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Abstract: The pure aluminum and AFM g Mn alloy were anodized in 4%, 10% and 18.5% phosphoric acid solution,
respectively. As for pure Al, the maximum thickness of anodized aluminum oxide (AAO) membrane, 216 nm, is ob

tained by being anodized in 4% solution. Iis average pore diameter is around 70 nm, and pore density exceeds 10"/ cm®.

Under the same technology condition, the membrane thickness decreases with increment of electrolyte content. TEM im-

ages show that element Mg or Mn added into aluminum alloy can damage the integration of AAO membrane. During an-

odizing of aluminum, the formed oxide layer is amorphous. After being annealed at 600 C for 24 h, it is still amorphous.

However, when membrane is annealed at 930 C, the amorphous oxide begins to transform to ¥ AL Oj3.
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1 INTRODUCTION

Porous anodic film on aluminum is commonly
formed by anodic oxidation of the aluminum substrate
in acidic electrolytes, e. g. sulfuric, phosphoric, and
oxalic acid solutions. The film is applied for various
purposes, including the enhancement of the corrosion
or abrasion resistance of the aluminum substrate, or
as the pretreatment for subsequent processing such as
painting or bonding! . Recently, anodized aluminum
oxide (AAO) membrane is also employed in several
new areas, for example, precise filter”!, gas sen-

sor | opticatelectronics devices!*™®

.. 7715
synthesizing nanostructure' !,

, templates for

Especially, assembly ordered nanostructures
show many unique physic and chemical properties ,
e. g. macro-quantum tunnel effect, quantum size ef-
fect, Coulomb blockade effect, and so on''®. These
effects have opened up numerous possibilities for de-
veloping new electronic or optical devices. In general,

ordered nanostructure can be fabricated with many

technologies, e. g. electron/ion beam litho-
[17, 18] [ 19723] .

graph ,  self~assembly ,  underpotential

electrodeposition' **! and template assistant synthe-

. [7715 . . .
sis'!” 1. Template synthesis is more economical than

other methods and suitable for preparing scaled-up
materials. Many templates were used for this aim,
and some of them have well arranged periodic or

quasr periodic structure, for example, porous AAO

membrane! " ", 1124

atom face in single crysta
macromolecule self-organized film'*! and so on.
There is a nano-sized pore array arranged qust
periodically in AAO membrane. The diameter, cen-
ter-to-center spacing between the pores and length of
the pores can be easily controlled by varying the elec

AAO membranes

have been used extensively for synthesizing ordered
5]

trochemical parameters .  So,
nanometer materials'’ . In order to fit for various
synthesizing conditions and usage purpose, the thick-
ness and the phase constituent of AAO membrane,
and the integration of the pore array are important
properties. In this study, the dependence of mem-
brane thickness on technology, influence of aluminum
purity on integration of the pore array and heat-treat-
ment on
studied.

phase constituent of membrane are

2 EXPERIMENTAL

The starting materials, 99. 999% pure Al foil
and LF, aluminum alloy (AFMg-Mn alloy, Mg
2.5%, Mn 0.2%), were degreased in acetone, then
electropolished in perchloric acid + ethanol solution
( 20 mL perchloric acid+ 80 mL ethanol) at 25 C
under a voltage of 20 V for 10 min. The foils were
then DC anodized in acidic solutions to form a layer of
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porous alumina. In this study, all the samples were
anodized in phosphoric acid solution under a constant
voltage of 40 V, using a lead cathode. The anodized
aluminum foil was immersed into saturated HgCl, so-
lution. Hg** ions were reduced to mercury by alu-
minum. At the same time, AAO membrane was sep-
arated gradually from foil with aluminum solving into
mercury. Some membranes were annealed at elevated
temperature in air.

The microstructure of membrane was investigat-
ed with transmission electron microscope ( TEM )
( Philips EM420) . The crystal structure of membrane
was checked by X-ray diffractometry ( Rigaku D/
MAX-2000). The thickness of AAO membrane was
measured on the basis of interference principle with
JCD3 optical microscopy with light wavelength of
589.3 nm.

3 RESULTS AND DISCUSSION

Fig. 1 shows the dependence of membrane thickness
on the content of phosphoric acid solution and anodizing
time for pure aluminum. In 4% solution, the thickness
increases with anodizing time and reaches maximum of
216 nm at 25 min, and it doesn t change between 25 and
35 min, then decreases with prolonging the period of an-
odizing. In other two solutions, the variation of mem-
brane thickness is similar to that in 4% solution, except
for the moment of reaching maximum of thickness and
beginning to become thinning. The maximums of thick-
ness are 146 nm and 105 nm respectively for 10% and
18. 5% solution. The lower acid content is beneficial to
gaining thicker membrane.
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Fig. 1 Correlation of membrane thickness
with content of electrolyte and anodizing time

During anodizing, there are two reactions occur-
ring in the same time. On the one hand, aluminum is
oxidized by electrochemistry reactions *® :

Al- 3¢ 7 AP (1)

24P + 307 7 ALO; (2)

These reactions bring about increment of membrane
thickness. On the other hand, aluminum oxide can
react with phosphoric acid:

ALOs+ 2H3PO,~ 2A1PO4+ 3H,0 (3)
It can cause alumina layer on the Al foil to be solved,
resulting in thinning of membrane.

At the original stage, e.g. before the first 10 min in
Fig. 1, aluminum oxidization is dominant process. When
the speed of Al is equal to that of alumina solving, the
thickness keeps unchangeable, e. g. the thickness of alumi-
na keeps unchangeable from 22 min to 37 min in 4% phos-
phoric acid solution. However, the anodization is a exother-
mal process, and it will cause temperature rising in the
vicinity of Al anode. This can accelerate severely reaction
(3)121,

with thickness increment of alumina layer on foil. Thus,

In addition, the resistance of Al anode will rise

exothermal process can become acute much more. So, the
speed of alumina solving increases greatly. This brings
about the decrease in the thickness of membrane when the
period of anodizaition has been prolonged. In addition, the
higher the acid content, the more alumina solves quickly.
Fig. 2 shows the microstructures of AAO mem-
brane. Nanopores distribute evenly in the menr
brane with avera
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ge pore diameter around 70 nm,
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Fig.2 TEM images of AAO membrane stripped
from pure Al foil
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average center-to-center distance betw een pores about
125 nm, and pore density exceeding 10"/ cm?.

Fig. 3 shows TEM images of membrane stripped
from AFMg-Mn alloy foil anodized in the same condi-
tion with pure aluminum. The integration of mem-
brane is damaged by adding alloying elements, Mg
and Mn. They bring about the uneven distribution of
the pores, even forming large black stain or distinct
defect in the membrane. The black stain may corre-
late with solubility of magnesium oxide and man-
ganese oxide in phosphoric acid solution. But the real
cause needs to be investigated further. It can be seen
that the purity of aluminum foil is an important pa-

rameter to the quality of membrane.
: R

Fig.3 TEM images of anodic membrane
separated from AFMg-Mn alloy foil

In order to seek the method improving the crys-
tal structure of membrane, some samples obtained by
anodizing pure aluminum were annealed at 600 C for
24 h and others at 930 C for 3 h in air. Their X-ray
diffraction patterns are showed in Fig. 4 and Fig. 5
respectively.

By comparing Fig. 4 with Fig. 5, it can be seen
that the membrane is amorphous still after being an-
nealed at 600 C for 24 h. But, when the sample was
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Fig. 4 X-ray diffraction pattern of AAO

membrane annealed at 600 C for 24 h in air
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Fig. 5 X-ray diffraction pattern of AAO

membrane annealed at 930 C for 3 h in air

annealed at 930 C for 3 h, there is an apparent peak
(P) at diffractive angle of 20= 67.122° in X-ray
diffraction pattern. At the vicinity of this angle,
there is an opportunity of occurring a diffractive peak
of x-ALO03;, ¥ALO3; or Y-ALO3. After comparing
carefully diffractive peak with standard powder
diffraction cards, it is found that the standard diffrac
tive peak of ¥Al,O3 approach very much the result of
this study ( standard diffraction card number
PDF# 107~ 0425). So, the diffraction peak in Fig. 5
belongs to ¥-Al,O3. However, the peak is broad and
weaker. It indicates that the annealing parameters are
not the optimum.

4 CONCLUSIONS

1) When the pure Al foil is anodized in phospho-
ric acid solution, the thickness of anodic alumina de-
creases with increasing electrolyte content. For the
certain phosphoric acid solution, there is an optimum
time to gain the maximum of membrane thickness. In
this study, the reached maximum of membrane thick-
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ness is about 216 nm after having anodized pure alu-
minum for 25 min under a constant voltage of 40 V in
4% phosphoric acid solution.

2) The purity of aluminum is an important pa

The

membrane with welkdistributed nanometer pores can

rameter for the quality of AAO membrane.

be obtained through anodizing high pure aluminum.
The average pore diameter is about 70 nm, and the

pore density exceeds 10"/ cm®.

However, there are
many defects in the membrane from anodizing AFMg-
Mn alloy. Alloying elements can bring about large
black stains or defects and damage the integration of
membrane.

3) The obtained AAO membrane by anodizing is
amorphous. After being annealed at 600 C for 24 h,
it is still amorphous. It begins to transform to ¥

Al,O3 when membrane is annealed at 930 C.
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