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Abstract

Compact oxide films were formed on Al in a neutral borate solution (pH 7.4, 20°C) by
applying a constant potential of 50 V (vs. SCE), and then they were immersed in twice distilled
water or a 0.001 mol/dm?® chromate solution (pH 7.0). The composition changes in the oxide
films before and after immersion were examined by X-ray photoelectron spectroscopy (XPS)
and chemical analysis, combined with chemical sectioning of the films in a sulfuric acid so-
lution. After a 3 day immersion in distilled water the outer part of the film contained a three fold
number of OH ions as before immersion, and the film retained only 30 V instead of 50 V. The
concentration profile of electrolyte anion (BO,7) in the film remained unchanged, showing that
the deterioration of the film is not due to dissolution and reprecipitation but is caused by
hydration of the oxide. It was found that the hydration is strongly inhibited by the presence of
chromate. XPS and chemical analysis showed that CrO,*” ions are adsorbed on the oxide
surface to form a monolayer, thus hindering the penetration of water molecules into the oxide
layer.
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99.99% 7 Al # ( lemX 3cm, ¥t &) #, 70% HCIO, 220 cm® & JkBEEEE 780 cm® MR &AW
(13—15°C) W, EHRBE1A/m® CEMBMBELAB L L2, Zoa8% 0.5 mol/dm® HsBO; —
0.05 mol/dm® Na.B.O; Kizawe (pH 7.4, 200C) I2F L, L FAFZBTTCI0A/M* HD—ET /—
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SO Rt BERREAT AL T t ) Table 1. Photoelectric cross-section ratios
HaD Cls DAY PLEETH Y, H > measured for standard samples.
TmE B L Eﬁﬂ’gfﬁj WTENE B, K Sample 0O/Al olO 18]/ o[Al 2s)
bt no/nn ’S:Tgr i3, AT P A niRE 1. ALO, 15 1.94,
e By Iz, ‘)1[:4' T AL EEO M, on/ 2. ALO, 15 1.95,
oo, W UE L v, F Z THE BRI O WA » 3. ALO. 1.5 1.88,
LofbathEHGWT, o (0 1s)/o (Al 28) B L 4. AIOOH 2.0 1.99,
o (Bls)/o(Al2s) nfiz k7, DR 5. AllOH) 3.0 1.89

#Table licRT, TN nfEE B3 &, BE Average 1.936

rage *
109 LLP3 CHe WAL & S C % 2, (9% probable) - £0.101

Sample B/Al olB Is]/ oAl 2s]
e e by

3. RERIERE & URE 6. Alborate: 1.0 0.459,
3. 1 7/—FB{ERBOER 0.457,
Fig. 1127 /— FEULEE OB fa OB a1 D2 20 xi
S LB EE T, o —EOHS DS * A
& B EILERT, ¢ E DD Stagel T s A, 120 0,431,

HY, Zo Stage TIZEMIT le & & HIZITITE
Average 0.449

ﬁﬁfﬂ"]ﬂliﬁfffﬂ‘ L, 1.8min T50V (VS. SCE) 2] (99% probable) i0.023*
T A, g BASOVICHEDE i t, & *Calculated by using the t-distribution curve.
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bRk IIZT /— FELE RS AR E
bt A, 2 BIZEE K E 7213 0.001 mol/dm® Cr
(VD) EKER(pH7.0)ic 1 ~ 3 BMEEL ¢,
FOFELOBEZWMAERIC L 2 BILRERIC L » T~ Fig 2 s L Fig 312, Bi{bEn &
WOT J— FEM OB Ea— - B 28T, BEERBORB L EI2E, 50 VoO—ERE
MEEZ TERRCLEEFZDEEHETEIOTOIA/M OWMPERES 22 L8 T50
ViclERT 2 (Mo 0day), Lo LEEEREZITL » 725003 d 50 VICEEL e % 9,
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IR E WA F N LRI B DREIVNE (i B,

HRKPDEBEH NG, KED AP 4 F o 05 aiTh-28 25, EDEEL AP 44>
B EoaK B EN Lotz FLRETHENSE LI, 70— A A > DEEII»DDHSLT,
REEBROBRICBCTEEPIZZIND AP A AL BEEL G- 72, TNEDEED L,
EENOEROFEIELT 200, BEIEHL B L0 TIa%{, Bt kKEE
HEILTEET LD THLEEZLND, 79 X— A A h, ZOL) %KM LBEEN
FUEIHTEHEEZEL TR LML THD, 70— 5 DEEIZL ) EBEEL
DETHNEC L B &) EROHES & —5%T D,

Fig.1 Time variation in the anodizing current
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Fig.6 XP spectra of Al 2s, B 1s, and O 1s ele-
ctrons for the specimens before the
immersion experiments : (a) before disso-
lution, (b) after 15 min dissolution, and (c)
after 60 min dissolution in a sulfuric acid
solution.
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BO, OWTHEL TWwd EEZLNS, Table 2. Binding energies for various
Fig. 713, BEEBRFTOREIZSWTE 5N standard samples in eV.

REBERNOO/Al B LU B/AlE LD BESH Al 2s
MOEL%E R, OFMI I 2 (LS i g L 7214, Al T
KELTENE FRMELLHERTH), O Al, O 119.3*
FORMETE Ar4 A - Aty F—- 2y AIOOH 118.9*
Fr 7zl > T 0.5~ 1nm B vz EEE L Al (OH)s 119.0* B Is
AR H B B/ALZ DB TIETH ORESHE B amorphous) s
B EnEFIcBWTL R T 55 0/Al NaBO. 192.7
2oV TE, EBONHOER T %, B0 192.6
=AU, AR IO PRI OERSIE, ALO; 12 HEs %;} 1?2
TEWHBRIZ > T b D1z, (LEER % kammm L83
Lo TWAEWZ, RED I CHWEHI KIS

Cr 2py2 Cr 2py2

ATLEw, R LTOH LT 2RFN
BESRILIND 2O THD EELLNE,D O 574.3 583.4

o T, 2y F > RS RBOWEMDT "0 o o
r 3 6* 2t

$ ) FE NE AR B fise )
AHLEL ENEBEMMELEL KL T3 CrO, 579 6+ 5887
NERLTZENTESL, REFDO/AIBL ¢ o0, 579.7 588.8
UB/Al = NVEAELTHEZE L Z40nm D K,Cr0, 580.0 589.1

Ald, Fig 5t Bl o RN ZAL T 5L Uncertainties are to within +£0.2 eV, except ,
BRAHET 5, ZHUICEEBROEEAILEE)  (£0.4 V).

WO ENNEIEBO A A 2% & A, &

R DB CARIIABOEFLUT L2 BO, A 4> 2FA TV WI EERL T 5, KIC, &
BkB Lo Cr (V) HAKERICENFN 3 BHEREL 238BHI D TR BEOBR S T O#MBZE
PR (Fig. 8 BLU9), wTrIc D0 Th, RERNOKRVEEA 4 > 0iRES AT ERIRE
DEFN TREFINOENE—HT B, TLNBNO/AL LITEAEELL v, LL, HED
O/ALIZRE L H WEHAICHANKRE ), ZHEEBKICERL 2BAICRCEL Y, KERD
RN (O/Al 8L B/Al) BLUEMNXEZEEL T, NMNEB LURBOFHEKEFTET
Lk Table3nk 52 d, ZOEP LWL L I, HEKPIZ3 BMRET S &, KED
S AOKFIBUG ##2 2 LT OH™ A 74 > &»RERIOK 3HFICHEM L, £OMEAT )V 2 1 KA
MNEWL DIz b, UL, Cr (V) 4 4 > 35T 2 LARKMREEZE L  #ifl & L OH™ A
2 BIZEBEBTD 30~40%8Ic & K E B LU ENL G IS, BENEVEEND BO:™ 4 F > DIRE

Table 3. Composition changes in the film before and after immersion.

Quter part Inner part
Before AIO).26(OH)o2s(BO2)o.re AlO1.42(BOso.ass
mmersion
giiiej fvzytzrm AIO, 5(OH)o.15(BO2)ass AIO, 4 (BO)sos
After 3 days in AlO, 2,(OH)o.sBO a4 AlO, . (BOoor

chromate soln.




110 GHFIERE - AMRRE) - SR - KL 8

A & — IR %OO%E@OH A BOAHSHEINT D &) 2 EBENHILI B D
T E— 1}«7&(&@\71_’1 LA LTI, KOBE AL 5 THEBELSMUD S22 KA S
TWL 2 e v HE %waé 70 A=+ A F APz BT s EENNED OH 4 4 » o
FBEAZTwhEV ) EREBE, B (3. 2) ora A—FDEBEOFILE RS 2 L)W
BT HLNDTHS,

3. 5 JRLEAFOIERBE
Vbl oz, 79ifBA 4> 0Ezns
Ml 2hs, Yk ) wBEIC & o TRFIR 500¢ps
BRI 2 0h BB 7201z, B RO R (@
FOH 7 LDERERES L U Fnid XPS B
L EEGITIC & » TR~z Fig. 1013 Cr 2p
DXP 2~7 bt (a) 3 Cr (V1) 3Gz
EIEEREE 3 HRMRE L 2%, Fokd TokEEL
TREBIMELLZ LD (b) Z20uk % WMWMMWMWVWM
H,SOs i T I min{lofim il U ¢ & 0 B &
Ilnm & & DFWLFHFHELZLDOTH S, - S
(a) ®2~7 } g 580.0eV (Cr2psa) & 578 gngm@fz/ 590
Fr588.7eV (Cr2pan) ICE—75H 1), &
o) K (Table2) &2 L GFHT Fig. 10 XP spectra of Cr 2p electrons _for the
BYEAGILE AN CEN) THAZ Lachs  deemesshrddosmmerien s ()
5, XPS o#iEyp 503, WHCr (V) /14> dissolution and (b) after dissolution for 1
R % KB4 5 = & AT & v ps, zl;gg%xm: min in a sulfuric acid solution.
T (pH7.0, iR, Cr(VI) 44> ek
001 mol/dm?®) i3, Cr(VI) /1 433 LA L ?(??IS’J)‘ sCrO° £ 7213 HCrOy™ DI Tt L €
WAHEDT, KBEHEICHET AILFHLZINLDBEZ - THwELNEEZ LN L, ZLUIH
L(b)dzx7 AT Cr2pb—795%aiziEil TL v, XPS OREN S BT, K
FH2L1Iom L NBECEZAHICEREEL 70 LTHEEL LW LR35, BEEREITE 72
B 5 (AFHERE 30cm?®) % 10em® @ 0.5 mol/dm® H.SO. & (60°C) 12 bmin #& L T
MEBLzHHBL, FOFFC 7220700 FERICE->TEHC (V) BFKdz 25, Cr
(VI) =0.43mg/m?*=8 27X 10 mol/m? & % 7>, #-2TCOS A 4> 5FTES 25X
107%em® 295 &, REWHERIE1.24 &% b, BRIIERORROT TR - 77 75—
11~1.27%0T, CrO& A A (3 sRRN FIC BT THEL Twiz 2 &ick b, L L ofs
i, CrO8 A 7 > [ Hor T8 TR L B BRI U)MIL/C& EHROKGTORAZCZ Lk
DREEDHILEFHI L T b RS NS, ., BuB bR BERTERET 235412 20T/
ENTwieral—FDEHEELEINT L0 L 0w 2 5, Wood 531 SIMS # T, v
BN ETL 7o X — 44 2 BENIZEAL T Al T#EL, Cr ) 2 HEKT 2%
EHEL Twby, ZAREFOROCLBILEEIFHI RO SN LD ThH- 727200, Hbv
13 SIMS DHIERE AR T X270 Cr B BN ENMBETLRNEINE Z itk L%
2655, WTZE L, BE7 9 A PEEOBAIZOOCTEMBE AT E, 25N R
FOWETHS .
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