as
S300), 400 °C (denoted as S400) and 600 °C (denoted
as S600),

were kept at the set temperature for 3 h in order to

respectively, at a rate of 5 C+min™, and
study the temperature effect on particle size and mag-
netic properties of the nanoparticles thus produced.
1.2 Characterization

The crystalline phase of the samples were inves-

tigated by powder X-ray diffraction (XRD)
PERT X-ray diffractometer using Cu Ko radiation (A=

on a X’

0.154 18 nm). The morphology and particle size of the
samples were studied by a JEM-200CX transmission
electron microscopy. The sample composition was de-

(EDX)

termined by energy-dispersive X-ray analysis

on a JEOL JSM-6400 scanning electron microscope.
The measurement of magnetic properties was conduct-
ed on a Lakeshore 7307~9 309 vibrating sample mag-
netometer.

2 Results and discussion

2.1 Charcaterization of CoFe,O, nanoparticles

The X-ray diffractograms of S300, S400 and
S600, which were obtained by annealing the solid
precusor at 300, 400 and 600 C, respectively, are
shown in Fig.1. S300 shows a broad and unresolved
peak (35°)  (Fig.1la)
phase had started to nucleate.

suggesting that the crystalline
S400 and S600 show
the clear XRD patterns, which match the standard
pattern of CoFe,O, (JCPDS No.22-1086) (Fig.1b and
le).
particle size of S400 and S600.
sizes of S400 and S600 were roughly estimated from
diffraction peak (311) by the Scherrer formula to be 6

The broad nature of the peaks implies the small

The mean particle

nm and 25 nm, respectively. The calculated cell pa-
(0.839 nm)
in Fig.lc was close to that of bulk ferrite (0.839 5(5)
nm)!"™,  EDX analysis showed that the Co/Fe ratio in
S300, S400 and S600 was ca. 1/2, in good agreement
with the formula of CoFe,0,.

rameter obtained from diffraction peaks
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Fig.1 X-ray diffraction patterns for (a) S300, (b) S400
and (c) S600

The transmission electron micrographs for S400
and S600 are shown in Fig.2. They show that S400
and S600 contain highly aggregated particles with
roughly estimated size of 5 and 30 nm, respectively.
These results were in a good agreement with those of

XRD studies of S400 and S600. Therefore, with the
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Fig.2 TEM images of samples (a) S400 and (b) S600

assistance of PVP, the coprecipitation and subsequent
heat treatment gave CoFe,0, nanparticles with rela-
tively narrow size distribution.
2.2 Magnetic properties

Room-temperature magnetization curves in fields
up to 10000 Oe for the as-prepared CoFe, O, nanopar-
ticles annealed at different temperature are shown in
Fig.3. In the curve of S400, no hysteresis was found,
indicating the superparamagnetic nature of S400. The
distinguishable hysteresis phenomenon appeared for
5600,
netic. The values of maximum magnetization in the
field of 10 000 Oe were 18.6 and 55.5 emu-g™ for
S400 and S600, respectively. However, they were not
saturated even at 10 000 kOe. The value for S600,
even not saturated in the field of 10000 kOe, is close

suggesting that S600 particles were ferrimag-

to the saturation magnetization of bulk cobalt ferrite,

65 emu g™ When the annealing temperature rose

from 400 C to 600 °C,

the sample changed from
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Fig.3 Magnetization versus applied magnetic field

measured at room temperature for CoFe,O,

samples: S400(a) and S600(b)

to ferrimagnetic with increase
of the particle size. The coercivity for S600 was 723
Oe, which was smaller than that of bulk ferrite, 980

Oel". The remanent magnetizations for S600 was 19.3

superparamagnetic

emu-g™.
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