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The samples of the nanostructured aluminum oxide films were obtained by anodic
oxidation method (thickness is near 100 um and d,,,,, = 4244 nm). Two-stage aluminum
oxidation was carried out in a two-electrode electrochemical cell at 0°C and the voltage
value of 40 V. Oxalic acid solution was used as an electrolyte. The optimal heat treatment
conditions, of the weak-luminescent films without destruction of the order structure have
been proposed.

OO0pasipl IJIEHOK HAHOCTPYKTYPUPOBAHHOTO oKcuia ajnioMuHud tojamunoit 100 MKM u
pasMepoM IIop dnop = 42+4 HM TOJyYeHBI IIPU MIOMOIIM MeToAa aHOAHOI'O OKucJIeHudA. [[Byx-
CTaIuiiHOe OKHCJIeHHe AJIOMUHUS IIPOBOAUIOCH B ABYXAJIEKTPOLHOU BIEKTPOXUMUYECKOI
aueiike npu 0°C u Hanpsxenuu 40 B, B KauecTBe 9JIeKTPOJINTA KCIOJH30BAH PACTBOD IaBe-
JIeBOM KUCJIOTHI. BLIOpPaHBI ONTUMAaJbHBIE YCJIOBUS TEPMOOOPAOOTKM AJIA HOJYYEeHUS OITHU-
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YeCKU IIPO3PAUHBIX 00pasIoB 6e3 HapPYIIeHUA BBICOKOYIOPALOUEHHOH CTPYKTYPHI.

1. Introduction

Nowadays, the obtaining of porous an-
odic aluminum oxide (AAO) from the vari-
ous electrolytes has attracted the increasing
of attention as a material for the develop-
ment of new nanoscale objects with unusual
and unique properties [1-3]. There are a
number of properties such as the pores
strict order at large surface areas, the nar-
row dispersion of the pores diameters and
intervals between them, the controlled pore
diameter, the ideal cylindrical shape and
the strictly parallel channels needed to cre-
ate new materials based on the nanosized
objects. A possibility of the highly ordered
composite materials obtaining like the carb-
on/AAQO, the polymer/AAO, the metal/AAO,
the semiconductor/AAO [4-9], together
with their optical properties [10-12], per-
mits to create some new optoelectronic de-
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vices. The anodic alumina films with a high
degree of surface ordering are also used as
two-dimensional photonic crystals [13], as
cathodes for organic light-emitting diodes
[14], humidity sensors [15,16].

In recent years, it has been developed
many technologies for creating ordered po-
rous layers of aluminium oxide, which are
based on creation of the periodic structure
on aluminum surface using different meth-
ods. Nanoimprint method [17], for example,
involves creation of a stamp on aluminum
surface with a matrix made on the silicon
carbide basis with the following anodizing.
Control of the periodic structure of alumi-
num oxide is then carried out by changing
the time pattern of the matrix. This method
allows creating the perfect ordered arrays
of pores. Some other technologies involve a
creation on aluminum surface of the artifi-
cial nanorelief with a scanning probe micro-
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Fig. 1. SEM images of the structure AAO (a) the first stage of anodic oxidation of aluminum;
(b) and (c) the second stage of anodic oxidation of aluminum; (d) barrier layer of AAO.

scope [18], which generates an array of the
nanoscale pits orderly arranged, followed by
anodic oxidation of the sample. However,
these methods are complex, precise and also
very continuous, that leads to high costs of
technology and to its low output.

The aim of this work is obtain highly-or-
dered films on the basis of AAO for later
use as a template for creating ordered com-
posites of fluorescent nanomaterials of vari-
ous compositions.

2. Experimental

Anodic aluminum oxide films were pre-
pared by two-step electrolytic oxidation, the
starting material was a high purity alumi-
num (99.999 %, the sheet thickness is
0.8 mm). The aluminum substrate were an-
nealed on air for 24 h at 550°C to relieve
tension in the metal and for increasing of
the metal microcrystals size to achieve a
better ordering of the structure. Then, the
substrates were subjected to chemical etch-
ing in an aqueous sodium hydroxide (NaOH,
40 wt. %) solution at 80°C for 5 min. Fur-
ther the chemical polishing of samples was
carried out at 100°C for 8 min, in the solu-
tion of 72 % H3PO, (p = 1.69 g/ml), 12 %
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H,SO, (p=1.84 g/ml), 8 % HNO; (p=
1.4 g/ml) and 8 % H,O (by volume). As a
result, we obtained the smooth surface sub-
strates, which were subjected to anodic oxi-
dation.

At the first stage aluminum electrolytic
oxidation was carried out in a two-electrode
electrochemical cell in electrolyte solution
of oxalic acid (COOH), with ¢ = 0.3 mol/I
under vigorous stirring, the electrolyte so-
lution temperature was 0°C, the voltage
value was 40 V. The aluminum anode-sub-
strate mounted in the bottom of the cell,
through which cooling was carried out
using Peltier element. The stainless steel
plate has been used as cathode.

After the first stage of anodizing during
48 h, the obtained oxide layer on aluminum
surface was selectively dissolved in dilute
solution phosphoric acid HzPO, (5 %) with
chromium oxide (VI) CrOjz (c =20 g/l) at
80°C. Aluminum substrates with an ordered
roughness were received, after that they
were subjected to repeated electrolytic oxi-
dation at the same conditions. The second
stage of anodizing held during 48 h too; a
thickness of the porous aluminum oxide

layer was approximately 100 um.
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The porous oxide films were separated
from the aluminum substrates by their se-
lective dissolution in 10 % methanol solu-
tion of bromine (Bry) at 50°C. Then the
films were washed with methanol and dried
in air at room temperature. After that the
samples were heat treated in the tempera-
ture range 350-950°C.

The structure of the samples was studied
using a scanning electron microscope JSM-
6390LV (SEM).

Luminescence spectra were recorded using
spectrofluorimeter on the base of a grating
monochromator MDR-23. Luminescence was

excited by a He—Cd laser (A = 325 nm).

3. Discussion

AAO samples investigation using SEM
shows that the first stage of anodic oxida-
tion leads to formation on the aluminum
surface of irregularly arranged pores of dif-
ferent diameters (Fig. la). This fact illus-
trates the necessity of the repeated anodic
oxidation of the sample with the prior re-
moval of aluminum oxide layer, which was
received at the first stage.

The AAO samples, which were obtained
in the two-step aluminum anodizing, reveal
an ordered porous structure with a perpen-
dicular arrangement of pores channels rela-
tive to the sample surface. The structure of
anodic films consists of domains (regions
with strictly hexagonal arrangement of
channels) with size of 5-10 pum, which is
disoriented relative to each other (Fig. 1b).
Mathematical treatment of the obtained by
SEM data shows that the average pore di-
ameter is 42+4 nm and the distance between

their centers is 83+2 nm (Fig. 1lc).

After the separation of AAO film from
the aluminum substrate, the backside pores
are closed by the barrier layer [10]. Reverse
side of this film has hexagonally arranged
hemispheres that formed from the barrier
layer; the hemisphere center coincides with
the channel pore center. According to the
SEM data and further mathematical calcula-
tions, the average distance between the
hemispheres is 83+2 nm (Fig. 1d).

In the luminescence spectrum of the
unannealed AAQO film sample demonstrates
the broad band (%,,, = 460 nm) belonging
to lattice defects [19] (Fig. 2, curve 1). To
remove these defects the films were an-
nealed at different temperatures, which do
not break the ordered structure of the
films, for 3 h. It was found that the opti-
mal annealing treatment is exposure of the
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Fig. 2. Luminescence spectra of AAO films
(Agye = 325 nm) at different annealing treat-

ment during 3 hours: I — untreated film,
2 — 350°C, 3 — 550°C, 4 — 950°. T = 298 K.

sample for 8 h at T = 950°C resulting in a
significant decrease of the defects lumines-
cence intensity without disturbing the mate-
rial structure (Fig. 2).

4. Conclusions

In this work highly-ordered weak-lumi-
nescent porous anodic aluminum oxide films
has been obtained. The thickness of the
films is near 100 pum, the pore diameter is
4244 nm and the average distance between
their centers is 8342 nm. Such films can be
used as templates for creation of highly-or-
dered nanostructured composite materials
of various composition and linear size.
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BuCOKOBIOPAAKOBAHI HAHOMOPHUCTI ILIIBKHU
AHOJTHOTO OKMCY AJIOMiHiIO

A.B.Boaowxo, B.B./[aninina, II.B.Mametuuenro, I.I.Becnanosa

3pasKu MJIiBOK HAHOCTPYKTYPOBAHOTO OKUCY ajioMiHifo ToBmmHOIO 100 MKM Ta posmipom

nop dnop

= 42+4 HM OTPUMAHO 3a AOIIOMOIOI0 METOAy AaHOTHOTO OKUCHeHH:A. [[Bocramiiine

OKMCHEHHs aJIOMiHiI0 IIpoBoamiaocsa y ABoeneKTpoaHii xomipui mpu 0°C npu zHampysi 40 B,
y AKOCTi eJIeKTPOJIiTy BHKOPHCTAHO PO3UYMH IasiaeBoi Kucaoru. OOpaHo OnTHUMAJABHI yMOBHU
TepMOOOPOOKH [IJIs OHepP:KAaHHS HEeJIOMiHEeCIeHTHHX IIJIiBOK 0e3 IOPYIIEeHHS BHCOKOBIIODS-

KOBaHOI CTPYKTYPH.
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