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Abstract. In the manufacture of the porous anodic aluminum oxide (PAAO) matrix, its
quality and structural perfection primarily depend on both the grade of the aluminum alloy of
the substrate and the quality of the surface. For the manufacture of PAAO, aluminum foil of
high-purity aluminum with a content of 99.999% is mainly used. The technological scheme
for obtaining highly organized porous aluminum oxide includes preliminary preparation of the
foil surface of A9 alloy with an aluminum content of 99.91% by electrolytic plasma and elec-
trochemical polishing methods in this work. Processing made it possible to obtain a surface
with roughness parameters R, = 0.008—0.038 microns. PAAO samples were obtained by double
electrochemical anodizing of the prepared foil in 0.5 M oxalic acid, at a voltage of 60 V and a
temperature of 25 °C and examined by scanning electron microscopy.
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AnHoTanusa. [1py M3roTOBJIEHUM MATPUIILI U3 MMOPUCTOTO AHOAHO-OKCHIHOTO aJTIOMWHUS
(ITAAO) ee KauecTBO M CTPYKTYpPHOE COBEPIIEHCTBO B MEPBYIO OUYEePEIb 3aBUCST OT KauecTBa
noBepxHoCTHU. [s monyyeHust BbicokoopranuzoBaHHoro [TAAO B naHHo# paboTe mpoBeneHa
MpeaBapuTe/bHasl TMOATOTOBKA TOBepXHOCTH OJbrM U3 criaBa A9 ¢ coiaepaHUeM
amoMuuust 99,91 % MeTrogaMM  3JIEKTPOJIMTHO-IIA3MEHHOM U 3JEKTPOXMMMYECKOM
noJaupoBKu. OO6paboTKa MO3BOJIMIIA MOJYYUTh MOBEPXHOCTh C MapaMeTpaMu LIEPOXOBATOCTU
R, =0,008—0,038 mxm. O6pasubl ITAAO mojaydeHbl IBYXCTAAMHHBIM 3JEKTPOXUMUYECKUM
AHOIMPOBAaHUEM MOATOTOBIIEHHOU posbru B 0,5 M 11aBesieBoit KUCIOTH TIpu HanpsikeHun 60 B
u temnepatype 25 °C 1 uccieqoBaHbl METOIOM CKaHUPYIOLIEH 2JIEKTPOHHON MUKPOCKOTINH.

Knouesbie ciioBa: AIIOMUHUMA, HaHOITIOPbI, SJICKTPOJUTHUYCCKAA IJIazMa, JCKTPOITOJINPOBKaA
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Introduction

In the last decade, there has been a revived of interest in the fabrication of a porous alumina
anode layer (PAAQO). The unique properties of PAAO membranes make this material a template
for various nanotechnology applications. [1—4]. In this work, we used foils with an aluminum
content of 99.91% and a thickness of 500 um. Due to the imperfection of the original foil surface,
it is necessary to pre-treat the surface of the foil, by electrolytic-plasma and electrochemical
polishing methods.

Materials and Methods

The roughness of the foil samples was measured using a Talystep mechanical profilometer
(Taylor Hobson). To assess the surface roughness, the parameter of the height of the profile
irregularities was used according to the average of the absolute values of the profile deviations.

1 n
R, =—2.lyi )
i=1

where y, are profile deviations from the baseline.

In this work, for electrolytic-plasma technology, the Al is the anode, and stainless steel is the
cathode. 4% KCl + 2% C,H,0, was used as electrolyte. The method of electrochemical polishing
was also used with H,PO, + C,H,O + H,O, H,PO, + H,SO, + H,O, in H,PO, + CrO, + H,0O as
electrolytes. Aluminum is the anode, the cathode is a platinum wire.

Results and Discussion

The quality of the fabricated PAAO matrix and its structural perfection primarily depend both
on the grade of the aluminum alloy of the substrate and on the quality of the surface. Surface was
polished by electrolyte-plasma and electrochemical polishing methods. If a voltage of more than
200 V is applied to the cathode and anode electrodes located in an aqueous electrolyte solution,
then the current density quickly reaches 30 A/cm?, which causes instantaneous evaporation of
water, the formation of a vapor-gas shell and the formation of a plasma discharge. High-quality
polishing of aluminum and its alloys can be achieved in an electrolyte heated to 70-85°C at
a voltage > 250 V [5]. The most widely used method of electrochemical methods of material
processing is electro polishing, which combines high-quality polishing with obtaining a shiny
surface. In this work, aluminum was polished while maintaining a current density of 25 A/dm? for
5,10, 15, 20 minutes in H,PO, + CH,O + H,0, H,PO, + H,SO, + H,0, in H,PO, + CrO, + H,O.
All data was shown in Table.

Table
Roughness data for electrolyte-plasma and electrochemical technologies
N R, um Sample
1 0.67 original foil
2 0.016 foil polished in H,PO, + H SO, + H,O
3 0.012 foil polished in electrolytic plasma in 4% KCI + 2% C,H,0O,
4 0.008 foil polished in H,PO, + C.H,O + H,O
5 0.038 foil polished in H,PO, + CrO, + H,O
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The method of electrolytic-plasma polishing is slightly inferior to the method of electrochemical
polishing in the quality of the surface obtained, but the processing time is significantly lower. The
durations of the processes are from 30 to 120 seconds and from 5 to 20 minutes for electrolytic-
plasma and for electrochemical technologies, respectively. The method used for electrochemical
anodizing of the prepared foil is a classic version of two-stage anodizing in 0,5 M oxalic acid, at a
voltage of 60 V and a temperature of 25 °C [6]. In order to control the effect of preprocessing on
the quality of the obtained matrices, we examined PAAO chips by scanning electron microscopy.
Initially, the quality of the Al substrate, its surface structure and/or any surface pre-treatments
will have a significant effect on the morphology formed on the surface of the substrate during the
anodizing process. Surface treatments prior to anodizing can have a significant effect on the self-
ordering of pore structures formed on the substrate surface during anodizing. This is because the
pore nucleation mechanism is a combination of both random nucleation and nucleation caused
by exposure to surface defects such as scratches, pits, impurities, and grain boundaries. Fig. 1, a
shows areas with different directions of net growth. The polishing process eliminates surface
defects and minimizes the possibility of pores crossing as it was shown in Fig. 1, b.

Fig. 1. SEM image of PAAO without pre-polishing («) and with pretreatment (b)

Fig. 2, a shows the SEM image of the PAAO matrix without pretreatment. There are the
peaks of irregularities around which the ordering of the pores is disturbed. After processing,
surface defects are small and have little effect on pore formation. The pore diameter distributions
maximums are at 95 nm and 80 nm, for an unpolished and a polished substrate, respectively.

b)eci0a® s,

..|I\I||;-=-":=.--':i.‘.-“f

70 75 80 85 90 95 100 105 110 115 120 ‘ ‘. ® ‘..

1‘3,‘ b o

29756679,

oo

(A4 o
-

o
adge
L

‘e
LX)

>
o® e0g
99
a0
&

Fig. 2. SEM i 1mage of PAAO w1thout pre pohshlng (a@) and Wlth pretreatment (b) and pores distribution

Conclusion

A technological scheme for obtaining highly organized porous aluminum oxide has been
developed, including preliminary preparation of the surface of aluminum foil using a method of
submerged plasma glow discharge under the surface of the electrolyte, as well as an electrochemical
method. PAAO samples were obtained by double electrochemical anodizing of the prepared
material in 0.5 M oxalic acid, at a voltage of 60 V and a temperature of 25 °C and were investigated
by scanning electron microscopy.
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