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Amorphous Co-Zn alloy nanowire arrays with diameter of about 40 nm were fabricated in anodic alu-
minium oxide films by the electrodeposition method. Transmission electron microscope result shows that
the nanowires are regular and uniform. Selected area electron diffraction and X-ray diffraction results
indicate that the structure of nanowires is amorphous. Vibrating sample magnetometer is employed

to study the magnetic properties of nanowire arrays at room temperature. The results show that the
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arrays of nanowires exhibit uniaxial magnetic anisotropy with the easy magnetization direction along
the nanowire axes owing to the large shape anisotropy. When the applied magnetic field is parallel to the
wire axis, the coercivity and squareness of the nanowire arrays decrease with increasing Zn concentration.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

In the past few years, great attention has been paid to the field
of amorphous materials, due to their unique magnetic, chemical
and electrical properties in basic research and new possible appli-
cations [1-3]. The ferromagnetic amorphous alloys can be used for
electronic components, transformers and memory devices because
they possess low coercivity, high magnetic permeability and other
valuable technological properties [4-6].

The nanowire arrays have become the subject of intensive
research due to their potential applications in ultra-high den-
sity magnetic storage devices and novel physical properties
differing from those of their bulk counterparts [7-9]. Recently
metal-metalloid Fe-P [10], Co-P [11], Ni-P [12] Co-Ni-P [13] and
NdsFegs_xBx [14] amorphous nanowire arrays have been success-
fully explored. As far as amorphous nanowires are concerned,
only a few examples of metal-metal alloy amorphous nanowires
are reported in the literature. Li et al. fabricated the amorphous
C00.71Pt0.29 nanowire arrays by direct current electro-deposition
[15]. For metal-metalloid systems, the dimension of metalloid
atoms is so much discrepancy with metal atoms, so synthesiz-
ing metal-metalloid amorphous is easy. By contrast, synthesis and
characteristics of metal-metal alloy amorphous nanowires is valu-
able.
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The template synthesis in conjunction with electrochemical
deposition has revealed itself to be an easy method of control-
ling compositions of amorphous nanowires [16-18]. Furthermore,
it easily controls both length and the diameter of the pores [19-21].
In this paper, we report the fabrication of Coi_xZny amorphous
nanowire arrays by electrodeposition and investigate the structure
and magnetic properties.

2. Experimental

The ordered anodic aluminum oxide (AAO) films were fabricated by a two-
step anodizing process [16]. Briefly, the starting material, 99.9% pure Al foil, was
degreased, annealed at 500 °C for about 2 h in open air. The foil was then dc anodized
in 0.3 M oxalic acid aqueous solution under a constant voltage of 40V at 0°C for 4 h.
An ordered porous alumina layer containing parallel pores with an average diam-
eter of 40nm was prepared. The electrodeposition of the Co-Zn alloy nanowire
arrays was performed by using a standard double electrode bath. The AAO films
are used as the anode, and the graphite is used as the cathode. The electrolyte
contains FeSO4-7H,0 (30g/1), ZnS04-7H20 (5g/1), H3BO4 (10 g/1), the AC electrode-
positions were conducted at 200 Hz and 15 V for the duration of 5 min. The pH of each
bath was adjusted to 3 with sulfuric acid. The compositions of Co;_xZny nanowires
were adjusted by varying the ratio of Co?*: Zn?* ions in the baths, Normally, the
Co:Zn ratios in the starting electrolyte solution are different with the ratio in the
final products [22]. The compositions in the Co;_,Zn, nanowires were analyzed by
an inductively coupled plasma-atomic emission spectrometer (IRIS, ER/S) with an
uncertainty about +0.01.

The morphologies of the AAO films were obtained by using Field Emission Scan-
ning Electron Microscope (FE-SEM Hitachi S-4800 x ). The nanowire arrays were
separated from the AAO films by dissolving the aluminium oxide film in a solu-
tion of 1 M NaOH for transmission electron microscopy investigation. The images of
Co-Zn nanowires were obtained by using a transmission electron microscopy (TEM,
Hitachi H-600). Inductively coupled plasma-atomic emission spectrometer (IRIS,
ER/S), selected area electron diffraction (SAED) and X-ray diffraction (XRD, X'Pert
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Fig. 1. (a) SEM image of AAO template and (b) TEM image and SAED pattern of the Cog74Zng 26 nanowires.

PRO PHILIPS, with Cu Ka radiation) were employed to study the chemical compo-
sition and structure of the nanowire arrays. The magnetic properties of nanowire
arrays were characterized using a vibrating sample magnetometer (VSM, Lakeshore
7300) with the applied field parallel and perpendicular to the nanowire axis.

3. Result and discussion
3.1. The morphology of Cog.74Zn¢ 6 nanowires

An SEM image of the AAO films is shown in Fig. 1(a). It was
found that the nanopores are uniform and ordered with diame-
ters of about 40 nm. The SAED pattern and the TEM image of the
Cog 74Zng 26 Nanowires with an aspect ratio about 70 are shown
in Fig. 1(b). The TEM result shows that the average diameter of
the nanowires is also about 40 nm, which is in agreement with the
diameter of the nanopores embedded in the templates. The halo in
the SAED pattern indicates that the nanowires are amorphous in
structure.

Fig. 2 illustrates the XRD patterns of Co;_yZny alloy nanowire
arrays at different Zn composition. For x<0.18, there are sharp
peaks which can be indexed as (220), (400) and (440) of face-
centered cubic of Co. With increasing Zn content in the nanowire
arrays, the sharp peak gradually decreases. When the x reaches 0.26,
the sharp diffraction peak disappears, which also reveals that the
nanowire arrays are an amorphous structure, in agreement with
the result of SAED. These results indicate that the Co;_xZn, alloy
nanowire arrays gradually change from a crystalline phase to a
homogenous amorphous phase with increasing the Zn content.
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Fig. 2. X-ray diffraction patterns of AAO templates filled with Co;_,Zny nanowires
of various compositions.

Fig. 3 shows the magnetic hysteresis curves of embedded
Coq_xZny nanowire array with x = 0.26, where [/and ( represent that
the applied field H is parallel and perpendicular to the nanowire
axis, respectively. The shapes of hysteresis loops is different in
two directions, which indicate that the arrays exhibit anisotropy.
It is known that the magnetocrystalline anisotropy is very weak in
amorphous structure, so magnetic anisotropy of nanowires results
from the shape anisotropy. In the amorphous nanowire arrays, as
the interaction between wires is much weaker than that in the
interior of wires, the shape anisotropy can be almost recognized
as uniaxial magnetic anisotropy, and the easy magnetizing axis is
parallel to the nanowires. In general, the coercivity H¢ (//) is greater
than Hc (() due to the anisotropy of the geometrical shape of the
nanowires.

Fig. 4 shows the compositions of Co;_yxZn, nanowires depen-
dence of the coercivity and squareness of the magnetic hysteresis
loops in parallel to the nanowire axis. With increasing Zn con-
centration x from 0 to 0.26, the coercivity Hc (//) decreases from
1900 to 1050 Oe and squareness Mr/Ms (//) decreases from 0.94
to 0.81. It is known that the remanence and coercivity depend on
the magnetization reversal process. The chains-of-spheres model
was used to interpret the magnetization reversal process in mag-
netic nanowires [22]. In the case of symmetric fanning, the parallel
coercivity of the nanowires is proportional to the saturation mag-
netization Ms. With the Zn content increasing, the Ms of Co{_,Zny
alloy nanowire arrays decrease, which is consistent with symmetric
fanning model.
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Fig. 3. RT magnetic hysteresis loops of Cog74Zng2s nanowires embedded in AAO
templates.
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Fig. 4. Composition dependence of coercivity and squareness in parallel to the
nanowires of Co;_yZn, nanowires.

4. Conclusions

In conclusion, the arrays of Coi_yZny amorphous nanowires
with diameters about 40 nm were fabricated in AAO templates by
the electrodeposition method. The structure and magnetic proper-
ties of the arrays were investigated. With the Zn content increasing,
the Coq_xZny alloy nanowire arrays gradually change from a crys-
talline phase to a homogenous amorphous phase, and the coercivity
in parallel to the nanowire axis decreases. Due to the shape
anisotropy effect, the arrays of nanowires exhibit obviously uni-
axial magnetic anisotropy and the easy magnetizing axis is parallel
to the nanowires.
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