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Highly ordered porous anodic alumina (PAA) films are fabricated with the sulfuric and oxalic acid as
Key words

electrolyte and by the two-step anodization method. The crystal structure of aluminum foil before and after annealing
process is examined with X-ray diffraction(XRD). Field-emission scanning electron microscope (FE-SEM) and atom
force microscope (AFM) are used to observe the surface and cross morphology of PAA films. The pore diameters
(20~100 nm), pore distances (50 ~ 150 nm) ., depths (0. 2~ 70 pm) and densities 10° ~ 10" /cm® can be well
controlled. The forming process and mechanism of PAA film are discussed. The effects of aluminium pre-treatments,
the electrolytes type, anodizing voltages and electrolyte concentrations on PAA film's stractures are analyzed.
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Fig. 1 XRD image of foil. (a)before being anealed, (b)after being anealed
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Fig. 2 PAA film prepared FE-SEM images of the surface section in 0.5 mol/L oxalic acid under anodization voltage of

(a)30 V,(b) 40 V, (c) relationship between pore diameter and anodic voltage,

(d) relationship of pore density with anodic voltage
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Fig. 3 Dependences of pore diameter (a) and interpore distance (b) on concentration of oxalic acid

at anodization voltage of 30 V and 40 V, respectively.
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Fig. 4 FE-SEM image of the surface section of PAA film prepared in (a) 0.5 mol/L sulfuric acid, 25 V, 10C,
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Fig.5 (a) FE-SEM image of the aluminum base with the film made by one-step anodization removed.

The duration of one-step anodization is 4 h,

(b)FE-SEM images of the surface section of PAA film before the process of phosphoric acid.

Both are prepared in 0.5 mol/L oxalic acid, anodic potentian of 40 V, temperature of 10 C

5 4 1

DUBRIER | BRI WA PR AR . 5 P — R B SR AL 7
WA T R R PAA . S BIHE T AL B
SEUAH T | H AR VBF 2K W JE X0 B PAA JBEGE H 10 1%
s %F PAA B BHLBIEEAT T 4087, S ift— B T Rl
i PAA LSS & i TR RHOR L 45 5 B MO
05 L0 LA H MR T — 1095 5.

& X X

1 Zhang Lide, Mu Jimei. Nano-material and nano-structure[ M.
Beijing: Science and Technology Press. 2002. 51~67
SRAL A, RS, GUORMEL IR S LM, db st BE R
R, 2002, 51~67

2 A. Jagminas, R. Juskenas, 1. Gailiute et al.. Electrochemical
synthesisand optical characterization of copper selenide nanowire
arrays within the alumina pore[J]. J. Cryst. Growth, 2006,
294 . 343~348

3 T. Yanagishita, K. Nishio, H. Masuda. Fabrication of metal nanohole
arrays with high aspect ratios using two-step replication of anodic porous
aluminal J]. Adwv. Mater. s 2005, 17 2241~2243



LT PR 8 20 2 AL A AR RS ) 3 329

4 Chi Guangjun, Yao Suwei, Fan Jun, e al.. Anodic aluminum
pxides template-assembled copper nanowires and its TEM
characterization[ ] ]. Materials Science Technology » 2003, 11(3) :
233~239
BRI, WRE . 8 B SF. BRI S A A 4 e A 4 K 4R T
TEM RAE[J]. ##A$5 T £, 2003, 11(3): 233~239

5 7. Miao, D. Xu, J.
induced sol-gel preparation of single-crystalline TiO, nanowires
[J]. Nano Lett, 2002, 2 (7): 717~720

6 G. Shi, C M. Mo, W L Cai et al.. Photoluminescence of ZnO
nanoparticles in alumina membrane with ordered pore arrays [J].
Solid State Commun. , 2000, 115; 253~256

7 J. X. Ding, J. A. Zapien, W. W. Chen e al., Lasing in ZnS
nanowires grown on anodic aluminum oxide templates[J]. Appl.
Phys. Lert., 2004, 85 (12): 2361~2363

8Y. C. B. Z. Cui, R. Guardian et al.. Growth of carbon
nanotubes and nanofibres in porous anodic alumina film [ ] ].
Carbon, 2002, 40(7). 1011~1016

9 H. Pan, H. Sun, C. Poh e al.. Single-crystal growth of

mentallic

Ouyang et al.. Electrochemically

nanowires  with  preferred orientation [ ] .
Nanotechnology » 2005, 16: 1559~1564

10 H. Masuda, M. Ohya, H. Asoh et al.. Photonic crystal using
anodic porous alumina [J]. Jpn. J. Appl. Phys., 1999,
38(12). 1L1403~1.1405

11 Wang Gang, Yan Kangping, Zhou Yong e al.. Anodized
aluminum oxide template for processing nanomaterials [ ] J.
Electronic Components & Materials, 2002, 21(5): 27~30
F N BT, AT A, B BRI T A 4K TR
BRI & F otk 5 44+, 2002, 21(5): 27~30

12 S. Basu, S. Chatterjee, M. Saha et al.. Study of electrical
characteristics of porous alumina sensors for detection of low
moisture in gases[ J]. Sens. Actuators, B, 2001, 79, 182~186

13 H. Masuda, K. Fukuda. Ordered metal nanohole arrays made by

a two-step replication of honeycomb structure of anodic alumina

[J]. Science, 1995, 268 ;. 1466~1468

14 Xia Zhilin, Xue Yiyu, Guo Peitao et al.. Investigation on the
atomizing process of plasma droplets in laser induced materials
damage[J]. Chinese J. Lasers, 2010, 37(6); 1647~1653
SRR, BRI . SBERE SE. BPRNEOGIR G b 1 S B T IR RO 5
feid #0J]. F Bk, 2010, 37(6): 1647~1653

15 Xia Zhilin, Zhao Yuan'an, Huang Caihua et al. . Selecting energy
density for laser preconditioning optical films[]], Acta Optica
Sinica , 2009, 29(2): 560~565
SUEM, BT B L G O TRAL B A8 i % R TR AL
[J]. 554, 2009, 29(2): 560~565

16 Y. Du, W. L. Cai, C. Mo & al.. Preparation and
photoluminescence of alumina membranes with ordered pore
arrays with ordered pore arrays[J]. Appl. Phys. Lett., 1999,
74(20): 2951~2953

17 Gong Yunlan, Wang Wei, Wang Hui e al.. The analysis of
self-organizing process of anodic alumina films with nano-pore
array structure[ ] ]. Acta Physico-Chimica Sinica , 2004, 20(2) :
199~201
Wiz, £ R, £ #H % EARELEIORILES 5440 A
HYGE LI, HEACFE F A, 2004, 20(2): 199~201

18 O. Jessensky, F. Muller, U. Gosele. Self-organized formation
of hexagonal pore arrays in anodic aluminal J]. Appl. Phys.
Lett. , 1998, 72(10) . 1173~1175

19Y. XU, G. E. Thompson, G. C. Wood e al.. Anion
incorporation and migration during barrier film formation on
aluminum[ ] ]. Corrosion Science, 1987, 27: 83~93

20 J. P. O'Sulllivan, G. C. Wood. The morphology and mechanism
of formation of porous anodic films on aluminum [J]. Proc.
Royal. Soc. London., 1970, 317(1531): 511~543

21 Hideki Masuda, Haruki Yamada, Masahiro Satoh et a/.. Highly
ordered nanochannel-arrayarchitecture in anodic alumina [ ] J.
Appl. Phys. Lett., 1997, 71(19) . 2770~2772



