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Abstract-- A new approach has been developed to produce AlN
layer from nanoporous alumina template by direct nitridation of
anodic aluminum oxide (AAO) at a low temperature of 450 oC.
The AAO template was fabricated in a phosphoric acid
electrolyte with a controlled voltage of 50 V at room temperature
to produce nano pore sizes of about 75 nm. The SEM shows the
surface morphology of the template with the random distribution
of the ordered nano pores. While the XRD results show the
presence of AlN during the nitridation reaction with the porous
alumina surface layer and aluminum base. This process is highly
economical and allows the incorporation of a porous oxide
surface and an aluminum nitride base.

Index Term-- AlN; Anodization; Electrolyte; Heat treatment;
Nanoporous; Nitridation.

1. INTRODUCTION
There has been a lot of attention on nanostructured materials
that could find use in a wide range of areas that includes
electronics, dielectrics, and photonics [1-3]. Aluminum nitride
because of its unique physical and chemical properties that
includes low dielectric constant, high thermal conductivity,
good wear resistance and wide band gap of 6.2 eV at room
temperature have further generated the research interest on its
potential application [4-8].
AlN films have been synthesize through chemical vapor
deposition, magnetron sputtering, and direct nitridation [9-13].
The sputtering technique which is an expensive process with a
low deposition rate can be replaced with the use of a porous
template which is less expensive and allows the synthesis of
any compounds or material on its surface.
This present study shows a new approach in the nitridation of
a nanoporous aluminum template. The sole aim of this method
is to be able to incorporate aluminum nitride base and a
porous alumina surface due to the interesting properties and
vast applications both could find use for. The nanoporous
alumina template was fabricated under a well-controlled
electrochemical cell condition at room temperature to allow
the formation of randomely formed pores on its surface. The
template was further subjected to heat treatment and the flow

of nitrogen gas in a controlled environment to allow the
formation of aluminum nitride.
2. EXPERIMENTAL
2.1 Preparation of the Aluminum Foil
Aluminum template with a fixed dimension of 30 mm X 10
mm and thickness of 0.25 mm were cut from the aluminum
sheet. The chemical composition of the received raw material
was characterized with XRF (GNR OPTICA-QUALITA X)
using 2.7 cm cut dimension and the composition shown in
Table 1. The templates were cleaned with acetone in Dentec
ultrasonic cleaner to remove any possible oil or sticky stains
on its surface [14,15]. The electrochemical polishing of the
aluminum templates were performed in a 1:4 volume mixture
of HClO4 and C2H5OH at constant current density of 300
mAcm−2 for few seconds at a low temperature [16]. The
templates were then rinsed with distilled water and dried with
an air gun. The electrolyte used for the anodization process is
phosphoric acid which is suitable for room temperature
fabrication of nanoporous alumina. The electrolye
concentration used is 1.5 M (H3PO4) aqueous solution and the
applied potential for the anodization process is 50 V to
produce medium size nano pores [17].
The prepared templates were anodized in a single-walled
electrochemical cell using platinum electrode as the cathode
electrode and the aluminum templates as the anode electrode.
The distance between the two electrodes was kept at 2.5 cm to
enable fast and easy movement of the ions.
For the direct nitridation process, the fabricated nanoporous
aluminum template is placed in a flat rectangular ceramic
plate of 60 mm X 15 mm and put in a tube furnace heated to a
temperature of 450 oC with a constant heating rate of 3 oC/min
and soaking time of up to 5 hrs. During the heating process,
nitrogen was passed into the furnace at a flow rate of 0.6 l/min
and allowed to cool to below 150 oC overnight [18,19].
The characterization was performed by the X- ray
diffractometer to obtain the X-ray diffraction patterns of the
samples; and for the surface morphology a scanning electron
microscope (SEM).
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Table I
Chemical composition of raw material

Elements
Aluminum

(Al)

Sample composition
(wt %)
99.34

Phosphorus

(P)

0.006

Potassium

(K)

0.020

Calcium

(Ca)

0.013

Titanium

(Ti)

0.010

Vanadium

(V)

0.011

Chromium

(Cr)

0.0053

Manganese

(Mn)

0.0455

Iron

(Fe)

0.357

Copper

(Cu)

0.110

Zinc

(Zn)

0.0053

Gallium

(Ga)

0.0088

Ruthenium

(Ru)

0.047

Rhenium

(Re)

0.0092

Osmium

(Os)

0.0066

Iridium

(Ir)

0.0093

3. RESULTS AND DISCUSSION
Figure 1 shows the FE-SEM of nanoporous alumina fabricated
at room temperature in 1.5 M phosphoric acid electrolyte. The
pores were observed to be randomely distributed on the
surface of the template. The current generated during the
anodization from a 50 V potential was between 70 – 100 mA
to produce an average pore size of 75 nm. The size of the
pores produced is comparable to what others have reported

using low freezing temperature. There have also been a report
that confirms the relationship between the applied voltage,
time and the sizes of pores to be linear, and the higher the
voltage the wider the pore size [16] until an optimum
anodizing time is reached when no further increase in pore
sizes is possible [20]. At a higher voltage the reaction
proceeds at a much faster rate and the penetration of the
barrier layer by H+ ions becomes faster.
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Fig. 1. FE-SEM micrographs of anodized aluminum for 1 hour at 50 V in 1.5 M phosphoric acid electrolyte

The nitridation process involving the use of the anodic
aluminum oxide (AAO) template is illustrated in Figure 2. The
aluminum template was anodized to produce a porous surface
that was subjected to further heat treatment and the direct flow
of nitrogen gas into the tube furnace for the N2 gas to react

with the aluminum base thereby producing AlN. The heating
environment was controlled to reduce the effect of oxygen and
to allow the reaction between the aluminium base and the gas
supplied into the tube furnace [21].

Fig. 2. Anodization and nitridation process (a) aluminium template with 0.25 mm thickness; (b) initial anodization process to produce the AAO barrier layer; (c)
prolong anodization leads to pore formation; (d) direct nitridation process with nitrogen gas flow at 450 oC; (e) formation of aluminium nitride layer below the
porous oxide surface.

Figure 3 shows the X-ray diffraction patterns of unanodized
aluminum template. The patterns from the XRD shows the
FCC structure of the aluminum foil with peaks at 39 o and 45o
on the 2θ scale corresponding to diffractions from (111) and
(200) planes with low intensities (ICDD 004-0787). While
high intensity peaks are observed at 65o and 78o on the 2θ
scale corresponding to diffractions of (220) and (311) planes
(ICDD 004-0787). The XRD of direct nitridation of pure
aluminium and nanoporous alumina template are shown
Figures 4 and 5. For comparism purposes it is observed that

both produces AlN phase with a sharp peak, while the AlN
phase from the AAO template had a slightly broader peak, this
is probably due to the high reactivity of the nano template
used despite the low heat treatment temperature employed.
The AlN phase was observed at plane (002) for both Figures 4
and 5, the single peak observed could be as a result of the low
temperature used and at a shorter time. The low heat treatment
temperature used was restricted by the thickness of the pure
aluminium template increasing the temperature further leads
to melting of the template.
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Fig. 3. Raw aluminum template

Fig. 4. XRD of pure aluminum with direct nitridation with N2 gas at 450 oC
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Fig. 5. XRD of nanoporous alumina template with direct nitridation with N2 gas at 450 oC.
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