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Abstract : Using an electrolyte additive, we examined, for the first time, a novel self-ordering
regime of 160~200 V in high-field anodization which had been used for a fast fabrication of
self-ordered anodic alumina nanotemplate. FE-SEM analyses conducted after the high-field
anodization, pulse detachment and chemical widening of pores showed the relationship of 2.2 nm/V
in this voltage range, which was identical to the previously reported one in the literature. The
growth rate of the alumina film was about 60 um/hr, which was 30 times faster than that of
phosphoric acid mild anodization. This study provides a new process for the fast fabrication
of nanotemplates with interpore distances larger than 300 nm.
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Table 1. Known self-ordering regime in aluminum anodization
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Mild anodization

Hard anodization

Voltage Dine Voltage Dine
Electrolyte H,SO, 19~25V 50~65 nm 40~80 V 90~140 nm
H,C,0, 40V 100~110 nm 110~150 V 220~300 nm
H;PO, 160~195V 405~500 nm
Growth rate 2~6 pm/h 30~70 um/h

Current density

2~5 mA/cm? (const.)

30~250 mA/cm? (var.)
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Fig. 1. Current profile during linear sweep voltammetry
of aluminum in 0.3 M oxalic acid (a) without additive and
(b) with additive (linear sweep to 160 V with scan rate =
0.5 V/sec, maintaining 160 V thereafter).
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Fig. 2. Voltage-current-temperature profile with time
during the anodization of aluminum in 0.3 M oxalic acid
with the final voltage of (a) 140 V without additive, (b)
160 V with 10% additive, (c) 180 V with 10% additive,
and (d) 200 V with 10% additive.
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Fig. 3. FE-SEM images of the bottom surface of anodized
alumina with the final voltage of (a) 140 V without
additive, (b) 160 V with 10% additive, (c) 180 V with 10%
additive, and (d) 200 V with 10% additive.
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Fig. 4. FE-SEM images of the cross-section of anodized
alumina with the final voltage of 200 V with 10% additive :
(a) whole section, (b) middle part, and (c) bottom part.
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Fig. 5. Comparison of interpore distance between (a)
oxalic acid high-field anodization and (b) phosphoric acid
mild anodization. The slope shows 2.2 nm/V for high-field
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dEolER A8 F deS € F Uk

Fig. 5(ay= St A F=adstelr el 7182843
A FAE FAE F0=Z 110~150 V FZHA <)
71E717%1 22 nm/vel GARRe & 4 glth &, 200 Vel
Aoz 40nme| 71874 E Zhe WeRlZEolES
Alzxg 4 Slrk. Fig sbye & gkl A71gE 2119
SRl QIR 195 VE FHoE QA4 8llX e %
FAksle] AxE 7|37 g Ate] IARE FAE A

0% e

o=z A" YgFAkste] 718719 2.5 nm/vell FEES
& 4 At

oo} o] widS alshe H7He] =]ivke R 7]
A 440 7 9] WReRlE o ES AlxE
o, A%e Eﬂ Foltigis ke 7eAS 2
o

YR Zeoleg Axd F IS 452 4 AT
.8 =

& Aol A Fshsl WAz ol

150V o9l Aol FHaketE 15 7] Al v

=4S, 160~200 VO

S FEAE 4
S MEE Az e 715k 4d
A E4E Tl AWEART. 150V o]
AFAelME 7187k Zskte] AAlE 22 nm/ve)]
HIZF frAlE= Al SRlskh. E=)k olget 7]eit
Zoll thelf A8l erl 712 Qb =g 7k A7
=akstel Hlwske] 27 lf\lﬂ &} oF 3080 W=7 A
siete] RS o ATk ol e gl ZE ol E

2 o4 4 U
Az7|eol ek A= 5 s 7H40] 2dH

A%

A 144, A 435, 2011

20, T

10.

11.

12.

13.

223

X array®] A|x8} ole] §-8ATFel IA &8E F
= Zlojth
s

. Y. Wu, G Cheng, K.Katsov, S. W. Sides, J. Wang, J. Tang,

G H. Fredrickson, M. Moskovits, and G. D. Stucky,
‘Composite mesostructures by nano-confinement’ Nat.
Mater., 3, 816 (2004)

. A-P. Li, F. Miiller, and U. Gésele, ‘Polycrystalline and

Monocrystalline Pore Arrays with Large Interpore Distance
in Anodic Alumina’ Electrochem. Solid-St. Lett., 3, 131
(2000).

. 1. Mikulskas, S. Juodkazis, R. Tomasituuna, and J. G. Dumas,

‘Aluminum Oxide Photonic Crystals Grown by a New
Hybrid Method’ Adv. Mater., 13, 1574 (2001)

. G. Gorokh, A. Mozalev, D. Solovei, V. Khatko, E. Llobet,

and X. Correig, ‘Anodic formation of low-aspect-ratio
porous alumina films for metal-oxide sensor application’
Electrochim. Acta, 52, 1771 (2006).

. E. Briggs, A. Walpole, P. Wilshaw, M. Karlsson, and E.

Palsgard, ‘Formation of highly adherent nano-porous
alumina on Ti-based substrates: A novel bone implant
coating’ J. Mater. Sci. Mater. Med., 15, 1021 (2004).

. P. A. M. Darder, M. Hernandez-Velez, E. Manova, and E.

Ruiz-Hitzky, ‘Encapsulation of enzymes in alumina
membranes of controlled pore size’ Thin Solid Films,
495, 321 (2006).

. G Dawai, V. Yadavalli, M. Paulose, M. Pishko, and C.

Grimes, ‘Controlled Molecular Release Using Nanoporous
Alumina Capsules’ Biomed. Microdevices, S, 75 (2003).

. G Saver, G. Brehm, S. Schneider, K. Nielsch, R. B.

Wehrspohn, J. Choi, H. Hofimeister, and U. Gésele, ‘Highly
ordered monocrystalline silver nanowire arrays’ J. Appl.
Phys., 2, 3243 (2002).

. W. Lee, R. Ji, U. Gésele, and K. Nielsch, ‘Fast fabrication

of long-range ordered porous alumina membranes by hard
anodization’ Nature Mat., 5, 741 (2006).

Y.-C. Ha and D.-Y. Jeong, ‘Fast Fabrication of a High-
aspect-ratio, Self-ordered Nanoporous Alumina Membrane
by Using High-field Anodization’ J. Kor: Phys. Soc., 57,
1661 (2010).

M. A. Kashi, A. Ramazani, M. Noormohammadi, M. Zarei,
and P. Marachi, ‘Optimum self-ordered nanopore arrays
with 130-270 nm interpore distances formed by hard
anodization in sulfuric/oxalic acid mixtures’ J. Phys. D-
Appl. Phys., 40, 7032 (2007).

W. Lee, K. Schwirn, M. Steinhart, E. Pippel, R. Scholz,
and U. Gosele, ‘Structural engineering of nanoporous
anodic aluminium oxide by pulse anodization of aluminium’
Nat. Nanotechnol., 3, 234 (2008)..

A. P. Li, F. Mller, A. Birner, K. Nielshch, and U. Gosele,
‘Hexagonal pore arrays with a 50-420 nm interpore distance
formed by self-organization in anodic alumina’ J. Appl.
Phys., 84, 6023 (1998).



224

J. Korean Electrochem. Soc., Vol. 14, No. 4, 2011

14. H. Masuda, F. Hasegwa, and S. Ono, ‘Self-Ordering of

Cell Arrangement of Anodic Porous Alumina Formed in
Sulfuric Acid Solution’ J. Electrochem. Soc., 144, 1L127
(1997).

15. H. Masuda, K. Yada, and A. Osaka, ‘Self-Ordering of Cell

Configuration of Anodic Porous Alumina with Large-Size
Pores in Phosphoric Acid Solution’ Jpn. J. Appl. Phys.,
37, L1340 (1998).

16. A. Rajendra, B. J. Parmar, A. K. Sharma, H. Bhojraj, M. M.

17.

18.

Nayak, and K. Rajanna, ‘Hard anodization of aluminium
and its application to sensorics’ Surf Eng., 21, 193 (2005).

S. John, V. Balasubramanian, and B. A. Shenoi, ‘Hard
anodizing aluminium and its alloys-AC in sulphuric acid-
sodium sulphate bath’® Met. Finish, 82, 33 (1984).

Y. B. Li, M. J. Zheng, and L. Ma, ‘High-speed growth
and photoluminescence of porous anodic alumina films
with controllable interpore distances over a large range’
Appl. Phys. Lett. 91, 073109 (2007).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


