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Preparation of Nano Wire by Anodic Oxidation
I. Production of Nano Wire Using Anodic Alumina Template
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Abstract

To investigate the effect of properties of pores in anodic alumina template(AAT) on the formation and

characteristics of metal nano wires, Cu and Ni nano wires were manufactured using anodic alumina template formed
in various electrolytes. The characteristics of prepared metal nano wires using AAT could be replicated from those of
pores in AAT. The diameters of nano wires could be controlled by the widening process of anodic porous film in H;PO,
solution. The shape ratio of the nano wire was shown to be 170+ 30 for Ni nano wire formed by AAT made in sulfuric

acid
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2.1, AATE 0|83} nanowire2| M=1|H

AATE ]88t vhix gfolojE Azl WYe 2,
Fig. 15} 7o) 7134 Absbjutg oF 3 Abspylel & A
A1713, wideningell sl Akstel Wjo] 713-9] 37)E 48}
€ FEoE AT F, 5 o]% R A Y o} 5
: AATY 7|3l 3% HEE E3l nano wired A=
A o 27 o5 dF0lE BE o)8se (Fig. 1
(a)) =H2g A4 Asjdely FF4rsE 514 Fig. 1(b)
o4 Boxl= AAY porert FAE T2 A3lto] §
A=), ol WA HE pored A7 HaAdY £/ A
fxe x| wepa 2 Z7)E oheFakA WA = 9
on, fFAks}t Aol 2ES= A H S (barrier layer) 2
FAE 72 £ Qo =8 "EEA 7139 2L A
& 4 3= widening 71H & FHAE Ak 7139 A
e WA g gled, oA 71Ee AAel Ad
AATE Fig. 1(d) &} #o] 35 AZA &, AN =4
9] NaOH #4944 &FulF 717 % 7134 A=
< 43141719 Fig. 1(f) & Z°| nano wireg AZE
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- Fig. 1. Schematic diagram for fabrication of nano wire using anodic alumina template. (a)pure
aluminum sheet, (b) formation of anodic porous film by anodization, (c) (d) the pores filled with
metal by electrodeposition, (e) dissolution of anodic alumina template, (f) formation of nano wires.
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Cu nanowireE 7| $3 template £ 4] 43} 71F
mhe £ ok TalEe 30°C o) 1.56M HS0, o4
7Fds 10V E 2087 k3435 4AF 3, 345 7
A kgt 30°C ) 0.3M H.PO, Aaf| Yol 4] 10E7F
Zsto} widening & AAge}. o}FA AxH Y 7)FA
o8 30°C9 HS0.(36me/£4) 2 CuSO,(20g/£) &
Lo A8k F AC 10VellA 383 ZF e AlA)
5o B2 Ho)lE Ato B Cu M-S AAF F, A3 ste)
templated -&3j21Zch. olu PEHe|e YT FHH
Cu nanowire® AAToA £2i8l7] $isf IM NaOH<lA]
1A1ZE <t A3ty dFulFr 7|x]9} Als)oiute £-84]
Zom® 2% Cu nanowirex Cu gridel] A+ TEM
o2 #Fstgct.

2.3. Ni L}c2lojof "=

Ni nanowired &7 #eix+e 2572 templated
ol4slglom, & FRE 30C2 15M HS0, &4
A7FHE 20V E 2537 FFA43E HARE F 344 V)
FA] Ars ] ekg 30°C 9 0.3M HiPO, Asjyolx] 1587
12)8}d widening& 4213 templateolsy, tHE S/
30C*4] 0.5M CrO; &HolA 17pxst 16VE 18£7
FAEHE AXRE F Y49 71T Asteehg 30C 9
0.3M HiPO, Fs)Hel) 4] 3087+ A =)8ted widening-& A
Algk 7134 28 templateE o]-23 4}, Ni nanowire®
Azs}7} ¢&l NiSO. - BHLO &9} NiCl, - 6H,03 H,
BOs 494& &3 Aszelx ZF A2 (AC electrode-
position) o2 Nid A&zl & Ak3ta=hg NaCHel
7], 23417 Ni nanowires} 4tstj=hg F-2] 3},
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AATE 435l A== Cut Ni nanowire: ZwHe+d
#Hey (Ultramicrotomy) & o] 485" Fas)gic}. ol
Embedding s=A]& epon 81242 A o (epon 812 (62
me) +DDSA  (100m¢)) % B (epon 812 (10mf) +
NMA (B9m)) & 372 AME EFgst FF=24q
BDMA (0.75m8) & #7}she] S-83] ok F Zoj 7je
of] Algel ZuAE Yo ¥4 80Tl 12413 3
A1A 1w ¥stgdrh. EofA)HL trimming 3} sectioning 3
A& E8 400 mesh F8 2= (Cu grid) o) 14
TEMoZ #2359t AATel AFA3 Cust Ni
nanowire® 41317 98] X-4 3HEA3} TEM EDS
(Energy Dispersive X-ray Spectrometry) & €3} Cu
9} Ni nanowire® ¥#&3tsict.
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3.1. Cu Lhc2jojof
Fig. 2€ 7134 Astg=te Az F pore Wiol| X
FAEE o)88) Cud A A7) 7399 o]F Abstout
& 238 £ A)x% Cu wire® @2g TEM ARRlojt).
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Fig. 2. TEM image for deposited Cu in pores of AAT formed in
1.5M H.SO, electrolyte at 10V, 30°C for 20min. (a) deposited Cu
metal in nano porous film with length of 0.8:m. (b) TEM image
of Cu nano wire after dissolution of AAT. (c), (d) SA diffrac-
tion pattern of Cu nano wire with zone axis [011].
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Nanowire®] Zols HF 0.8mo2 AATS] FA2} 79
A2 HT, AHLe HHE 20nmE AATS HF A<
18nmEct k7t F} A2 dXHE FFo|H, Fig. 2(c)
+ Cu nanowireol] t&F TEM diffraction pattern A}%1
ojct, A&AH nano wires Fig. 2(d) o4 o] AAH o
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Fig. 3. EDS peaks of Cu nano wire in AAT.

3.2. AEN0IM MME AATE O]2F Ni L 20|

0.5M CrOs&deA 7134 Atgtaets XAz 3
widening & %34, 7|F9 Z7E AT Asuute
AATE o]43le Ry e 2 A& pore vl Fdl] A
ZX)71 A21E Fig. 49 vebdlch, -l o] o2 4ks)
= 30C9 0.5M CrO; £dell4 15V Hete 2 187
ArErelen ojdf MR A3k Fig. 4(a) 9 2t}
olw) 4R Abztmutel FF 71F (E) A7L 11lnmo)
3 A3 FAE PFF 40nmE Jebgdol =8 widen-
ing& AAISt ZFAZ s Nio] 7]3ete = Ay
F42 Fig. 4(b) ¢ 2t} o] widening& 3l4HE-Yoil 4]
3087 A8k}, Fig. 4 (b) o4l widening 3o 7]29)
A7 HH 30nm 28 AHFe FA= A 10nmE
S35t o1& il A widening 2L 7|39 =7)
Aol wt oz} A ES FR-AHOE L7 e BH, o]
F d4EE A1F JAHd A 7|F W2 HEbo] Sl FE
ZopEe g% de ZleE Bojxn

=g+ wideningl 9l Aoj¥ AAT S 7|F=27)9} o|F
A= nano wired] A7 L v]Eig, X 7492 &
shod ZEAbelA AR A EErE QJab-S-dola I8t
o] widening@ A%, 7179 Z7]E 0.77nm/ming] 7}&-
7|12 WstEng 334kl A ofFAs R Absl 7)3ete] 7)
F37= 7 1lnmelA 30872 widening 2 A& A
£ dArEl= 71E=7]9) 38nm (= 11nm+0.77nm/min X
30min) 2 vehdn, 23, 4(b) )4} el AR A
el oF 30nmet 2 URFT Jer R wideningatge
%39 nano wire2] AZA] wire?] A Aol dRHE
7Fed A= ALE ) Fig. 4(c) = 30C< IM NaOH
S-Holl A Abzpukg- 4-8)g ¥ veld Ni nano wire 3
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Fig. 5+ 1.5M H.S0, &84 20V g o2 2587}
ofFAtslell o3 ]34 Atst kg HAA)Z] F widening
& E3le] 7139 2715 Ao AstHete AATE o4
shod, AFAIYP o= VAL pore ol A A7) B
7 ArsbEebg 4818 39 Ni nano wired ¥ E e}
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Fig. 4. TEM images for deposited Ni metal in pores of AAT
formed in 1.5M H,SO. solution for 25min. (a) image of
crossectional AAT formed in 0.5M CrOs at 15V, 30C, 1 min.
(b) deposited Ni metal in nano pores of AAT widened in 0.3M
H,PO., for 30 min. (¢) TEM image of Ni nano wire after dissolu-
tion of AAT.
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Fig. 5. TEM images for deposited Ni metal in pores of AAT
that formed in 1.5M H,SO: solution for 25 min and widened in
0.3M H,PO, for 30 min. (a) deposited Ni metal in nano pores of
AAT formed in 1.5M H.SO; solution at 20V for 25 min. (b) Ni
nano wire with diameter of 40 nm and length of 6 xm. (c) Ni
nano wire with diameter of 25 nm.
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Fig. 6. XRD peaks of Ni nano wire prepared by AAT formed in
sulfuric acid.

A Apzlelr), Fig. 5(a) & 34 s Yol A 2587F F=4k
3 ¥ Nig 7|34 Asboated @Azl Apzlelw, Ni
wireZ} AATE] pore W¥-o Y4 Ao 2 FAdsHA
vdads 248 oS3 Qo). Fig. 509} (o) = 7154
A3l9)ehg IM NaOH 8¢ JAAA|A Asaqts £
g]sle] Ni nanowire® TEMo = &3 Axloe® 71 3
o Aol7) 6imel T wires] FAo] Ztz} Fig. 5(b) o] A+
= 40nmE el Fig. 5(c) o A$-= 26nmE et
sk Fig. 5() 2 433 nano wire?] o] vy
7 B G A Ao] 2A et AL /FFEA] 7)
TR FLFA FEolo] AFEA] X3t 7139
Yol o2 AHAFA X357 WiFeoln, A7 At
&4 7F5AE d9lelzt Al st =3 Ak sl 4
AzH AATE F3he] 9sk= 279 nano wired A%
T 5 e 7I5AE 2AFE7) $18te], wideningell oS
Aolgd AATS 71%=719 o]F AZHF nano wired] 2
A& vius Bokoh B AFAAE F3ho] Fabel A4
2 AgtEEhs alabgAeA A8l widening® A,
7129 =7 1.1nm/min® 7]&7) W3E Jehjo 2 3
Atell A oF= AbEhE AbsE 71gke] 7)) Alakel ofshd
2 APz AdA ZHF 26nmol 4 30%7r9) widening &
AAE 3e GFEE 71FR7)= 42.5nm (=26nm+1.
Inm/min X 15min) & velyit}, o] A3t ojn] AF=H
So] zzo] H2HEF Fig. 5(c) 9 A$E Y& PFig. 5
(bY &) A FFZAA 40nme) ARAFe} & dAsz
qlt}. BAbolA A ZE AATE widening 71¥H& 283519
Azt= A7 nano wireg AZT = g o E ARy
o 2 APzANA A=H nano wire2 Zoje} =79
aspect ratiox= i 1703002 i}ebyirt. Fig. 6&
AATS W27)Fo Ni wired TF A& 9 XRD &
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HAzlolt}. o] AxpolA 7R AR &FuE peak”}
vehgto o] Atslaet YR-ol 4= Ni(020), (022) peak7}
=)o} Ni nano wire7} 341 218 & 5 ok
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okZAbsle]] o8 A=F x 7)EA (nano porous
fitm) o] ©jek3k z=27]9) Y AAE HE T A= template
NEEA o4 7l st AL AA F5012E
oA 7lF gke 2 Azt A7l ¥, AsHutE 4A)A &
A7l e 4] Y A7) YreAddE
=g AATHH-9 7139 EA43% AZH nano wired] &
A& vl HE3G oo o] A A Jehd Aie o3
z2r}

1) okFarsigel] o) Al=" AATE o83t iy
Az} i) R ZRAREE S A e
7}12) Ni 2 Cu®} nano wires A= 4 Uich.

2) AATE o]&3}e nano wires AZ¥ 7% widen-
ing7]1%& o434 nano wired 379 Ale rHEdt
Ze 2 bl

3) AZH nano wire?] Z71= AATE 7|F3ejet A
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