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oF. 541 §9]of X O} =HALsHanodization) o] ©]3k0] 43 == AL5}a] k] 447} (growth kinetics) T} o] 3)te] 7] 4
S A7) A Al ' A =2 (electrochemical impedance spectroscopy) 22 ZAFSFA T, ARG 2k ALO; 2 -4
) (point defect model)ol] whet 4451 0.m, n-3) WhER o] 47]4 2L B

FHO: ALO;, AI(OH);, 553} v}, A3} vl n-3 ¥k 4|, Mott-Schottky
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ABSTRACT. We have investigated the growth kinetics of Al oxide film by anodization in sulfuric acid solution and the electronic
properties of this film using electrochemical impedance spectroscopy. Al oxide film consisted Al,O3 was grown based on the point
defect model and shown the eclctronic properties of n-type semiconductor.
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=52 F-58t oA A == AFsE Z(oxide film)S e A7)kt S48 e AFE(po)= £285h=
vz A o] S ul= 8T 51, o] st AS urES A GamryAF2] Model G 750/ZR A Potentiostat/Galvanostat2} &
71 8 27 Aol o) S8 4 ol7] ol F40) ESE 2l AJe] EuroCell System 7| 5050} B A UL 217} 2

o Tk W7|3kshe AT 2/ FEwrm ok el 7 9 (fitted glass) % 719Fo] sfo] 4] HEL0 2 HelE §7)
(A2 AHEFA = Q19A Q] AbFsH(anodization) 2 F-2HH (three compartment cell)7} & =& A5} =345} T}. &
(adhesive force)o] & Q¥ AFSIE(ALO; = Al(OH);) T & AT A58 DC105(Corrosion Techniques) software2}
o] A o] dFn|E AL HISIEE HA] o] e EIS300(Electrochemical Impedance Spectroscopy)< Z 3+t
Hofyel, QA= M7= F3L 7hg/d o] Hojut Echem Analyst software s AHg-5lo] H|o|E] & 575kl &
Ty, ARy AR, AFA ol B 28 ol Atk A H=(WE)E Sigma-Aldrich AF] 5252 99.999%,
27 okaAtsto) O3t ALO; TuAY Ao et At R 2174 3.0 mm<! Al-rod& A A4 epoxy =X 2 QHa AT
AL G Hof|A] o] Fo2| L gl o Abgtulute] FAEE  w(Aldisk) =TS THEo] AHESEATE 712 Z3tAg/

o

HHeE, Y W2 7o mhE wure] e (morphology)  AgCl B AL Prwire® A E| Glck 7|52 0154

w5k wl 417) 4 41200) harol] e 7k Shasl alE A Al(double junction system) S o] §510] CIo} A5 4|7

et Pk webA] & =l AT A 91 Lot Ag/AeCl 7] &
2 A= A7Isksk dulEs 4 7IH(ETS, electro- H=of] iRt gt

chemical impedance spectroscopy)<r ©]-8-5}o] Al 4=-8-o 717} A A E 29 (deaerated solution)o| A 2] =42 ¢

oA U - U= dojE(potentiostatic method) T A== 3o ArZ 1042 &%) purgingdt £ Ar 9] 7] 0l 4 =34 5}31

Al ARsa]ako] QA ab 1 7] 4 S44& ARSI oh 2 AR of] ARESE Aok AlFoll A AR 4] T(AR
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Fig. 1. Potentiodynamic polarization curve of aluminum electrode
in 1 M H,SOj4 solution under argon atmosphere. (dE/dt = 1mV/sec.)
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Ar£917]] 1 M H,SO,-$-90] 4] Al 128 AP 29 pre-
reduction, -1.2 VoJlA 120% F2HAIZ] 3-9-9} A 7| A]
o2 79, 18] 3L AP AFSH(pre-oxidation, 1.0 Vol 4] 120%
59 A17] 79-0) Pd AT} o] 5 AL 2R E 73t 7))
A A= Fig. 1ol HER It Al 37] Fofl ks
H HES-A] (1ol whatZHbz ofe- AbstuufS A A sat o] Ab
Shajato] a=-g-ol v} X 5131-2 ul] Al/AL,Os/Al(OH)s/Electrolyte
] 77| wo] A E] o) 42453t AlQ] Y 2 9] 2] 24 o] of
& 9], AFshik-g-of] whE Tafel 9 <(E €t ogl7}F H] | 5h= &)
o] LS| 7] wimell EHANES-9] Tafel 7]&7]& 0185
o] BLAVA 95 AESH= Flo] Pbz o]} P

Fig. 19| A 4F2}g & 2] Pd 234102 =8 of| A Al9] 4] 0]
dojub= SA] AlS] H5317F dojdS Hof=aL Qlok. & /E
A (DS H-3-(2)2} BE5-(3)= A BEe(4)7F dofub= A
HH-8-(overall reaction) |, 0]= HAIHE2-9] WFS-(2) R T} -
A X3 =)= F53h Hhg-Ql vhg-(3)0] HA| HH--5=E Al
o3}7] Wi & Zlolt}. 2ol 10 nm £ 9] Al9] Akstut
o] ALLO; (64%), AI(OH)3 (27%), Al (9%)Z T4 =SS
XPS(X-ray photoelectron spectrometry)”|H 0. & Q15 H}
7HQIE 1 o)1= A Golo] 4] uhE(2), 3), (4)7h A% H 0
2 olojupis AbsalAoleks BiekE AA|sha 9lek of
97 Alo] 4170 SF AEHE(ALOY B WA Bk, AL A
& 31914 7] %) 93 243 Pd Z410] AVALO:- M=) Pdgl

oo

2010, Vol. 54, No. 4

HEH, 2HAAIT] Sof] 743 Pd= 3t Al =2 PdA1 Y
P -

=
d AL B3t Aol 7} 9E Aoltt.

2A1+ 3 H,0— ALO; + 6H' + 6¢ (1)
Al — AP + 3¢ <faster than (3)> (2)
AP+ 3H,0 — AI(OH); +3H" <rds> (3)
2AI(OH); — ALO; +3H,0  <field assisted reaction>  (4)
2H +2¢ — H, (5)
0, +4H +4¢  2H,0 (6)

ZLejut Fig. 1 oA K= upel o] ARA-2hl s Al =3t
FHAAZIA] G Al Z1=50] FA1% 9)7F 242 -0.789, -0.795
VE 929 ¢ ¢tofl Qlom FAARF Wi o] A] 100 pA/em’
2 UAFH= A0 R Hol & HF2 U A 0 & W3t o
=-1.2Ve 3k 2Ao] Al T o) AT AHSHE-S A
71 A] H5to] AVALO; =3 A, AP SHAA| 7] A] -2
Al 2] Abstu]ubel ALOs7} AHAJ-g-lof| A &3l (Fofl =
9 &= growth kinetic ¥H-(17) FHan)E|o] A= 0 2 Abd
S Al H 53 F AT A9 Aolk. Le|uh o] F Pd 3
A0] 1.0 Vol A] 120 Z FtAFEIAIZ] M =2] Pd r 412} 37
ChE A 02 Hof-1.2 VoA AP B Al W23} $H91A]
71 2] o2 Al -2 Atsto]uto] A AH FUT Al HF o2
Holth ALOs+= 0|9 o]5-S HolS:= % ¥ (barrier layer)
FS Bho] FAlo] oA ZulrF £ o1}, Al(OH); (bayerite)
S8 Nof| 4] =3 gel e = EAsho] FA]S 7]
£ 87 37 ¢ron Astujut R ot BANGER &
=3 QIR0 1.0 Vol A 1202 B9 AT 7| 5 5-5]
7Ag ALO; 7] 9to] F/JE|o] =9] o] AVALO:/AI(OH);
B HE S A 07 7Hgste] o] 45 =0 Pd F4E
3k Al =21 Pd 7413} 91 Fig. 10f] YER ATt AFeh
& 5T Al A9 A9 Hrk BAIH Q)= (-0.789 VoA
-0.517 V&) ¢ 0.28 V 9FoJu}gko 2 o]E3}g o, Bz
2L 100 pAlem’ol| A] 2.6 pA/em’ 2 7| 7HAasEYIch o=
Abs} A o] 34801 A ALO O] Wk 3.40 g/em’, K-
2] A of| A Absta|uto] A A H Al H=2] 49 +21 Al(OH)s
o] Wi =253 glom’ o] L2 A To] Abslu]ul LA 6=
YE7HE ALOs 9| Bl o] S48 FAXF/ AT Aeh=
of| St UX]sfar 9l
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Fig. 2. Nyquist plots of aluminum electrode measured over the po-

tential range of cathodic region.
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Fig. 3. Nyquist plots of aluminum electrode measured over the

potential range of corrosion region.
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Fig. 4. Nyquist plots of aluminum electrode measured over the

potential range of passivation region.
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Fig. 5. Equivalent circuits used for the modeling of impedance
spectra for aluminum. Signification of parameter was done in the
text.
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Electrochemical Impedance Spectroscopy (EIS)

Fig. 19] Pd 418 7|20 8 1 2 VOl 4] 2.0 V Aol ol 4] &
A AFHAE 1202 52 Aol el A EISE 57451
2 ]| 321 9] Nyquist plot= Fig. 2 ~4 of YJERH I}, Fig. 2

2hl 1] Nyquist plot2 74] 9 (-0.5V) 2} H]1L5}31
, Fig. 3:& FA130} B53}k0] 7t Akl o1 (-0.5 ~ 0.5V),
Fig. 4= Atstujuto] A B = Fg-3} ¢ 91 2](0.5 Vol/d) Ny-
quist plot= ©|th. EIS $74-& Al H=rof| Aoj& A=212|(DC
AE)o] 10 mVe] AC AE-E 100 kHzol| 4] 0.1 Hz7}A] 217}
3J}<= multi-frequency 7| ¥ 0. 2 =74 3}9 t}. Nyquist ploto]] A]
el Bh(semicircle)S Q& o|A QEXRO R Zt4E
7Rt Fubprh o, A Futol A x5 W= Zrea©] A
S 28-S AH(R)0]aL AFutof| A xF32 W= Zreal©|
BN O] A MR Aslo]E A Rer) ] TO- 2 LrERdHTE
Fig.2 ~ 429 % 712 %] WHel(depressed semicircle) L0 2
el 7 o 2 Kol AFEH o] A7) 0]% Z(electric double
layer)of| 2]} = 71-8-<F(capacitance) Cat AFsta] ko] 24
£ G5 £5°% capacitance}2 th+= CPE(constant phase
element) 2 ) 2|5} 3 P -2 Fig. 5(a), AFSHY &2 Fig.

A& 57182 S 7PYstal Gamry ARe] EIS- 3003

3]
=
X
T
al

i 0 T
S5(b)<t
Echem Analyst program<- ©]-8-3}10] tf| o] E] & £33t}
CPEQ] AT A= Zcpg = Zo(i(ﬂ)_a 2 F0]Z| 1, admittance
()Z EH3H 1/Zcpe =Y = Yo(jo) o]th. & 7] A ZoLt Yo
H| A3 22 j o2 A4S 4= 911, CPE F<(power)

a+=Bode plot{log[Zme] vs. log(w)} 2] 71&7] dlog[Zmed]/dlog
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() 2F¥ G5t} o=1Y = o]AF2] Q1 Capacitance (C = Yo)
o], o = 0.50]H Ao &]&3}= Warburg impedance Z,,
a=0 0| &3 A3} R=1/Y,, L8] 1L a7} -1 ¥ 0= induc-
tance L = 1/Y,©]t}. Bode plot 2 =Fof A5} A]= ke
A9F CPE T53(0)+= 0.9 o]do|9le = CPE gL =53
capacitance= 2HAFsto] ARE-gF 4= QI T}, Nyquist ploto] H.o]
+ Hh(semicircle) ©] 24| 5 o] 85 Sh= T2 (0max), L]
Yo 9} aghe o5k MEH A C = Yo(om) S 083
softwares CE A AFs}glct.*

Fig. 20| A 1= 917} Econ(= Eacp) 15+ W] =321
A Lojuf= Hha-2 RE(5)e} 22 ehduh-g-of w2 vklo
2, 578 = Fig. 5(a)oll o3t gt 7o) RC A7Hd=(time
constant, capacitive loop)& X.0] 1 ot A=A 7 9 7
For gdps ARV 2w (Fig 1 3H1L), Fig. 20
A & 4 R0l Rers Aopzlnt. whebA] A= 1 =
RerCa= 1/(2nf) o] L2 W 0] X7 2Tk fnges A A
RS A (k)= 1/t B e Ol HIEHSFE R - 5, k[ 1/em]
oc (1/x),[1/ em]oc £, [1/ em] - ¥h-g- & =7} heha] 5 ofw| it

Fig. 20 A W] 2.E 93+ -0.5 V] Nyquist= RC2] HHI 2.

& Fakpo A -Zin= o] Wit ko] A =8 RE(in-
ductive loop)©] =% %It} o]+ inductance]] 2]3t RL time
constant F49] A1} ol Z7Jak Aghdefect, 0] &
T ol 2 AA RiAte) 9] o] o r S a= AR}
#52 of Yojuhs @AYotk mebA] -0.5 V (Fig. 20 o
EFA] = AR -0.7V) o] 4F 2] [ =741 914 = Ats}a]dfo]
A= A& Aotk Fig. 33} 4ol A A=S7917F oF ] ko
2SS AR, St 2 HHES Hols A2 A
4:9] ®l 22 (Vo)o} 22 A7He| o] 55 =7t A 7142 A7
of wet F7Fsk= 47]0] & (migration)o] ¥oish7| wiZ
o} o] = ol A HE-3-(4)7F 71 o] mm o= doju=
(field assisted reaction) ©. & 7}43}= A7 E AX|3}= FA}
o,

3] HES(2)2} B B o] Al AL (3)0] 2 of b Al
313 o] Nyquist plot: Fig. 30] epj2ick. ol 132
7F-0.5 - 0.0 — 0.5 V= Fo] Weko &2 75| et 4k
SHAF7FS7VER2(Fig. 1 3=), Fig. 30| A Rer7t sk
73 3F 3} capacitance loop 2] fina 7} 10 — 25 — 40 Hz2 5715
= Ak A x| gkc). E3F induction 1oop 2] fimex”} 0.3 — 0.8
— 1 Hz& Z7F3he Absfapo] Aol 1) 3o Ego.
2 ofuhi= Vosh & 2] o] R (migration current)
7h 27487 2 2 Aolet.

#HE(3)0 o] o] 1714e] 27]0] ake s W@k 5
2 U= H53) o 9 9] tf 324 91 Nyquist plotS Fig. 4]
LFERR S AZHSI7E 1.0 1.5 - 2.0 VR Z7h3k2 o
Sy e EE AT AOH), 4Eo] F45iol
RR@)2] o B WS G)T Whg2)9] STt 574 2

_,~ _
oo © N,

¢

e

¢
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o2 BQIT. 1 A A579]9] STkl ufet Rt dhassh
o] capacitance loop2] =77} A3}l fp= Z71SE A O R
Hlth 3t induction loop?] fna} 1.6 > 3.2 >4 Hz2 &
7}k A 082 Hof At ubl ALO;9| A A (lattice) Hol]
A = ATF=0] migrationo] 2713 A 0 2 Ho|n, o] =AY
A Atstujuto] e o] 714 A HY] flies B
QIc}. WA Fig. S(b)2} 2o 5713122 714 slo] Al

u}9] capacitance S A3} Mott-Schottky 4] 285191t}

Mott-Schottky analysis (multi-frequency measurements)

ke o 2 whE Ao} e 4o Afoje] ZHEE F
SR Abo] 2] Schottky junction '} f+AFSHA n-%, X p-3
Hhe= A of] Tste] Z42E (7)2], H (8)4] 2 -2 Mott-Schottky
PRALS A g ettt Fae] RERE QF Asuotol
=A A UErd B9l S EH= & SHEFHC)
Ktsha]ul} da o) 7 ol 471z B 713k space charge)
A3 Z(depletion layer) 2] %73-8-5H(Csc) 2} Helmholtz 5-9] &
A-&=HCro] AE = AEH 2B = (1/Cr) = (1/Ch) + (1/Csc)
o]t}. Helmholtz double layer®] capacitance(Cr)+= Eoep (Open
circuit potential)of| A LEb = A =7 9] 2] s ste]] Ftket /g
Zl o) Abslar ulo] F-7FA 3} (space charge)ol| )3 capacitance
(Csc)e 17kt AT 9ol ©J& HELR (Cr?) ~ (Csc )22
7+3}+0] Mott-Schottky 22 -85t} 0

o

=

S~

Csc” = (2/e80qNp){ Eapp - Em - kKT/q}

(7
(for n-type semiconductor)
2
Csc™ =-(2/ee0qNa){ Eapp - En - kT/q} ®)
(for p-type semiconductor)
8.0x10° T - T - T - T
m  After pre-oxd.(1V, 120s), run at Eapp
o After reaction(Ewp, 120s), run at E,,,,,
—~ 6.0x10° [ g
N
[T
V\
€
o 9
=~ 4.0x10° | .
[N
<.
(@]
~
= o 1
~ 2.0x10° | .
n
L} - n
o -
0.0 oopg a8, L L
-1 0 1 2 3

Eapp, Volts vs Ag/AgCl

Fig. 6. Mott-Schottky plot for Al in the deaerated 1 M H>SOs.
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Fig.7. Nyquist plots against the oxidation-time at 1.0 V on Al elec-
trode.
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Fig. 8. Dependence of the oxide film thickness on the oxidation
time at various potential.

Table 1. Results of non-linear fitting in Fig. 8.

Ew A B b R A Conmis
20 -17 25x10° 19 0.982(0.15) 42x10° 43 x10°
15 -14 15x10° 17 0.995(0.07) 2.1x10° 3.0x 107
1.0 -11 1.0x10° 13 0.998(0.012) 1.2x10° 1.9x 107
05 -12 48x10" 13 0.992(0.04) 55x10° 1.2x10°
0.0 -10 3.7x10" 11 0.999(0.006) 3.8 x 10~ 8.6 x 10°
0.5 30% 4.9x10° -30% 0.998(0.004)

Non-linear fitting: 8 = Ajexp{- Bt} +C, : dd/dt = Asexp{- Bt} - C;:
t=time, s : § = thickness of oxide film, nm: *meaningless data.

o] 7] 4] Np (donor, F=7)), Na (acceptor, ¥17])= A5} -4t
Ao Tk, e K53} vt

L ZE §-7(vacuum permittivity, 8.85 x 10™* Fem™), g=

6 A Ak4=(dielectric constant), g

SukA| o] AsHARFe] - 1.602 x 107 coul.), k= Boltzmann
constant (1.38 x 107 J/K), Ti= A &%, = H& 4 9 (flat-
band potential)o|tf. whebA] ()4 (8)4 oA 7|27 =5
Np, NaZ 18}, (Cse ) = 02t Eqpp (applied potential) 2 5
B Eps -3tk
FAHO R 1.0 VOA] 120% 52 ASFAIZ] A=H(EL
ZF 247§ A 120 F<t RESAIZ] ASH(E2)0llA 243
Mott-Schottky plots= Fig. 63} 2o, 7]-& 7|7} 9F9] 3
Kol 7102 Hol E17} E2 % AT ALOs=n-§ Hie
A Aolt}. 18H E19] -3 Mott-Schottky 41 2] 7]-&7]
[d(C?YdEpp]= -8 9]0l 4] 3.93 x 10°(S1), &2 A $]o]
A1 3.51 x 10°(S12) 2 5 2|4l 0] Eis= 1.24 VOJ| 4] a5} aF
o], E29] 7-9-ofli= W& 9ol A 5.5 x 10°, (1) 52 A ¢
o]l 4] 3.84 x 10°(S22) & Eis=0.59 V of| 4] x}5}9]ct. o] 2] &t
A2 FUe At dho] = F79] F7l(donor)7t &Y
(doping)¥ 7%= QAT 3} Ao o] thE =
Z5-0) A3} gto] YA QS 7 --of e @Ato] ok
oA Aggl vkel Zro] ¥hg(3)ol whet A/ Al(OH);
7} Hk3(4)0] 2J3te] ALOs = F b, Ak} ujufo] 242 W
A 9](Eis) B} 52| 9ol A= Al(OH):2F ALOs 7} &5
H 2ol oFol JAoA = ALOyE FH FehEd Ao
2 wolck. whaba] ALO;o 4] 02 ¥IA}2](Vo), A(OH); ol 4]
OH2| H1A}2] (Vo) 7} A 8h2-1HA| 2] &5h-S 3H= n-type HH=
AL Ao 7Hgsto], ZF A4 289 =5 No,
Noug} 8 Mott-Schottky 2] (7)14 71&7]+= (9), (10)2] 2}
2.

S1 = {2/ egoq(Non +No)}, for E<Eis ©)

S = {2/ eeoq(No)}, for E>Ejs (10)

B3 2 1E AOH): 2] 584 (e) 40T ALO;
A 9.0 AR8-31] (9)2] 3} (10)24]2 2-8-51 1 Vol A
1202 59 AHSLA 71 AHED) 2] 9 Nott Now7t 22t 4.5 x
10* em™, 7.9 x 10 ecm™0] 31, ZF A 9ol A 120% EoF vF-2

1l O
A7) AHE2)Q] A= 7k7F 4.1 x 10* em™, 5.5 x 107 em”
o]t

Oxide film thickness and growth kinetics

-0.5 VollA1 2.0 VZ71A] 0.5 V 7HA 0. &2 A ofE A=79] ol
A 120% ZHA o= ZA%E EIS FolA 1.0 V| 799
Nyquist plot& 2.0, 2 Fig. 70 Lhel Sick. SHoll Al 2l
3t Hk} 7o) C = Yo(om) & 0]§-310] Ak8tu] o] cap-
acitance, CrZ A1 AT8}3L, AVslu] 2ko] £ 7|(8)= 8= ee/C A&
o]-g-sto ALkt o] wf 4tetujuls ALOsE 7 sh
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o
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W app

I d=0.6E_ +2.1,R’=0.88
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Q
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£
= 0.4V 0.93V

Eapp, Volts vs Ag/AgCI

Fig. 9. Thickness of the oxide-film against E,p, when anodized at
1.0 V during 120 s.

Fig. 83} 22 A7 SAlo] dojxiny. gt A 9foA el =
A2k v A E A (non-linear fitting)S- 2)-8-5+H (11)4) 2}
L2 A A o] ARt 4 492l Ay, B, Ci gt Table 1]
BOF3HL. Table 19114, C1-2 A to] gt ofl 38k wff Ak
Shujate] FAEEER, -0.5 Ve 490 Ci=-30 nm= 2| v]
gz Zdatolth. o]i= 0.5 VoA R53E Yo7|= vhgi
e FAREgo] 2 dojur] i 222 B]lvk. A4 4t
shujuto] vhs- (17)0f] mhet gl == S8 Comf oh A
4R dd/dt= (1D} 2] vl Aol A CE M (12)4]9] %
Bj7} € Aot Fig. 82 ¥ 2 Alehujupe yehy= 4
A4 (1)of Yehubs Aleet A8 4 4= Yeldl=

oftl

il

(12)212] Al42(A, = -AB)= A 2] el x]3}a 9l 0w (12)4]9]
A4 Ay} Cy FEE table 101 8.9k}
&= Aiexp{-Bt} +C; (11)
dé/dt = Arexp {-Bt} -C, (12)

(12)A 0| A 7] RS {dd/dt)-o= A, 0]l Fig. 83
FE A2 A9 gE2 (1A n]Este] 2 A, = -A B 3
2 A TS EREE & 4 ook A Asta]ute] 83
2= (d5/dt} = C, o]t} whEhA] (12)4]- Macdonald 50|
Aokt PDM (point defect model)a} A %] 51X 1L, Table 10| A
Sl gk a9 BI7E {CY/AL) x 100 = 0.1 ~
0.24%2 ]2 2o o g 2a&r S A5 Verway 7} A
oFst HFM(high field model)ol| &= g5t} ’7*

1.0 VO A] 1202 E0FAFSIA] 7] A=-S AVALO; Ao &
7H438}e], o] Aol 1| M HaSOs04 Aoj& Z9jof w2
EIS-data® F-E] AF=3E 3| uto] 2A|E Fig. 90| et it
0.93 VE A&t A2 & 71719 Hol= A2 75 (3)
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o] 0]0] HKS (47} 16| LFEL2 ALOsSH AIOH); 7} E-2517]
&0 & WOl =0 HolAdsE ALO 7 & 2 AAE A
o3 § — 03 2IAT5F0] ZTH-04V o] ko] HSlol A
S (@7 Lol 2 Ao,

AL B7] i 5.9 Foll A Fe AVsha] kg @4 ahul,
4913} 3 Ho) A AIOH), 2 EAJsLE 17 e] £&
O 2 S (4)0] oJ5te] ALO; 2 H3}Sk= A 02 SroflA] 7k
kit 18] il Fig. 9] A2 RE AT 9)71-0.4 V o]
ol ALOE EA S Z o= 7513l o, Fig. 602 K.
o -8 WhE A 2] 472 o] LrePtl. weh A PDMS 2 gpe
AV/ALO; 2} Al Os/Electrolyte 7 A] Hol| 4] 2 oj}= ALO; 9]
I B 22 A (13) ~ (14), 4] (15) ~ (16)9}
o] ot ZA0Ieh. 4] (13) ~ (16)2] 7] FOA Al =
metal-matrix QFo] Q1= Al-F R}, Aloxige= Al,Os-matrix Q1]
= AL Y7, Oforide = ALOs-matrix 2Fo] Q1= O-7}, Vi
= ALO;-matrix QFo]] 21+ Al9] vacancy, V= metal-matrix
obof| 9l = AlQ] WIA}2](vacancy), Vo' = ALOs-matrix ¢}Hol]
Q= 09] vixkE] ot} ALOs-matrix 2+ Q1= Al 7O 2] ®l
Ae) 27} ool £} Lol &.9] Wlake] o] B2 33} +29] A
3h2 E7)5keit

AVALO; - A7)

Algmean T Varw — Aloxigo + Var' + 3¢ (13)
Al(metaty = Aloxidge) T (3/ 2)Voo + 3¢ (14

AlLOs/Electrolyte — 73 7|

Al(oxide) — Val + Al(aq)3+ (15)
Voo + H,0 — Ofoxidey+ 2H" (16)
ALO; + 6H™ — 2Alug" + 3H,0 (17)

Hhg (17)= 57k 5H4] §afink-g-0]aL, ¥ (13), (14)
2} (15) ~ (16)%= AVALO; — Z Ao A A== Vo "9} ALOy/
Electrolyte — 7 Ao A A &= V' 7 A& whcflgko 2
olFslo] A& Hhgolth o] m Vo' e} Va'e #s}
(charge)E zH= EZolm & shik(diffusion)® ofu g} 7]
ol o]&Esh= %1 7] 0] & (migration) 9] J3Fo] ZHEE ALO;
O] AL A7|Ae] =20 2 Qlojif= HE-3(field-assisted

reaction)©|c}.
g8
1 M A G-olof A LA 79 Wl (potentiostatic method)

©.2 ALE %} AF5HA) 7 A El= ALOs = AOH) 7} 44
& t}3-¢f field-assisted dehydration®]] &]s}o] AJA] =] ) O



386 AR

o|FA wh501xl ALO; Tt o 2R E AL EIS AHAYE
Mott-Schottky 4] of] 2-8-5}of ALO; | =fo] n-F BH=4| 2] 4
S 7HA AL Q5= & = AT ALO; Ao FAIE 54
sho] AA| 4445 4] (do/dt = Asexp{-Bt} -Co)& B2 2l
Rom Lol nA= A=5791e] GFE ARSI
ALO; o] A& A} H=79fof] tf ¢t o S == E
ALO; T 92| A2 point defect model(PDM)Z2 g st 4=
Ao PDM = 4-8-5k0] ALO; 1|9fe] % kg5
AlRFBFA T Al of 2] 71A] Ak} ool A d 2] ARg-El= 2
|7t 2 =-o)7o thE oA A/ El= Atst wj o
et At Zlege Aok
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