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Fabrication of Ni/Al,03; Core-Shell Nanowire Arrays in Porous Alumina Membranes
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Ordered Ni/Al,O5 core—shell nanowire arrays were prepared
in porous alumina membrane via alternating current electro-
deposition and chemical etching methods. The shape of the inner
Ni core is columnar with a diameter of 50 nm. The shape of the
outer Al,O3 shell is a regular hexagon and the well thickness is
about 40 nm. This novel structured material can be used as a media
for magnetic storage and high-temperature nanoelectronic devices.

Ni nanostructured materials have attracted great attention
over the past decade because of their potential use in high
density perpendicular magnetic memories,! high sensitivity
magnetic sensors,” catalysts,’ hydrogen storage materials,* and
other applications.® Ni nanopowders have been used in catalysts®
and coating materials’ in the early years. Recently, it was
discovered that characteristic parameters of nanostructured
materials have a strong relation to morphology.® In particular,
the application of Ni has been further expanded due to the
successful preparation of one-dimensional Ni nanostructure
materials. Magnetic memories of Ni nanowire arrays have been
extensively studied in recent years.” But the applications of
nanowires have been limited because nanowires are subject to
oxidation under service due to their small size and huge specific
surface area. In order to overcome these shortages, it is necessary
to cover the surface of the Ni nanowires with another material.

In this letter, we report an easy route to fabricate Ni/Al,O3
core-shell nanowire arrays. The Ni core can maintain high
activity and avoid oxidization because of the outer cover layer.
Meanwhile, this new nanostructured material may have potential
applications in magnetic storage and high-temperature nano-
electronic devices due to its high thermal and chemical stability'®
and important dielectric properties'' of alumina. The morphology
of Ni/Al,O3; core-shell nanowire arrays were studied by field
emission scanning electron microscopy (FE-SEM, model
Sirion 200). Furthermore, the formation mechanism of the
Ni/Al,O; core—shell nanostructure is also discussed.

The fabrication of Ni/Al,O3 core-shell nanowire arrays is
shown in Figure 1. First, a two-step anodic oxidation technique,
which has been described in ref 12, was applied to prepare the
porous alumina membrane (PAM). The anodization was carried
out in 0.4 mol L~! oxalic acid solution at 50 V¢ and 20 °C. The
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Figure 1. Fabrication of Ni/Al,O3 core—shell nanowire arrays: (a) PAM
with highly ordered nanopores, (b) filling of Ni nanowires into alumina
pores via AC electrodeposition, and (c¢) Ni/Al,Oz core-shell nanowire
arrays.
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duration of the first step anodization was 0.5h, and that of the
second step anodization was 4 h. After anodization, a technique
of reducing the anodization voltage from 50 to 10 Vpc at
1 Vmin~', as described in ref 13, was applied to thin the
barrier layer in order to increase the deposition rate during the
alternating current (AC) electrodeposition.

The main electrolytic solution had the following fixed
composition as described in Table 1. Nickel sulfate was the
source for metal ions, ascorbic acid was used as a complexing
agent, and boric acid acted as a buffering agent to control pH
of the electrolyte during the deposition process. All chemicals
were analytical reagent grade. After deposition, the sample was
washed thoroughly with distilled water several times and
flooded by heated N, flow for 10 min. Then the sample was
immersed in 1 mol L™' NaOH solution and subjected to ultra-
sonic treatment for 20 min at 20 °C.

Figure 2 shows a SEM image of the surface view of the
PAM after the second anodization at 50 Vpc in 0.4mol L™
oxalic acid solution at 20°C. A well-ordered array and honey-
comb texture of nanopores is observed. The pore channels are
parallel to and lie perpendicular to the surface of the membrane.
The diameter of the pores is on the order of 50 nm, and pore
density can be as high as 1.0 x 10'°cm™2.

Figure 3 shows a SEM image of the Ni/Al,O3 core—shell
nanowire arrays and diameter distribution diagrams of the cores
and shells. The remarkable feature of this nanostructure is that
the shape of the inner Ni cores is columnar and that of the outer
Al,O; shell is a regular hexagon. Meanwhile, almost every
nanowire is parallel. The inset of Figure 3 clearly shows a
magnified SEM image of Ni/Al,O; core—shell nanowire. The
diameter of the inner Ni core and the outer Al,O3 shell were
about 52 and 130 nm, respectively. The diameters of Ni core and
Al,O5 shell are in accordance with the pore size and cell size
of the PAM, respectively. The whole shape of the Ni/Al,O3
core—shell nanowires is the same as the regular hexagonal cell
structure of the back of the PAM as shown in Figure 4. From the
Figures 3a and 3b, we know that the core—shell structure has
good uniformity in diameter. But we find that the height of
Ni/Al,O3 core—shell nanowires is slightly nonuniform and is not
the same as the thickness of porous layer of the PAM, which
would be caused by the nonuniformity of length of Ni nanowires

Table 1. Composition and operating parameters of AC electrodeposition
for Ni

Composition/operation parameters

Specification

NiSO4+6H,0/gL~! 60
H;BO;/gL™! 30
Ascorbic acid/gL™! 5

Voltage/V 10
Frequency/Hz 50
Time/min 90
pH 35
Temperature/°C 20
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Figure 2. SEM image of PAM anodized at 50 Vpc in 0.4mol L™
H,C,04.
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Figure 3. SEM image of Ni/Al,03; core-shell nanowire arrays (a.
diameter distribution diagram of Ni cores and b. diameter distribution
diagram of Al,Oj shells).

deposited via the AC electrodeposition as shown in Figure 1.
Such nonuniformity can be eliminated by increasing deposition
time appropriately during AC electrodeposition.

Figure 4 shows a two-dimensional honeycomb cell of the
back of the PAM. Apparently, each cell has a regular hexagonal
structure and the cell arrangement is highly ordered. In the
previous literature, some authors have proposed that the voids are
located at triple points between cell grains in the PAM.!* We
propose a probable formation mechanism of Ni/Al,O3 core—shell
nanowire arrays on the basis of previous theory, which may be
explained as follows: there are many voids in the cell boundaries;
the plane where voids locate is weak; the breaking spots of the
cells locate at this plane; the cells break down from the apex
where the stress concentration point is and which has higher
chemical activity, as shown in Figure 5. When ultrasonic treat-
ment is applied to the PAM, the tensile stress changes abruptly
and promotes microcrack initiation from the apex. Meanwhile,
microcracks propagate along the weak plane due to stress and
chemical etching by NaOH solution. As time passes, microcracks
can split the junctions between the voids and thus lead to the
interlaced cleavage of the cells. As a result, each cell will separate
from each other to form Ni/Al,0O3 core-shell nanowire.

In conclusion, ordered Ni/Al,O; core—shell nanowire arrays
were successfully fabricated in PAM using AC electrodeposition
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Figure 4. SEM image of the back of the PAM.
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Figure 5. Schematic diagram of porous alumina oxide layers consisting
of voids between two outer layers and apex point of microcrack initiation.

and chemical etching methods. This new structure material
obtained by the present process can be used for the preparation
of various types of magnetic storage and high-temperature
nanoelectronic devices.
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