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Figure 1. Schematic model of porous oxide film formed by anodizing aluminum.



FEHDIITNETOFRICE T, il EfE L
FCThHHI =TFRa @ 2 W7 ANI=T 50T ) —R
BRI BT 22 B TL CE 7=, =2 F R gy ) —
RERLIZIRBWTIE, FFEINDT ) — R L= B I
BB, RV v\w—%zxﬁ;ﬁm%%@%o@ .
ZOZF R @R EZ R LT T A =7 LaUEHE
it 72 )65 ﬁ;aiﬁfa%iﬁfﬁziﬁ(iﬁmfwr?wk{z{&)EP
BOTHEWIMEMEEZL ST ENYIFFTE5, Eak 31 4F
JE (B RITTAEE) OBIRAFFEIC VT, ()T AR=D A
A =T R e KR TIRIEL T/ —REgfb L7
SNVD, R —F ARG O 2 B s KOV O ki
ZEEICRFTT2LEBIT, (2R —F AR R ORI FLA E]
U, Q)EALT MY 2OKEHR I8 TR O PEA 5%
B 2HH T L I=0 DRI O BRI IZHRER L 7=,

2. IRAE

BN L CEARAFEE LM 99.999 W% DT L=
Lz Wz, TV =0 A5 99.5% 4 ) — L (5
) ITRE L CHE TR % 10 min 1To72, Z0t%, #
TR 2.5 M NaOH (333 K) (2 5 min i2 & L CTIL20F
EEAT-T=Db, 4.0 M HNO; (ZER) 12 30 s IR{EL CTT A
<~y MLUEAE1T o7,

AR OFTLIRAAT S 727 V=7 25 EE 0.2 M =F R
g (1-eR ey o2 -1 1- DR AR EE, 293 K) 12
ELUCEBRT /—FE&{EE 120 min {7V, 7AI=07A4
IR =T ARG A R LT, OB, v Va— fEihE
EHWCT /=Rt d 27 A= A£ EHOHFEZ 10
mm x 20 mm IZEE LT, 7/ —RFBLIZIB VT, ki
ELT Pt AR, 7 3T I RE—F—% U OKEE
WREHR L=, OBbOMEMEREBRICHNDZ91Z, 0.3 M
Tl (293 K) 2 W CIRER DT/ — RERL A1 T\, #URLHY)
f&f’—ixﬁ”ﬂiﬂﬁ%ﬁéﬁiLko 7 /—F b0t FE
ZUBIEZAR R /KIZ 240 min £TRIEL, R—F AR HED
ﬂ‘/n’:ﬂi?L%ﬂ‘E‘Lbfco

R —F AR R T VR = SaloBh O ifi A 14 2 A
T BT, BB 3.5 W% M LT R LK
% (298 K)IZIRTEL, T varsy b VTl
ZHE LT, iR OME 2BV, Rk
B77I7T ==V HIREL, ZREMEL TR
KCI-Ag/AgCI FE A, xiiE L CPtEMA =, £bh

SRR — 7 e VSRR O AR it 2 )
ETHIEIZEY, R—F AR ZER LT NI =0 K50k
Mt A A REm L 7=,

AR U Te AR —F AT AL B N0 T/ TR 2 B8 S o 7
B T IEMSS (FE-SEM, JSM-6500F, JEOL, Japan) |2
FOBE LT, W OB I BV T, 7/ —REE bR

B HERIOLC 90 EEIT, E@ﬁbf:ﬁ&ﬁﬁ%@ﬁ%bfcg
SEM BLEZORIIZ, ~ 7 Fbms 2 Sy it [Tkl

HZEEN: Pt Baa—T 107 Uiz, B R EEORE S
1% X BRIE4T (XRD, XpertPro, Phillips, Netherlands) (24
DIRIELT,

3. ARBEREBE

2 1%, ALZEFBEL 7= 7 A= 5ilEE 0.2 M = F R
EBRAKYAE (293 K) IZIRHEL, 10 - 40 Am? O E BT
J—RE&{b%E 60 min {77250, BIE—FEF R Z R
TUW5, B ENHEAMT Y 10 Am? 2B W T, &
JE AT CELBRADICHE R LT 200 V FREE DR R 2R L
7=0h, HFEALTI50 VEEDOEFEEZRLTNDHD
LINDND, ZOIXIREBIEDOEIT, TAI=DULDT
—RE(LIC 1T AR — T AR b Rz 500 #URI ) 7o T Rl 5
gy, 775NV — EEOE I LD EIEOH K,
(2)F AL DO A A KD MBARAE L F5 T DIk, isoto“(s)
TE WK —F AR R DT AR B — ﬁtb’(b\é’)o zz
THERTZE, 7/ —FBEEBEEOES THD, 18
TEMTHWLNTO DR E W=7 /—K Mh
WL, 7/ —RBEEEILEm<TH 20 - 25V%}ff&>é
TEBHBINTND, B LITRUTZAR — T AB 550 /3 Y
—JBOES () 1%, EERT /—FBLIZB W THIES
N7/ —REBALEBIEICHAIL, LLFORICEvEREcx
BT ENERRINHED DO DIV TN,

op=kU, (2

ZIT, U 137 /—REBEEIE, k 1XpilEE Cmkic
Lo THVODENRGHHN, A 1.0 nmV R E DA
T) TH D, Tbb, WEROHEET /— R biZk0 Ak
T HR—F AP D N —J&1% 20 - 25 nm FREDOfE
ZHLODICHL, TFRu gz VT 10 Am? OE B
T )= REALEITHZ LI X0 AR 53U ¥ — 1L 150



nm BEDEIZLD, 6 521 LRV, itz MW TEE
JET ) =R (bR AT, 7/ — B b I 5 2 e
FIDAEL, B2 R — T AR A kT 52 L3 T
2N, L7230 T, Wifex AV CERR T DI AR Al EEAR
BBIET /—REL, T7bb A —ERE VR —F 2
BZ D k%, =F Ra RIC > TR AITEM T HT
EMWTED,

WIZ, B EZ 30 Am? LU CRIBED =F R g7
J—REALEATHE, WIFIOELMAEIX 270 V R, &
WX 210 V RE LRI R LU, 2, EiREE
DRIZE S TERLT VI=0 AORE DS ElF E S
T2 Z RIS L TRY, #EROREET /—RiRbizk~>T
BNV —BITHARATRET 10 EREDESEL
DN —F AW EA TR CEDHZEN b ->T-, — 75, &
FBEZSHIHERL T 40 Am? &358, MREE) S
DK T#%, BT ORENE Lo R — 7 BEA L AEL
7o ZOT /—REELEEE B BlE 5L, BkERmEIC
AR —RIESOB LN BERSN, 20X R
— IO IL, 7/ — BRI RBAET DY 2 — L E
DRIZE S TR IR R DA T 7o Z 812 8D Tt
FIDRAELT 2D EBZBND, B 2 KD, TAI=D L%
TF R FRK IR A ICIRTEL T30 Am? O EET /—

RERLEATHZEITdD, 210 V OEVVER EEEZTHIEL,
JENAY Y — @At DR — T AR R AR CEH LN
ot

B 3%, =F R g4 v T 30 Am? D EERT /) —
RER{b% 60 min 17572 50EH O£ i 33 L O i % FE-SEM
ICIVBIELTEBEEThHD, R GEEZBIETHE, ~17
A — /L D H R R E 72 W A &2 S DR IS, i
72 ) A — VAL N RS AE R L QO DR - 3B ER
b, ZOXH7p~Ara2r— Lo, 7TAI=7 5
B NaOH ZKIAIR P ITIRIEL TIL A EE 21 T 72 BR,
TN LRy F T ENTZTDICAEL LD THY,
It DT ) 2 — VUL, 7/ — R L DR —F A
AU R D A BRI 95, Z OB OHEWT H 2Bl 5
&, BT u A — )V DEREES DAL )
BT NR= AFEMUITAERL TNDEZERNDND, LA
FNZoY I 7 8 DR et idd EOBERS N, ME ML
DILEERIRLHIEL AL CODER - 0MBlE S D, FT2, AL
DEENILLEERIR DR Y — O £ R 3B B,
N R AY BN % RGP ISR LT L2 A, ) —TX
BB O EE NN T L I=0 AR EIC TETNHIE
e LTz,

400

2 H
3001 40 Am2 (burning)

200

Voltage, U/ V

100

0 1 | L |

0 10 20 30

40 50 60

Anodizing time, £,/ min

Figure 2. Changes in voltage, U, with time, t,, during anodizing aluminum in a 0.2 M etidronic acid solution at 293 K and

various current densities of 10 - 40 Am™ for 60 min.



Figure 3. SEM images of the surface (left) and the fracture cross-section (right) of the aluminum specimens anodized in

etidronic acid at 30 Am for 60 min.

X 4 1%, =FRas iz DTV ERLL 728 — 5 28 f il
TERR T A= 53K XRD [EIH1/ 37— %Rk TD,
38° 1T, 45° fHTBLUN66° FHTIclESnSY Y —
TR =1L, FHOT NAI=0 A EREICH KT HE
DTHY, T OMIHE FPEDOE =2 THIES IR EN
Db, —J7, 200 ~40° FHEICHT T, FBen e iRl &
oo 7 a— R — I NHIESND, ZIULT BT 7 A
HEEICH KT HLOTHY, 7A=Y AREIFETD
=T AR W T VT 7 ADBEALT VI=0 L (T AR
P)MBIRDZEERLTND, fEaatEDT VI F LT R
D, TENLT 7 ADT AIFTXHLEEOMITEHFRTD
7o, TAR=U AREDI—T 427 TEEL THEMRIIIZEH
BNLZENTRIND, R—T AR AT V=
LR BB AR B K I 240 min i2IETHE, LA DK
FIRUSIZ XS TRFBAEL, R—F AR R D) A
= VRIS E T BTz,

TF R iEEB L OEROREEZ - CHERLL 2R —
T AT RAY B2 B0 R B 2 AL B 7 KRR L2 IR
L, 7AI=0 LB O &2 RE L7z, 22T, 7%
SV ARBICHR T AR —TF AR EEOES TN T
10 pumIZFR%E, WBIE AR KA W= SR O D 52
B kit LT, 51, e 07 L3I= 53 EH 3.5 wt%

HALTF NI BOKEIR (298 K)IZIRIEL, SRz 0
L7cbDThDH, ZZT, CP ML FIEDH DT NI=
A, Sulfuric 1 ZREEEE AV CR—F AR R A TR LT T
V=17 1, Sulfuric/pore-sealing (%% DalEH B FLALER
L7z 7 V=0 A, Etidronic 1Z=F o s VT
R—T 2R FEa kL 7-7 V2= A, Etidronic /
pore-sealing 3% DFBHIE LA L 77 /LI=7 1
ZRW iR A R LTS, £72, Zhb0s iR
ZHWTE—7 o VAMEIEIZ ZORNE LT @ BBV (o)
wF 1 TEED T, RIEATERL TOZRNT L= Lk
BFREIZITES 3 - 5 nm FR D B R ER b R R L T
WDD, ZOD R BEIEZH D R a3 To 7= 43 ik i i
(CP) DRI FE Sl K &L, JE & 9.57 x 10°
Am? DR ERMEZRUTZ, ZOREHIREZ VTR —
T AR B a5 & (Sulfuric) , /& &5 FTIE 3.40 x
10° Am? & 2 Hi/h&<ipote, ZhUE, 7R=0 LFEHIN
=T 2B R EEBICAFAE S 2 )Y — @ 12 k> THEAL
FRID LAKESHEOIRTHI, TR A EL72720 T
oD, ZOFREE WIS AR R K PITIRIEL CEFLLER AT
& (Sulfuric/pore-sealing) , J& BB IRIZSHIZIHT/hE<7e
57T 1.87 x 10° Am? Dtz /RUTZ, ZHASBUIE— AT
WS T DR B O R FE il ThoD,

W2, EEHEONRH LT Rer @z HnCrii=
U LmT )R LIZRE OB R ER A E T 5L
(Etidronic) , icor = 3.28 x 107 Am2 LIS, FilEE AL



T T T & T T
VAl

A
c
>
£
8
=
L]
Z v v
E _’/—\—LJ

L | L 1 " 1 N 1 s 1 '

10 20 30 40 50 60 70

Diffraction angle, 26 / degree

Figure 4. X-ray diffraction patterns of the aluminum specimen covered with the anodic oxide by anodizing in etidronic acid.
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Figure 5. Potentiodynamic polarization curves of the aluminum specimen after various surface finishing processes.
As-received specimens were chemically polished (CP) and then anodized in sulfuric acid (Sulfuric) and etidronic acid
(Etidronic) for the formation of anodic oxide measuring 10 pm in thickness. Finally, the anodized specimens were immersed

in boiling water (sulfuric/pore-sealing and etidronic/pore-sealing).

Table 1. Corrosion current densities calculated by the potentiodynamic polarization measurements in a 3.5 wt% NaCl
solution at 298 K, which is described in Fig. 5.

Process Corrosion current density, icor / Am?
Chemically polished 9.57x107
Sulfuric 3.40x10°
Sulfuric/pore-sealing 1.87x10°
Etidronic 3.28x107

Etidronic/pore-sealing 3.18x10®
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Fabrication of Novel Corrosion-Resistant Aluminum Covered with Porous Oxide
Film in a NaCl Solution

Tatsuya Kikuchi
Faculty of Engineering, Hokkaido University

Summary

The formation behavior of the anodic oxide film that forms on aluminum was investigated by galvanostatic
anodizing in etidronic acid, and its corrosion resistance was examined in a 3.5 wt% NaCl solution by performing
potentiodynamic polarization measurements. The aluminum specimen was galvanostatically anodized in a 0.2 M
etidronic acid solution at 293 K, and an amorphous porous oxide film formed on the aluminum surface at lower
current densities without oxide burning. The anodizing voltage increased with the current density, whereas
excess current density enabled the formation of a nonuniform oxide film due to burning. The nanopores formed
in the porous oxide film could be sealed with hydroxides by immersion in boiling water. Corrosion-resistant
aluminum with a measured corrosion current density of icr = 107 Am™ could be formed by anodizing in etidronic
acid. Moreover, highly corrosion-resistant aluminum measuring 10° Am? in the corrosion current density was
successfully obtained by subsequent pore-sealing. Based on these experimental results, the coating of the porous
oxide film formed by anodizing in etidronic acid is a useful technique for corrosion protection of aluminum in a
NaCl solution.



