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Preparation of Nickel Oxide Films by Anodizing
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Abstract — Nickel oxide thin films with 2.3 pm thickness were prepared in order to overcome limitations of thick-
ness with nm dimension by anodizing. For the electrolyte, ethylene glycol was used as solvent, and NH,F was added
for source of F~ ions. The anodizing experiments were carried out on various voltages such as 40, 60 V and 80 V for
12 hours. The thickness of NiO was changed according to the anodizing time and the voltage. However, destruction
of Ni caused by rapid oxidation reaction occurred at 80 V. XRD results show that NiO was successfully created by
anodizing.

Key words: Nickel, Nickel Oxide, Anodizing, Thin Film

LA B 25, s 27, S A, wRl S5 50 34 WgE 2ETe
2H 97 veFst Feet FAZ Azt Vssithe FEE 7
3241 o dEA AkslER AksUAR Fl[1], A7 [3] L =
23 WA SAMARE 7RI ZA Ful[1,2], AR [5], T FFAEEReA UL Al el EAsh= H,08)h ¥H8-38te], Y
[6], T12~Z|0][7,8], REEA[4,9], Bl A [10] & vheFsh 2okl 2] 7 oA A3A 0w AkshyAE Ak n] Aksh o] P4 E =
& =& Eolot. AlslyA wluke ZFE211], AARISE12], WS- th3) Z2rH2s].

L o
RF PFIHIER ~HE|™[13,14], F=4E8H15], 3Fek52H16,18], 9

© Ni + H,0 — NiO + 2H" + 2¢~
215 oI e [19], £-A[20] 2 5 DEE[21,22,2315 ThFst

o

o7 Azd 4= 9t zo] ok=Aaksh= Na,S0,[25], H,S0,[26], B4 e840 [27],
FAlslel 24 ¥HS A7)H 0w ABIAA 2 AlsHEe] ] KOH[28,29] 5-2] thaket afde] thgh A8 A7} 2= 3ot
kS B W o 2 olu) A E Huke YA UnlE o] 7 ool < A ~F nm 7712] NiO BHHS FAJAIZL 0, 2F 100 nm
it ohe} T SR ARS 7hesl] kel A WAIE 9 T SAE AWt
S} &FulF FH, EJERY o} U35 H (Titania nanotube, TNT), %= B AT E 718 AREEIE At 7] AsliEelA] slofut
A+3l1]E (Anodic Aluminum Oxide, AAO) HI=H0|E A2} & F71&E4 o dlZ2]Z(ethylene glycol, EG) dald-& 283}
o] &= QITH24]. F=AREPHS Wk A xshk=t] Qlo, 3 Ko Azt AYE A3 nm @S2 FAE SESL &
o] FAskH ul-g a0 Eal YAl A8ehs A Bl A, um T2 Absh 7 aheks Al zstaal shglvk. o] ARUE

: o] W3}, FE-SEM, EDS, XRD £4& F3a}o] vluto] 418 i}
To whom correspondence should be addressed. B
E-mail: jhjung@kgu.ac.kr ota}itt.

204



YIS o] get Ak e} A 205

2.4
2-1. M2
A3lof] AFEE Y2 (Johnson-matthey, 0.1 mm, 99.5%)< 1 cmx
1 em8] 272 doisilon, ¥d {71584 AAE Sste] obHE,
olehE 1831 S5 0= b 15 253 AlEE Al
Az oz AdE Uz o] Aksheh AAE Q8] YAS o=l
ARk gl ol 1 me] HF S FAHR Fo} =3t
& Adldvk(electropolishing)s A AI8}3ITE HCIO,Z} Ethanol2] H]
£o] 1:391 £ dalds AHsIlaL, A7 A 2 em® A%
3193 om AFAA A (JIE HAN-30010A)Z o831 6.5 Vo] A
S 78l oF 1 3023t AajdvkE JsIeith dajdrpt £
YA ofeke T} TRTE o] &3te] AlFEI o oFSAts) A
A7) 3 Aksh WA E Al ollehe WellA] Baksiglch. A
LAREgo]7] wiitel] A3do] Hsul= Fetel Hade]
25 F2AE olgsle] 5°CE fAIEeH, wNY]E o83}
o] dajdS mkalEoitt. w3t AFAe HFEE ddste] A

o] WskE AARRkew Al o, dajdnt A5 EvskE
8+& 1|7 (Siwon Optical Tech, DIMIS-PRO)= ©]-&3tod #2495}k
93\

2-2. A=LE]

IS 317] el EGell 0.3wt.% NH,FSF 2vol.% 5752
H7¥et Foll oF 30i1F wykste] A Alzxsiolet. =3t A,
, WRE 5o A 2L Asfdvkel FLsHAl 28 T3t
A FFAAZ o] 8310 40, 60 V 12]3L 80 VO] Mgk 7}

glom, 7k AgtellA 3, 6, 9, 12A7H F=AkslE A8
3} F FR5 2 oflghe 7 AIHEI o, 110 °C 2EellA] 30
S AZAFTH

Ak} 2l dafdufel] AR AXE Fig. 19] YR, o=
Akl & gAd Akl ¥ W @S FE-SEM(JEOL, JSM-
6500F)C % #Haslg o, 3] 4AFAS EDS(Oxford, INCA
Energy)E ©]-8381311, 2325 XA 84 4 7](PANalytical,
X'Pert-Pro MRD)® £Q13}3iT}

N
Jr{‘_};

0 ol
a4 St
e N

M o
off

0C}
10
>
b

A/D Power
Converter Supply

Q O ® O

Computer
recorder

Electrolyte

Thermostat(5°C)

Fig. 1. Schematic diagram of anodizing apparatus.
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Fig. 2. Change of current density according to electropolishing time.
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Fig. 3. Optical microscope images of the nickel surface (a) before
electropolishing, (b) after electropolishing.
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Fig. 4. Change of current density according to anodizing time and
voltage.
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(a) (b)
Fig. 5. Anodized nickel foil after (a) 3hr reaction, (b) 6hr reaction.
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Fig. 6. FE-SEM images and thickness of the nickel oxide prepared
by anodizing at 40V in ethylene glycol +0.3 wt.% NH,F elec-

trolyte. (a), (c), (e), (g) surface view; (b), (d), (f), (g) cross
sectional view.
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Fig. 7. FE-SEM images and thickness of the nickel oxide prepared
by anodizing at 60 V in ethylene glycol +0.3 wt.% NH,F electro-

lyte. (a), (c), (e), (g) surface view; (b), (d), (f), (g) cross sec-
tional view.

Y

>

ol

bl vkl Al 207

7} wol Sl om AR Alsh A
7/—101] ]OH /\]—EHFH o7 ;‘(]U]:‘]_Oﬂq..
Fig. 7 60 V 27164 Alzte]] up2 Abshu7le] ¥ 4l S
A S Aok, Algtel] whE AkslE-C] A Wish= o2 40 Vel v
SSHAl ATl w2452 02 FTYeIelt). Teu Tkl Aol
S7FhAx] Alsh A F-2] 7= 40 vell v]3) oF 7w =2 F7}ste]
1271 F=AEsEAIZT 739 Al 1,660 nmE FERASITE. Fig. 401141
Z9ko] 40 Vel 60 VE 50% S7Feh ) WFd e oF 100% 57}
Sk 312 60 V Als A o] T ATA 0% 9] A Fo] Atk
= S oJujahd, o]i= AA] 40 Vo) 60 Vol AFsUA 9] )
2ol 2 g1},
Fig. 8 80 V X710l Algtel] whe Abshae] 19 9 TS
25 Avjolr}, whrg we) Bl Aksh A Fo] 40, 60 VoIl H]

hAS TR A stellA A

g XdskA] sk AR thaAdd As & 4= Qi o] dyaH
B 80 VoA A/de AlsluA Fo] Atja oz o] =1 H7|A
1:1:‘— 1;\1—0 7—]0 oq])\]-zﬂ—

o, of= ko] A et

@3 )8 b G 90

e 9 hr

(h) 12 hr (& 2100 nm)

@) 12 hr

Fig. 8. FE-SEM images and thickness of the nickel oxide prepared
by anodizing at 80 V in ethylene glycol +0.3 wt.% NH/F
electrolyte. (a), (c), (e), (g) surface view; (b), (d), (f), (g) cross
sectional view.
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Fig. 9. Change of thickness of nickel oxide according to anodizing
time and voltage.
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Table 1. EDS result of nickel oxide at 60V for 12hr anodization

Element Weight(%) Atomic(%)
O 31.42 62.70
Ni 68.58 37.30
Total 100.00 100.00
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Fig. 10. XRD patterns of (a) nickel, (b) 3hr anodizing, (c) 6hr anodiz-
ing, (d) 9hr anodizing and (e) 12hr anodizing at 60 V in EG
+0.3 wt.% NH,F electrolyte.
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