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Abstract

recording.

One-dimensional cobalt nanostructures with large aspect ratio up to 450 have been prepared via a template-free
hydrazine reduction route under external magnetic field assistance. The morphology and properties of cobalt
nanostructures were characterized by scanning electron microscopy, X-ray diffractometer, and vibrating sample
magnetometer. The roles of the reaction conditions such as temperature, concentration, and pH value on
morphology and magnetic properties of fabricated Co nanostructures were investigated. This work presents a
simple, low-cost, environment-friendly, and large-scale production approach to fabricate one-dimensional magnetic
Co materials. The resulting materials may have potential applications in nanodevice, catalytic agent, and magnetic

Introduction

In recent years, nanostructure materials have been
actively studied due to their novel properties and poten-
tial applications. Among them, much attention has been
focused on one-dimensional (1D) magnetic materials
such as Fe, Co, and Ni due to their potential applica-
tions in nanodevice, biosensor, and magnetic recording
[1-3]. 1D cobalt nanostructures with uniform shape and
high purity have become increasingly required for speci-
fic uses in many areas, such as in high-density informa-
tion storage, magnetic sensors, commercial batteries,
and catalysts.

Various approaches have been developed to synthesize
cobalt nanostructures [4-6]. For example, Puntes et al.
prepared Co nanodisks by rapid decomposition of car-
bonyl cobalt in the presence of trioctylphosphane (TOP)
and oleic acid (OA) [7]. Legrand et al. applied a physical
method to synthesize 3D supra-organization of Co
nanocrystals [8]. The most common method to fabricate
1D Co nanostructures is based on porous anodic alumi-
num oxide (AAO) templates. Li et al. prepared Co
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nanowire arrays in alumina arrays by using a chemical
electrodeposition method [9]. Other templates such as
polyaniline or polycarbonate membranes, diblock copo-
lymer, and mesoporous silica have also been applied to
fabricate magnetic Co nanowires [10-12]. In view of the
complexity of multi-step template preparation and low
production, it is imperative to develop simpler template-
free methods for the fabrication of magnetic Co
nanowires.

In recent years, our research group has reported a
chemical solution reduction approach for fabricating 1D
Ni nanostructures assisted by magnetic fields [13-15].
This may be a more promising method to prepare
cobalt nanostructures in terms of its low cost and
potential for large-scale production. In this study, we
fabricated Co nanowires with large aspect ratio under
normal pressure in absence of any templates or surfac-
tants. The influence of reaction temperature, Co ion
concentration and magnetic field intensity on the forma-
tion and morphology of Co nanowires were investigated.
The magnetic properties of Co nanostructures with dif-
ferent morphology were also evaluated.

Experimental

All chemicals were of analytical grade without further
purification. In a typical synthesis, an appropriate
amount of CoCl,-6H,0O was dispersed in 50 ml of
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ethylene glycol in a 250-ml beaker, where the concentra-
tion of CoCly-6H,O varied from 0.01 to 0.1 M. An
appropriate amount of 85 wt% N,H,-H,O solution and
5 M NaOH solution was then added to the mixed solu-
tion with constant stirring. An NdFeB permanent mag-
net was placed beneath the beaker to apply an external
magnetic field to the reaction system. The magnetic
field intensity on the inner surface of the beaker was
controlled from 0.005 to 0.40 T at room temperature by
adjusting the distance between the beaker and the mag-
net, and the intensity of the magnetic field was mea-
sured by using a Tesla meter. The final mixture was
then allowed to react at temperature of 40, 60, and 80°C
for 30 min. The chemical reaction for the synthesis of
the Co nanowires can be expressed as below:

2Co?* +N,H, +40H™ =2Co | +N, T +4H,0

After the beaker cooled down to room temperature,
the gray solid product floating on the beaker was col-
lected by using a magnet. Then it was washed with dis-
tilled water and absolute ethanol several times and
finally dried in a vacuum oven at 60°C for 24 h.

The size and morphology analyses were performed
using a field emission scanning electron microscope
(SEM, Ultra55, Zeiss). The crystal structure was charac-
terized by an X-ray polycrystalline diffractometer (XRD,
D8 Advance, Bruker) using Cu Ka radiation (A =
1.54056 nm) with graphite monochromator. The hyster-
esis properties were measured on a vibration sample
magnetometer (VSM, Lake Shore 7400).

Result and Discussion

Figure 1 shows the SEM images of resulting products
prepared under different reaction temperatures of 40, 60,
and 80°C, in which Co ion concentration was 0.01 M and
the magnetic field of 0.4 T. It is apparent that the mean
diameter of the wires prepared at higher temperature is
much less than at lower temperature, whereas the aspect
ratio of the wires increased with the temperature firstly
and reached its highest value of about 450 at 60°C and
then decreased with increased temperature. The diameter
is about 4 pm at 40°C (see Figure la) and 800 nm at
60 and 80°C (see Figure 1b, c), respectively. The wires
fabricated at 60°C are much smoother, longer, and more
uniform. This may be derived from the thermodynamic
influence on the nucleation velocity and the subsequent
fast growth of the crystals, which results in smaller size
of the Co particles [16,17]. When the reaction tempera-
ture is sufficiently high up to 80°C, the average length of
the corresponding Co nanowires appears to decrease
from 350 to 200 um as a result of the influence of ther-
mal kinetics interaction. Consequently, we choose
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Figure 1 SEM images with the same magnification times of Co
nanostructures prepared at different reaction temperatures: a
40°C; b 60°C; c 80°C.

temperature of 60°C as the optimal reaction temperature
for the preparation of Co wires.

The influence of Co ion concentration on morphology
of Co wires has also been investigated. Figure 2 shows
the SEM images of products with different Co ion con-
centration under the same external magnetic field of
0.4 T. It can be seen that the Co ion concentration has
a strong influence on the morphology of products. The
average diameter of the wires increases with increased
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Figure 2 SEM images of products prepared in different Co ion
concentrations under a 0.40 T magnetic field: a 0.01 mol/l; b
0.1 mol/l; ¢ 0.5 mol/l.

Co ions concentration. It is about 800 nm for concen-
tration of 0.01 M (see Figure 2a) and about 1.5 um for
0.1 M (see Figure 2b), whereas the average length
decreases from 350 to 50 um. When the concentration
reached 0.5 M, the corresponding products tend to
further agglomerate and grow thicker, which results in
the potato-like structure with the average diameter of
2 pm (see Figure 2c). The possible reason is that the
primary Co crystallites tend to aggregate together to
form spherical particles to decrease the surface energy
when the concentration increased.
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In order to investigate the effect of the external mag-
netic field on the morphology of the resulting products,
magnetic fields with different intensity were applied,
where the Co ion concentration and the reaction tem-
perature were 0.01 M and 60°C, respectively. As shown
in Figure 3a, only some bulky particles were observed in
the absence of the external magnetic field. Under a low
magnetic field of 0.15 T, some short, unsmooth, and
thick wires were obtained. The average length and
diameter are respectively about 200 and 1.5 pm (see

Figure 3 SEM images of samples prepared under different

magnetic fields:a 0 T; b 0.15T; c 0.40 T.
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Figure 3b). The surface of the wires was irregular, at
which lots of Co particles are not aligned along its mag-
netic anisotropy direction in order to reduce the surface
energy. When the intensity of the external magnetic
field was increased to 0.40 T, the corresponding Co
nanowires appeared to be significantly elongated. The
orientation of the Co nanoparticles is further promoted,
which results in some parallel self-assembled arrays of
Co nanowires. The wires have aspect ratio of about 450
with average diameter of 800 nm and length up to
350 um (see Figure 3c). It can be concluded that the
magnetic field had played a very important role in form-
ing 1D nanostructure, and therefore the length of the
wires can be easily controlled by adjusting the intensity
of the external magnetic field.

The XRD pattern of the Co nanowires prepared at
0.01 M concentration under an external magnetic field
of 0.40 T is shown in Figure 4. All the diffraction peaks
can be well indexed to hexagonal-phase cobalt, with lat-
tice constants of a = 2.492 A and ¢ = 4.025 A, which is
well consistent with the standard card (JCPDS 89-4308,
P6s/mmc, a = 2.505 A, ¢ = 4.089 A). Compared with the
neighboring peak (101), the relative intensity of peak
(002) in patterns increases significantly, which indicates
the oriented growth of cobalt crystallites. There is no
other impurity observed, suggesting the prepared Co
nanowires have high purity.

Figure 5 displays the hysteresis loops of the samples
prepared without an external magnetic field (Zero-field),
with a low external magnetic field of 0.15 T (0.15
T-field) and with an external magnetic field of 0.40
T (0.40 T-field), respectively. The saturation magnetiza-
tion (Ms) of the samples is respective 127, 138, and
160 emu/g, which are all smaller than that of bulk Co
materials (168 emu/g). The reduced magnetizations
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Figure 4 XRD pattern of Co nanowires prepared at 60°C under
a 0.40 T magnetic field.
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Figure 5 Hysteresis loops of Co nanostructures measured at
different intensity of applied field: Zero-field, 0.15 T-field, and
0.40 T-field.

result from the surface effect of Co nanostructures, in
which lots of Co atoms of the surface are not aligned
along its magnetic anisotropy direction in order to
reduce the surface energy. Therefore, the magnetic
moments of these Co atoms cannot be aligned along the
magnetic field due to the strong exchange interaction.
On the other hand, the Zero-field sample had coercivity
(Hc) value of 103 Oe, whereas the 0.15 T-field sample
was 84 Oe and 65 Oe for 0.40 T-field one. These values
are much lower than that of bulk cobalt material of
1500 Oe. These differences may be attributed to the dif-
ferent magnetic anisotropy manner [18]. The magneto-
crystalline anisotropy and shape anisotropy are two
main anisotropy energies existed in magnetic materials,
which can induce different coercivity. These two aniso-
tropies cause the nanowires to exhibit a vortex-like
magnetization distribution so that the moment direc-
tions can easily turn parallel to the external magnetic
field, which leads to the reduction in the coercivity of
the products.

The possible mechanism for the formation of Co nano-
wires under applied magnetic field may be expressed as
following: At first, Co ions were reduced by strong reduc-
tion agent of hydrazine hydrate and turned to tiny spheri-
cal particles. Then the magnetic Co particles aligned
along the magnetic field direction to form one-dimen-
sional nanostructures under the magnetic driving force.
The cobalt nanowires retained their linear structure after
kept in ultrasonic bath for 10 min, which proved that the
nanowires displayed a good mechanical strength.

Conclusion

A simple, low-cost, environment-friendly approach of
preparation magnetic Co nanowires was developed.
In this method, the nanowires were fabricated in an
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ethylene glycol solution at normal pressure by assistant
of magnetic field without any templates or surfactants.
The prompt wires have average length of up to 350 pm
and aspect ratio of up to 450. It was found that the
nanowires are elongated with the increasing intensity of
magnetic field, and there is no wires formed in absence
of magnetic field. The reaction temperature and Co ion
concentration have also strong influences on formation
and morphology of nanowires. This method provides a
new approach to fabricate magnetic nanowires under
normal pressure and may be the most promising candi-
date to produce large-scale magnetic nanowires, which
broads their practical applications.
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