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Abstract CoLa0.1Fe1.9O4 ferrite nanocrystal was synthe-

sized under an induced AC magnetic field by the emulsion

method. From XRD pattern, it is shown that all the samples

are cubic structure of the spinel ferrite. The morphology of

samples synthesized under an induced AC magnetic field

was flake-like in shape from TEM image. Both the strength

and acting time of external magnetic field influence the

crystallite sizes of samples. Magnetic properties of samples

were measured by vibrating samples magnetometer

(VSM). The changing morphology of sample when an

external magnetic field was applied, which might be

responsible for the low magnetic properties.

1 Introduction

Development of morphology-controlled synthesis meth-

odologies is of great interest in materials science [1–3].

Ferrites are important materials, which are broadly used in

magnetic fields, including ferrofluid technology [4], con-

trast enhancement of magnetic resonance imaging [5],

magnetically guided site-specific drug delivery [6] and data

storage [7]. Among ferrites, spinel ferrites are the most

important materials and have been widely applied [8]. In

recent years, fabrication and characterization of low-

dimensional nanostructures have attracted considerable

attention, not only because they have many special

potential applications [9, 10], but also because they con-

tribute to the functional understanding of physical and

chemical properties of materials. Spinel ferrites nanopar-

ticles provide opportunities to understand magnetic

properties at the atom level without the interference from

complicated domain wall movement, especially for study-

ing the size-dependent magnetic properties. Up to now, a

number of methods are used to prepare spinel nano-ferrites.

These methods can usually be used to produce spherical or

irregular-shape nanoparticles. In this paper, flake-like

CoLa0.1Fe1.9O4 nanoparticles were synthesized under an

induced AC magnetic field by emulsion method.

2 Experimental

Nanocrystalline CoLa0.1Fe1.9O4 ferrites were prepared by

the emulsion method. The chemical reagents for this

experiment are all analytical grade of Co(NO3)2 6H2O,

Fe(NO3)3 9H2O, La2O3 and polyethylene glycol-20000.

For sample preparation, raw materials were first of all

made to weigh according to prescribed compound radios,

and then mixed solutions were prepared with distilled

water. Secondly, while agitating well, ammonia solution

(2 mol/L) was added to these mixed solutions, adjusting

the pH, and the solutions were co-precipitated in a range of

pH 9.0–9.5. The suspension was placed into the external

magnetic field immediately and aged at 100 �C for dif-

ferent time, then centrifuged, washed with distilled water

for three times and then dried to prepare precursors. The

precursors were calcined at 600 �C at air atmosphere for

2 h.

The structure and the crystallite sizes were tested by

X-ray diffractometer in the 2h range 25–65� using CuKa
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radiation (k = 0.15,405 nm). The type of X-ray diffrac-

tometer is SHIMADZU Co. Tokyo Japan. The crystallite

sizes are calculated using Scherrer’s relationship D = kk/

Bcosh, where ‘D’ is the average diameter in nm, ‘k’ is the

shape factor, ‘B’ is the broadening of the diffraction line

measured half of its maximum intensity in ‘radians’, ‘k’ is

the wave length of X-ray and ‘h’ is the Bragg’s diffraction

angle. The crystallite sizes of the samples are estimated

from the line width of the (311) XRD peaks.

The morphology and the particle sizes of the samples

were observed from the Hitactli H-800 TEM. For this

measurement, the sample was deposited on copper grids

and the microscope was operated at an accelerating

potential of 175 KV.

Magnetic measurements are carried out at room tem-

perature using a vibrating samples magnetometer (VSM)

(Digital Measurement System JDM-13) with a maximum

magnetic field of 10000Oe.

3 Results and discussion

As shown in Fig. 1, the sample formed under a magnetic

field is cubic structure of spinel ferrite without any impu-

rity phases. Moreover, from the broadening of diffraction

peaks of XRD, it is indicated there is the nature of small

crystallite sizes for the sample.

Flake-like nanoparticles are observed in the sample

prepared when a 0.125T magnetic was applied (Fig. 2). A

magnetic field applied, CoLa0.1Fe1.9O4 flake-like nano-

particles (13 nm) are hexagonal in shape.

From Table 1, it is shown that the crystallite sizes of

samples are increased with the intensity of external mag-

netic field. This may be due to the magnetic effects. The

Lorentz force increases with the intensity of external

magnetic field. It seems that Lorentz force plays a role at

the level of individual ions in the aqueous solution,

inducing the preferential nucleation and growth of

CoLa0.1Fe1.9O4 nanoparticles.

Under the same intensity of external magnetic field, the

crystallite sizes are decreased with the increase of acting

time (Table 2). It is in favor of uniform nucleation to

prolong the acting time properly. That is to say uniform

nucleation conduces to the decrease of crystallite sizes.

From Figs. 3 and 4, the magnetic parameters of the

samples are listed in Tables 3 and 4, respectively. Inter-

estingly, the magnetic properties of samples are changed

drastically when an external magnetic field was applied.

From Tables 3 and 4, we can observe that all magnetic

parameters are decreased with both the increasing intensity

and acting time of external magnetic field. The increase of

strength and acting time of external magnetic field leads to

Fig. 1 XRD pattern of CoLa0.1Fe1.9O4 nanoparticle prepared under a

0.125T magnetic field for 6 h

Fig. 2 TEM image for the

sample prepared obtained in

0.125T magnetic field for 6 h

(a). Magnified TEM image of

the flake-like nanoparticles

(boxed area in a) was shown in

(b).
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the change of morphology. Shape anisotropy are enhanced,

simultaneously macroscopically magnetic properties are

influenced. The magnetic domain in the flake-like nano-

particles may be oriented parallel, perpendicular, and even

antiparallel to the measured magnetic field. The antiparallel

magnetic domain, for example, must overcome much

higher energy barriers to align in the direction relative to

the measured magnetic field. In addition, the high shape

anisotropy of the flake-like naoparticles, preventing them

magnetizing in directions other than along their easy

magnetic axes, might be a major reason. With a random

orientation of flake-like nanoparticles, the projection of the

magnetization vectors along the field direction will be

lower than that for a collection of nanoparticles without the

large shape anisotropy effect. All of above mention lead to

the decrease of saturation magnetization.

Hi = He - Hd, Hi is the true magnetic field for mag-

netizing materials, He is the applying magnetic field for

magnetizing materials, Hd is receding magnetic field. The

energy of receding magnetic field is the energy of shape

anisotropy in nature. The flake-like shape makes the

increase of shape anisotropy, so the energy of receding

magnetic field is increased. According to the above equa-

tion, the increase of Hd leads to the decrease of Hi. So the

change of morphology might be responsible for the low

coercivity.

Table 1 The crystallite sizes of the samples synthesized at different

intensity of external magnetic field for 3 h

External magnetic field (T) 0 0.06 0.125 0.2

Crystallite size (nm) 11.0 11.6 13.1 14.0

Table 2 The crystallite sizes of the samples synthesized at the same

intensity of external magnetic field for different acting time

Acting time (h) 3 6 8

Crystallite size (nm) 13.1 12.5 11.6
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Fig. 3 The magnetic hysteretic

curves of the samples

synthesized at different intensity

of external magnetic field for

3 h

Table 3 The magnetic parameter of the samples synthesized at dif-

ferent intensity of external magnetic field for 3 h

External field (T) D (nm) Ms (emu/g) Mr (emu/g) Hc (Oe)

0 11.0 58.0 17.3 530.0

0.06 11.6 57.9 12.6 339.0

0.125 13.1 54.1 10.6 290.7

0.2 14.0 50.5 8.8 258.1

Table 4 The magnetic parameter of the samples synthesized at the

same intensity of external magnetic field for different acting time

Acting time (h) D (nm) Ms (emu/g) Mr (emu/g) Hc (Oe)

3 13.1 54.1 10.6 290.7

6 12.5 50.8 8.4 258.1

8 11.6 48.1 7.0 214
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4 Conclusions

With flake-like shape, nanocrystalline CoLa0.1Fe1.9O4 fer-

rite are synthesized under an induced AC magnetic field by

the emulsion method. From XRD pattern, it is shown that

all the samples synthesized under external magnetic field

are still cubic structure of spinel ferrite. The crystallite size

of sample is increased with the increasing intensity of

induced AC magnetic field, but decreased with the increase

of acing time. The magnetic properties are decreased with

both the intensity of external magnetic field and acting

time.
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Fig. 4 The magnetic hysteretic curves of the samples synthesized at the same intensity of external magnetic field for different acting time.
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