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Abstract. Porous anodic alumina templates were fabricated using a two-step anodization in
oxalic and phosphoric acid solutions. Dielectric studies were carried out for ferroelectric
sodium nitrite embedded into porous alumina. Phase transition temperature in sodium nitrite
within porous alumina is shifted compared to the bulk ferroelectric Curie point. The sign of
this shift depends on the experimental conditions of sample preparation.

1. Introduction

Anodic aluminium oxide films formed by the electrochemical oxidation of aluminium have been
widely studied to protect and decorate the surface of aluminium and to make inorganic membranes. In
recent years, nanoporous anodic aluminium oxide with relatively regular pores, narrow distributions of
pore sizes and interpore spacings has become a popular template system for the synthesis of various
nanostructures. This trend originated from the discovery of Masuda and Fukuda a novel process so-
called two-step anodization in 1995 [1]. They reported that the pore regularity can be improved by a
long anodization time under appropriate conditions, known as *self-ordering regimes . Hexagonally
arranged arrays with circular pores can be obtained under these regimes.

Porous alumina templates have advantages as a basis for nano-patterning. These are the
fundamental nanometer scale of the pores, the control of their size over large areas achievable by
varying the anodizing parameters, their high aspect ratio and highly regular structure of the pore
arrays.

The arrangement and size of alumina pores are controlled by the applied voltage, temperature, type
and concentration of the eectrolyte. In this paper dielectric properties of NaNO , within porous
alumina fabricated under different anodizing parameters were studied.

2. Experimental

Porous alumina was fabricated by the electrochemical method. Two-step anodization was used.
Experimental setup was designed according to diagram described in [2]. It is shown in figure 1. The
electrochemical cell consisted of two-electrode system, the lead electrode acting as the cathode and Al
sheet acting as the anode. The Al sheet was inserted between the electrolyte container and heat-
conducting substrate. During anodization, the surface of aluminium heated up, leading to a
requirement for a cooling system. Cooling system was based on Peltier element. The temperature was
measured by semiconductor temperature sensor with digital interface. Temperature sensor was
integrated into the heat-conducting substrate and allowed to measure temperature with the accuracy of
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0.5 © C. Temperature regulation was carried out with the help of microprocessor control system. The
microprocessor control system was based on the microcontroller Atmegal6é from Atmel. The
microcontroller measured the temperature in the reaction zone and maintained the set temperature by
varying the supply voltage of Peltier element. In this system PID regulation algorithm was used.

The anodized sample was cleaned and inserted into 40% solution of sodium nitrite for several days.
Then the sample was wiped with moist cloth and dried.

AFM-images were obtained by the scanning probe microscope Nanoeducator from NT-MDT.
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1 —lead electrode, 2- electrolyte container, 3- aluminium
sheet, 4 — temperature sensor, 5- microprocessor control
system, 6- cooling radiator, 7- heat-conducting substrate, Second anodization

8- Peltier element.

Figure 1 Experimental setup Figure 2 Two- step anodization

Figure 2 illustrates the procedure of fabricating alumina templates using two-step anodization.
The first anodization was carried out at a constant voltage of 40 V in 0.3 M oxalic acid at 8 © C or

at a constant voltage of 160 V in 0.1 M phosphoric acid at 3 © C for about 10 hours.

In the first anodization step pores initiate at almost random positions and order thereafter by self-
adjusting during the anodizing process of long duration, pore arrangements on the surface are
disordered and have a broad size distribution. Ordered pore domains can only be obtained at the
bottom of the layers. So, the pores produced in the first anodization step are not parallel to one
another. To fabricate ordered nanopore arrays, the first porous oxide film, which contains the barrier
layer at the bottom, is selectively dissolved in mixture 20 g/l CrO s and 35 ml/IH 3 PO, at 80° C.
The barrier layer is not flat but consists of periodically arranged crests and troughs. These fluctuations
result in a dimpled and undulating surface that has the same spatial ordering as the barrier layer. After
the removal of the porous film, the periodic concave patterns that remain, as shown schematically in
figure 2, act as a self-assembled template for the second anodization process. In the second
anodization step the same parameters are used as in the first anodization step.

AFM-image of the aluminium surface after removal of the porous oxide is shown in figure 3.
AFM-image of the porous alumina after the second anodization step is shown in figure 4. The average
pore size is about 200 nm.
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Figure 3 AFM-image of the aluminium surface  Figure 4 AFM-image of the porous alumina after the

after removal of the porous oxide second anodization step
(160 V, 0.1 M phosphoric acid, 3° C) (160 'V, 0.1 M phosphoric acid, 3 © C)
3. Results

Dielectric measurements of the filled porous alumina were carried out at the frequency of 1 kHz by an
E7-13 impedance meter. The temperature dependences of sample capacity C(T) and sample
conductivity G(T) were measured upon continuous warming with a heating rate of 1 to 2 degrees per
minute. Silver (sputtered on the surface of the porous alumina with ATC ORION SERIES
SPUTTERING SY STEM) or graphite were used as electrode materials.

The temperature dependences of capacity C(T) and conductivity G(T) of two samples under study
are shown in figures 5 and 6. According to our preliminary results curves C(T) and G(T) have
peculiarities at the temperatures near 425 K and 450 K.

Thus phase transition temperature in sodium nitrite within porous alumina is shifted compared to
the bulk ferroelectric Curie point(437K) [3, 4].
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Figure 5 Temperature dependences of sample
capacity (1) and sample conductivity (2).
Conditions of sample preparation: 160V, 0.1 M

Figure 6 Temperature dependence of sample
capacity. Conditions of sample preparation: 40 V,

L o 0.3 M oxalicacid, 8° C.
phosphoric acid, 3~ C.

4. Conclusion
Porous aluminawas fabricated by the electrochemical method using two-step anodization.

Our dielectric studies of NaNO , embedded into porous alumina showed that the phase transition

temperature can be higher or lower than Curie point in bulk NaNO , depending on the experimental
conditions of sample preparation.

These results are in accordance with modern theoretical models based not only on the
phenomenological approach to the size effect on phase transitions in ferroelectric particles [5], but also
taking into account an influence of pore walls on ferroel ectric properties of nanoparticles [6] aswell as
long-wave dispersion interactions [7].
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