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Abstract

The passive films formed on iron in neutral borate and phosphate solutions of pH
8.42 were investigated by using electrochemical and ellipsometric techniques. From
analyses of iron dissolution and §P-8A curve during galvanostatic cathodic reduction
of the film, it was found that the passive films formed in these solutions consisted of a
deposit layer next to the solution and a barrier layer in contact with the metal. In
borate solution, the deposit layer was hydrated iron(III) oxide at relatively noble
potentials and hydrated iron (II-III) oxide at less noble potentials. Furthermore, the
barrier layer composition changed from iron (II-III) oxide at potentials below the
Flade potential to iron (III) oxide at more noble potentials. The thickness of the
barrier layer increased nearly linearly with the potential. In phosphate solution, the
deposit layer was of the same nature as that in borate solution, but the barrier layer
always contained iron (II) ions with the mean oxidation valency Zr. =2.33.

It was also found for the passive film in borate solution that there was an iron
enrichment or depletion at the deposit/barrier interface and that an adsorption layer of
OH radical was probably formed at the doposit/solution interface. However, no such
adsorption layer and iron depletion (or enrichment) were found in the passive film
formed in phosphate solution.

The results were explained by assuming an anion selective property for the film
formed in borate solution and a cation selective property for the film formed in
phosphate solution.
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Fig. 8 Change in amount of iron dissolved during
cathodic reduction of the passive film on iron.
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Fig. 10 Change in amount of iron dissolved during
cathodic reduction of the passive film on iron.
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one honr in a sodium borate buffer solution of pH
8.42 and reduced galvanostatically at 6u A/cm? in
a sodium borate buffer solution of pH 6.48.
Broken lines indicate the theoretical cathodic
dissolution for y-Fe,O; and Fe,O,. Arrow marks
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I UBEEAOEE AT T L L 5, Fig. 13 cathodic reduction of the passive films
o I ° formed by onehour oxidation at +0.845V
1ZpH 8.42 Dy viE IR T0.845V T 1 (S. H. E. ) in both boric-borate and phos
RREIERAL T 7 — VEL U T L EED phate solutions of pH 8.42. Broken lines
I o indicate the theoretical cathodic dissolution
Wre- = Qe BB TH %, B3 pH 8.42 D for Fe,0; and Fe,;0, Arrow marks the
R BERER TR & TAR LU EED complete reduction of the film.
3 T T T T
WF@Z“QC @LM&) XD%”)’@THT\‘LVCZ‘DZ)O Yo o il ‘ I pHB.42
. " . stationary film )
BRYE AN TR L o BB D Wer — Qc BAE l o B Sorote
BmODREHAR AL DERELED, B g | TS Oxidotion 0845 ¥ -
WA EHEY LD L b, TS
<
Wree-— Q- BhBF & Wl 5 &, V vEEBK &
RTERLCERCREE ) 7 -Bo 2L .
BRI A v BEEE S TERL KR
DNAHEA v DRZH H LR E S
Td b i, 351, ZORBICELETY o 4
ammis W voum— | R —
0

WO I DI < s L ORI %% 5 F— 2 n
8P = P— P, /deg.

OO OBEHALED il IhbD
BRSBTS Fig. 14 Change in ellipsometric parameters, A and

HEGETEE AR —THL 2 E0DELT P, measured by a light intensity-following
AR BEORET7 =4 v OEC L 540 method during cathodic reduction of the
Lo passive films on iron in a boric-borate
LFERL D, solution of pH 6.48. The film was formed
Fig. 1412 kaRk & H~—%< T AR L o B at +0.845V (S. H. E. ) for one hour in

both boric borate and phosphate solutions

DAY~ FEILBBIZE TS SP—0A i of pH 8.42.
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Table 1 Mean ionic valency for iron, optical constant, thickness, and
oxygen excess at the deposit barrier interface for the passive
filmes formed on iron by potentiostatic onehour oxidation at-

+0.845 V (5. H. E. ) in boric-borate and phosphate soluti-
ons of pH 8.42.

mejcm ionic valency optical constant Thlckoness Boundary between
pH = 842 | of iron Zec (A barrier layer and
b. L d L b. L d L b.1. | d.1. | deposit layer.
Ph no iron deficiency
osphate 233 5 o4 2.50~ 2.20~ 18 3
sol ’ ’ 0.351 0.14i (no oxygen excess)
BoricBorate 2.50~ 2.20~ iron deficiency
sol 8.00 3.00 0.301 0.101 22 26 (oxygen excess)

Th b, B ) vEREEE T CAERL /BB D 6P— oA Biid oD i 5 QY b DE
ot Wre— Qe BBFORR L LVWHISBEFRERL Cnb, LEDBONIER1 D, W
L.y 7 —BoYEER B4 VRS L ORI MBI TER L R s T
LCRLIcos Table. 1 Th %, oo 7 =4 VI X ATBRERIE~OBENRTD S, BiC
AN T - BOMBSAKELSRIL S TWD T Ebh b,

Fig. 5 itz nb0ERY S LI L CHEHENK, BHER L UEBERNT =4 v ol s
RLTH D, 22 THh, HERDT =+ vt —v = HFoNHELLE LTS DT,

IDXAE, T4 VEICL O EEERE L UCBEEN PR IND LN LT o, T
=T, UTrEse s oBfaE 2 Thb,

WESH™IC LB E, BoWBYE GMo& KBy 37 =+ v B ThsH EHmES T
He LML, ZOWBRYECY vBA 4 v HBREIFLE, INAT =4 VEAERLHF A
BREICELL I ENREDOWE Tl —T, Ok

PR B 4 Y A RE ST, THET =4V EBET S e sl koBLDL
%éobtﬂof,mv@ﬁ%wmfmﬁtt7:fvﬁ@@§ l |

D BT EE P A OH 1 o * 4 & L TR % 288 5 yé\ /e
L, YV vEBEBE R TER L Ioh F o4 v BB I T I L]

Max Fer 44 v E s U TIED DV IBET 5 L Bbil b, } \
Fd ., ) B L B 2 oA 4 v -BL—-0L— '*b*mﬂ
o> BT (2 i BB ALl D) o, A o BRI R T i

® F 2+
WU T B 2 A 4 2 RROEE G Mo @m0 | sl s e e
OB b E % b, Fig. 16 (LR <L L o ‘ L
Boric-Borate Phosphate

14 v EBHEOHEA BRI LICL D TH S, . o
) o . . Fig. 15 Schematic depth profile
3.5 ETUEOk 1A rAHs (N for iron-oxygen ratio and anion
B0 4 v BEHO B < ADERERIIE L Tiow A, in the passive films formed in
. . both boric-borate and phos-
ke, - > - N > £ A~ 3
TIERDEOCHERD ZLHTE LS SOBAA VOB e lutions at +0.845V (S,
hirmEEE/ A Am TR ORIGETOH S o h A0 RERE  H E. ) for one-hour.
*HBO; 44+ 12 OH 1 7 v L k& foed, OH o v 2MERICIRED 2 - 3BET %,
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Phosphate DERI LB L0 L Bbnb,
BL*—»waL—— OH—— OH+e  eees (9
-, L o, T UBMBEWCR THEBL T =4 B0 7eeb O
| ) 1o DB B A L, PRI/ B R TR T
e [T L B b DL bR B, LAL, VY BIRERTE T
(Cation selective ) WL FEL S F A BRSO D OH 1 4+ v o FERE
Boric~Borate BADBEANBGT LN, QORORIEHEI DI VWb EEZ
BL—4+—DL— bih, ¥to, T oA vOKEDOERD (D) ¥E2THh5
= o & FUBASVRKERELETC, DA vBAF
Fe C </ HB,T; TEALLTWERCH DY, T, ) vBEA A ik T
R a1t T HPO O TEEHEEL, il KESFoEMALIZ W
noB |} B EEZBNTWAEY, Z0r Lt & v BEFERP COWRED

{Anion selective) OH
Fig. 16 Schematic represen- %@Oi—Fe<OH DEE NI kEwEBPbR, V) VBER
tation for the anion-selectivity

of the passive film formed in ﬁ§f~gi—Fe<8gPO4Hz—@ GNP KRB EEDT D EFE 2

boric-borate solution and the

cation-selectivity of the passive Ll n, 2O EMbY, ORORIGHHYBEBRETEI Y
fim formed in phosphate o<, ) VBRI TRBZ D SHULC LIC LD, BT

TG experiment : ¢=>5c/min, B 4+ VIEHO B ICHE T E UL D &L Bbh b,

ﬁowir}g air : 20ml/min, DTA 3.6 EERE/ )T —BiER

experiment : ¢ =10°C/min, static

air BB/~ ) 7 —BEFICOWTE L TARL 5,4+ v BRIERRK
TR L EEOEE L, WREBNEYE - T OH A 4 v o BB/~ ) 7~ B K Tk
DRIGETO" % HERTHEELBND,

OH— O*+H* .-.n (10)

o OF L Fe* ML EBRMCEIST HHBE/ ) 7 —BEFC R £ v, Lo, 0D
FERRIGEREN FeDERRE LY b K&, 0D ) 7 —BA~NOBE B BB/ Y
7 -BERCROTDOBHERE (AL IHA A VORZE)WEL D LD, p Y — FETTHE
Bomiicy, ZoBHO O PRADOKICTETFXHET o8+ v O BERSED bR
v 0% +2H" + [ Jra 20" +2e==H,0 {1}
Fio, WEE/ )7 -BERTOHA 4 v IERBA S BWHCHER~ B L Fe R @i L 2
bDTHBH',

=05, V VEBEER P TR L EREOSE RN O OH A 4 v OFRE B B B Uik
OH 1 # v olREAORET AENFEE /NI, Fe o dpiEE,N O 0 EREE L Y
KE LT WEERE/ N0 7 BRI E Ul Lieni-T, AU 7 Bz 2 i1+ v 28
EWIND X5 Cieh, 2O LERD Y 7 —BrRERT L0 L Bbhb,

4. £ b nH

pH 8.42 o= Y EMEAR S L OV vEBEBR P THENT 2 S0 RNEREEE O MM I L OB E
) 7Y AN = EEGAENTEY AT ER, REBERE - BEE (R L S



13 PO IS 1) 2 BB RO o> LA & R RS 137

VT —B)RED, FNOOMMIBLEMNR I U7 24 vBILKEEET AL L b oo,
X B, R TIRR A~ eh o o0y, KIESARILT 2 — FERLER, %% pH 5 X OB B b K1
TAHZENEOEI LT b, TRHDI LD, BORBERE I REERSES L UBE
G L e R L OBEELY &b L ERIN D,

ERDOGERNBREOWERIMANEN BN DR EINTERL, LELT)b, KB THL
L oW, NERBEEOMEN R L OBMERRIEMNLT 7 —F Tih 3eEM T E Y, ik
BE»LDT Ve —F (FlZ VY, BHESLVCEERNLT e —F) CX5RENVETH
HEEZBND,

R O NMBREEE OB A4 4 5 &, BS54 (AES, XPS %) i & % BEO M F & U
SN & Nin site” TRETRIEDOWE AP ik (ERS KL, KEA, EERBER K
BENB LY THDH, MIBET AV ABIUCRANER, BEINAYHLH LY ETiTebh
Twb, TOLIHLGHER L2 RMBEEOMIITL D, THRELAROBHILI HI—
LHET A0 LB b,
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