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Abstract: In this study, we report the fabrication of nano porous aluminum oxide
film for the first time, in alkaline sodium phosphate electrolyte at ambient
temperature using a single step anodization approach. A novel method has been
developed to prepare the electrolyte, by simply titrating the phosphoric acid with
a base for preparation of new types of Anodized Aluminum Oxide (AAO) at pH 13.
The anodization process was controlled by a de voltage of 20 V applied across the
electrochemical cell. Using this method, we have been able to obtamn nano porous
aluminum oxide with pore diameters between 50-100 nm. Apart from the influence
of the current density, traces of sodium and phosphorus present in the porous
alumina also makes a significant contribution to the formation of nano pores.

Key words: Anodization, electrolyte, microstructure, nano porous materials, -ray
diffraction

INTRODUCTION

In the past decade, there has been a particular focus on the fabrication of porous
aluminum oxide film, because of its unique physical and chemical properties (Heilmann et af.,
1999). Generally, it 1s well known that a carefully controlled anodization of aluminum mn an
acidic electrolyte produces a thin film of dense aluminum oxide underlying an ordered array
of smaller sized nanopores (Belwalkar et al., 2008). In basic media, a barrier-type,
corrosion-resistant, oxide film is produced (Christof et al., 2001). The nano pores produced
from acid electrolytes, are used in magnetic storage devices, catalytic membranes and
photonic crystals ete. (Singh et al., 2005). The film from the alkaline electrolytes, are used as
dielectric (for electrolytic capacitors) or insulating films (Christof et al., 2001).

Many researchers have reported fabrication of nano porous aluminum oxide from oxalic
acid (Hou et al., 2002; L1 and Huang, 2007, Su ef al., 2008), sulfuric acid (Belwalkar ef af.,
2008; Sulka et al., 2002; De Azevedo et al., 2004; Sulka and Parkota, 2007; Kang et al., 2007)
phosphoric acid (Chu ef al., 2003, Wang ef al., 2008) and mixed acids (Sachiko et al., 2005,
Yufei et al., 2006). The use of alkaline electrolyte has been reported (Vergara ef al., 2007).
Vergara et al. (2007) used 0.13 M borax electrolyte at 60 V to produce 240 nm porous anodic
alumina at a temperature of 333 K with pH 9. The cross sectional view of the TEM results
displayed makes 1t very difficult to confirm the nano pores formed.

In this study, we report a simple method to prepare alkaline electrolyte to fabricate nano
porous alumimum oxide at ambient temperature, for the first time to the best of our knowledge.
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Fig. 1: Electrochemical cell used for anodization of alumimum

A schematic representation of the setup is shown in Fig. 1. We examine the effect of the
alkaline electrolyte on the nano porous alumimum oxide formed.

MATERIALS AND METHODS

The high purity alumimum foil (Al 99.3%, thickness 0.3 mm) 1s purged by acetone in
ultrasonic cleaner to clean out possible grease on its surface (Zhu et al., 2005). Then, the
sample 18 electropolished in 1:4 volume mixtures of HCIO, and C,;H,OH at constant current
density of 500 mA cm™ for 1 min at 10°C (Grzegorz and Wojciech, 2009). The alkaline
electrolyte was prepared by titrating 20% phosphoric acid with 2.5 M sodium hydroxide until
it attains a pH of 13. The electrochemical bath for the anodization process consists of
platimum electrode as the cathode electrode and aluminum foil as the anode electrode. The
prepared aluminum foil, after having been rinsed with de-ionized water was anodized for 2h
under a de voltage of 20 V m sodium phosphate electrolyte at ambient temperature.

Characterization of the nano pores were performed by scanning electron microscope
(Model Supra 35VP), X-ray energy dispersive spectroscopy (EDX), X-ray diffraction patterns
(Bruker D8 Advance X-ray diffractometer with Cu target) and current density-time response
graph.

RESULTS AND DISCUSSION

Figure 2 shows SEM micrograph of the surface view of porous aluminum oxide after
anodization at 20 V in sodium phosphate electrolyte at ambient temperature. The diameters
of the pores is ~70 nm and the inter pore distance is ~100 nm. Moreover, the morphology of
the surface shows that the pores are uniformly distributed but with wrregular shapes. In the
initial stage of anodic oxidation of the film, discontinuous O, bubbles can be seen at the
surface of the anode. The transfer of Al’" and O°~ across the barrier alumina under constant
electric mtensity and Al,O; was generated as a result.

241 + 30, — ALO, (1)

Along with anodic oxidation, barrier oxide film was formed on the surface of the metal,
when the voltage increases O°~ in alumina was oxidized (Zhu ef al., 2005).
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Fig. 2. Scannming electron micrograph of the top view of aluminum after anodizing for 2 h at
20 V in sodium phosphate electrolyte at ambient temperature
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Fig. 3: EDX of aluminum anodized at 20 V in sodium phosphate electrolyte at ambient
temperature

207 50, +4e (2
and Al mjects into the electrolyte at the vicinity of selution/films interface.
2AF + 3Na"+ 3P0, —> Na, AL (PO,), (3)

The second reaction proceeds first at these places in which nano pores are developed
by the dissolution of alumina. The nano pores make the current density higher than around
the local regions. This nano porous structure that are gradually formed enable one to make
thin cylinders with controlled diameters as small as a few nm and this can be used as host
for growth of nanowire, nanotube and nano devices through template synthesis. The
diameters of the nano pores are comparable to those produced in the acid medium,
previously alkaline electrolyte is not known to produce porous alumina structure but barrier
type oxide film, the presence of Na' and PO,™ in addition to the current density makes it
possible.

The Energy-Dispersive X-ray spectroscopy (EDX) analysis of the nano porous
aluminum oxide is shown in Fig. 3. The EDX spectrum indicates that the nano porous
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Fig. 4 XRD patterns of aluminum after anodizing for 2 h at 20 V in sodium phosphate
electrolyte at ambient temperature
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Fig. 5 Current density-time response for aluminum anodized for 120 min at 20 V in sodium
phosphate electrolyte at ambient temperature

aluminum oxide is composed of Al, O, Na and P. The analysis indicates that the ratio of Al
and O in the pores calculated from the EDX data are in agreement with corresponding value
of bulk alumina. The minute amount of Na and P present as a result of the bond energy and
difficulty in being adsorbed at the surface of the film confirms the prepared electrolyte to be
sodium phosphate.

K-ray diffraction measurement is carried out to investigate the phase transformation of
the porous aluminum oxide in Fig 4. The observed FCC to monoclime diffraction peaks 15
assigned to 39° and 45° on the 20 scale, corresponding to diffractions from (111) and
(200) planes. The other diffraction peaks can be assigned to the aluminum substrate.

The porous anodic alumina film developed in this sodium phosphate electrolyte is as a
result of oxide film dissolution, stress concentration, high pH and the changing of current
density are the main causes of porous film development (Zhu et af., 2005). Therefore, the
current density-time behavior of aluminum anodized in sodium phosphate electrolyte at
20 V for 2 h at ambient temperature is shown in Fig. 5 which resulted in (1) a surge to high
currents, reaching a maximum of 250 mA caused by pore nucleation, (2) drop in current after
10 min indicates slow disselution process, (3) partial current density stability after 25 min
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indicates pore growth and (4) a main period of steady current density after 70 min. This
steady current density appears when the rate of aluminum oxide dissolution occurring at the
base of pores equals the rate of oxide formation at the metal-oxide interface. From that
moment a stable growth of the porous oxide layer on anodized aluminum starts.

CONCLUSION

In conclusion, we have successfully prepared nano porous aluminum oxide film using
a titration technique to prepare the electrolyte. The growth of the nano pores in the alkaline
electrochemical cell was ascribed to the current density and pH. The results of the XRD and
EDX suggest that the composition of the fabricated nano pores 1s alumina with traces of
sodium and phosphorus. The fabricated nano pores are promising platforms for various
electronic and magnetic devices.

ACKNOWLEDGMENT

This research was supported by Institute of Post Graduate Studies (TPS) student
fellowship through School of Materials and Mineral Resources Engineering, Universiti Sains
Malaysia.

REFERENCES

Belwalkar, A, E. Grasing, W.V. Geertruyden, Z. Huang and W.Z. Misiolek, 2008. Effect of
processing parameters on pore structure and thickness of Anodic Alummum Oxide
(AAO) tubular membranes. J. Membr. Sci., 319: 192-198.

Christof, B., F.I. Thomas, I. Anna and E-W. McFarland, 2001. Automated synthesis and
characterization of diverse libraries of macroporous alumina. Electrochim. Acta.,
47: 553-557.

Chu, S.7., K. Wada, S. Inoue and S. Todoreki, 2003. Fabrication and characteristics of
nanostructures  on glass by Al anodization and electrodeposition. Electrochim. Acta,
48: 3147-3153.

De Azevedo, WM., D.D. de Carvalho, H.J. Khoury, E.A. de Vasconcelos and E.F.Jr. da Silva,
2004. Spectroscopic characteristics of doped nanoporous aluminum oxide. Mater. Sci.
Eng. B, 112: 171-174.

Grzegorz, D.S. and I.S. Wojciech, 2009. Structural features of self-organized nanopore arrays
formed by anodization of aluminum in oxalic acid at relatively high temperatures.
Electrochim. Acta, 54: 3683-3691.

Heilmann, A., F. Altmann, D. Katzer, F. Muller, T. Sawitowslki and G. Schmid, 1999.
Determmation of the pore size and vertical structure of nanoporous aluminium oxide
membranes. Appl. Surf. Sci., 144: 682-685.

Hou, K., I.P. Tuand X.B. Zhang, 2002. Preparation of porous alumina film on aluminum
substrate by anodization in oxalic Acid. Chin. Chem. Lett., 13: 689-692.

Kang, H.J., D.I. Kim, S.J. Park, I.B. Yoo and Y.S. Ryu, 2007. Controlled drug release using
nanoporous anodic alumimuim oxide on stent. Thin Sold Films., 515: 5184-5187.

Li, Z. and K. Huang, 2007. Optical properties of alumina membranes prepared by anodic
oxidation process. J. Lumin., 127: 435-440.

Sachiko, O., S. Makiko and A. Hidetaka, 2005. Self-ordering of anodic porous alumina formed
in organic acid electrolytes. Electrochim. Acta, 51: 827-833.

67



Asian J. Mater. Sei., 2 (2): 63-68, 26010

Singh, G.K., A.A. Golovin, I.S. Aranson and V.M. Vinokur, 2005. Formation of nanoscale pore
arrays during anodization of aluminum. Europhys. Lett., 70: 836-842.

Su, S.H, C.S. L1, F.B. Zhang and M. Yokoyama, 2008. Characterization of anodic alumimum
oxide pores fabricated on aluminum template. Superlatt. Microstruct., 44: 514-516.
Sulka, G.D., S. Stroobants, V. Moshchalkov, G. Borghs and J.P. Celis, 2002. Synthesis of
well-ordered nanopores by anodizing aluminium foils in sulphuric acid. T. Electrochem.

Soc., 149: 97-103,

Sulka, G.D. and K.G. Parkola, 2007. Temperature influence on well-ordered nanopore
structures grown by anodization of aluminium in sulphuric acid. Electrochim. Acta.,
52: 1880-1888.

Vergara, 3.J.G., P. Skeldon, G.E. Thompson and H. Habazaki, 2007. Formation of porous
anodic alumina mn alkaline borate electrolyte. Thin Solid Films, 515: 5418-5423.

Wang, H., D. Dai and X. Wu, 2008. Fabrication of superhydrophobic surfaces on aluminum.
Appl. Surf. Sei., 254: 5599-5601.

Yufei, T, Z. Haihui, L. Peng, L. Shenglian, C. Tinhua and K. Yafei, 2006. Preparation and
characteristics of well-aligned macroporous films on aluminum by lugh voltage
anodization in mixed acid. Surf. Coat. Technel., 201: 513-518.

Zhu, X.F.,D.D. Li, Y. Song and Y.H. Xiao, 2005. The study on oxygen bubbles of anodic
alumina based on high purity alumimumm. Mater. Lett., 59: 3160-3163.

68



	ajms.pdf
	Page 1




