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The Surface State of Passive Iron in Chromic
Acid -Chromate Solutions.

Masaichi NAGAYAMA
Shizuo KAWAMURA
Yoshimi OTAKE

Abstract

The anodic polarization curves and the dissolution rates of passive iron at static po-
tentials were measured in chromic acid- chromate solutions of various pHs between 1.24 and
8.74. The polariztion curves for pH values lower than 3 were vary similar to those of
iron-chromium alloys obtained in acid solutions not including chromate ion. They are
characterized by the existence of a first current break at potential E, (0.9 V vs..S.C.E),
a second break at E, due to oxygn evolution and a region of constant current extending
between them. The dissolution rate of passive iron observed at static potentials (below L)
is much smaller than that obtained above E,. These facts are explained by the concept
that chromic oxide in the passive film begins to dissolve as chromate ion when the poten-
tial approaches E, and it is almost completely replaced by 7-Fe,O, in the potential region
above E,. Change of the anodic polarization characteristics with the rise of pH is inter-
preted as being due to the decrease in the Cr-content of the film and to the lowering of
the potential E,. The conclusions described above were checked by the colorimetric de-
termination of Cr in the passive film by the use of an electrochemical technique.
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7 v AR KR O Fe OB MIMHMIONENRZ DO TH D, TRFELAMLD
SRBOHETUIAE LTHRAICHNONE XSS > e, 7 v ABEOMEIER R, Fe X
DWW B RBEER 2 U FHOSBEIBABRBI N O RMET 5 LICh b, ERLICABIE
I OEEII R FSICHL A TRIEVOTERDO A LI X THFERT O TS, &
Z1%, Hoar & Evans” |33 7 o A BEAEKDICERER N L Fe llBOKFEZa ~ F- A &
J VR E o THEEL, TP BED Cr* [k&MnE s TIN5 E&R L7, Cohen &
Beck® # &7 Brasher & Kingsbury® @ 50mc NAERK L TRBOMELHSE LT3, Po-
wers & Hackerman® 3 X ¥ Brasher & Stove® 13, Hutik Cr™ 241y 7 v afIERKE R ICB W
T Fe i 00BRED Cr 22 QEMICHRFEL, IUMKERICI>THELII( WS EZ
TR, BRI EE AR B XU Mayne & Pryor” 3 ETFAPTERIC Lo TR EAFH~, s
FELTTFe,O, TH A LRI, TOE Cr,0, DFARIERCE Lo 7chs, Pryor &
Cr" fLaitd LER LTS E LT, £0awRs 10% DTyt LAsna &
EEHBLTWAE, CDEHICLT, £ OWHAR 7 o 2 BIEHKRP D Fe ORERE/LEHEIC
B U Evans D8 L&, 470b 5 rFe,0, LU Cr,O0, BB MO REMICHEL T
%7, Cics LT Uhligh®, Cartledge™ #id o & &< B 24, TH0HLBRB[IHAE
HL, NMYERZ I/ 0 sBA A VIR EBBROUSTRECEISIEDEEZEL TS, MNicE X
HERTAIREHERFEEIBROTHNOT, MBEOIEWEICHRIET 5 & @b L, ThickH
L, Tronstad™ 36 AE O BEEHRHHIC LD, F2RZ- kil =28 (35858 b BT
BICK AN LE 10A BEDOE S AHE LT, COMER, WMEORIZE>TEHNTS
A9,

ARFIEE O LMIREERE O Fe O7 / — FABBE LD LICL>T, Fe Rifink
DOREREREWF I ZOBREEHE LIS ELLEDTH B,

II. £ B F &
o = x4
0.1 MK,CrO, & 0.1 M H,CrO, B4 RA L, pH12~87 O@MPlIc BN THEL2O pH OB
AZHELTINERBBRE Uiz, Fe il & LTI, BELILL - h v E = viligok (R
GO 10em®) ZERA L, 2, £ % BOx A4 ) —LTES, 05mmg ® Pt § — §
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B LG EIBEIT S, Pty I ABEHEHLALOB, Fe#EE 20% HNO, BTy F
L, ZNhE& 5t HNO, Il CRBERT 5, KO TCNETR KR LA, 70 4afE
G (FURA R & R —MR) I T LRMR IERET 3,
2 FEHRBEONE

B U B, WS 200 md, T 150 ml OFEHATE AN S, REEE Fe e
THICHAL, Ptadis LTEBRT 2, BEBORMEMAT RMICBE L TIET 22
ZDOBEIEED KCLIAIC L - THGE N O X D ICHIBICISEATEEZH L TH L, o7
/o= FoM-giihsid, BT REEMEREE (BoREN = 100 mA, ZEK = 2 mV/day)
AL, HaDO—ERBMICETAEHBRELMNELTKD B, 20K, Pty v— FldiR
FHAM S B L TH Y, £OEMT CrO; ——Cr* OUSHART 528N HBH 5D T, Tl

DB AN U T TS BER X OMEMET /~ FEREABEELT, COREEY 1T 5,
LRI T ANTREIC IS LG T o 7ehs, 7o sl = 0RGMeE OIM) itbnT

EAREUBIAETEETE20T, BESEFELTH T ZOBITIOBBETHEALITEDL
Bhhb
B #BMEROMUNE

HARBEBLCT / ~ FA M2 H 2 LW BT, Fe' A4 4 gt e L,
Faraday i X > CZ & Fe——Fe* FUSOBRICHRIE Ui, 7 a aBIRHETICEEIN5
Fe'* 4 # VOERBBKDL D TH B,

150 mé OBEEAR IS LI 1 ml o HCL ¥ (1:1) & 1mé © KMnO, 5 (0.5%) %
mA, HHET S Crtr & CrO7 ™ IKE{bE ¥ 5, RICHASRDT v E=F¥EINAZT Fe (OH); @
WA RIS THS, T &/~ 1ml 2 MNA P ST LT MnO,-H,O Jhils 784 ki
x5, MnO, b8 Fe (OH), a1 2 2 ~& LT OTH 5, Srhils sl
Uy, W ETCCNEKBLIOT £ YT, RIC5mlé OF A4 v 7 vigp# (1.5 M KCNS
100 m¢ + 1:1HCI40 mé + acetone250 mé + H,0100mé) /DT DInAphils 58 & 1T
Wir L, CTREWRIEEEZIOmME D X A7 72D, T S SICHBTHRBELTEMPT7 7
Xﬂ@@%if%%iiKTéoJﬁ&@ﬂvﬂmi}%ﬁﬁﬂKiO,4%mu®&ﬁfﬁm
o7, TREROEE, /o sBERKID LEOFkcXs Fe OSMRBDTRATH

b, FaailR T &R,

Inmr. £ B # 28

(1) SBAREECHT S pH OF
FRREOWEC B 28AMER E pH & OO #% Tablel 1278 T, HEOBAIEZ
2 5t RERIEIE O pH BICHE U TR 2 DA & > T 508, HEIER T4 < £B) L7 h
2D CTHBORTREL ZNENRSETFTIRECH >/ bDLHMT s 5, Franck & Weil'™®
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Table 1. Relation between pH of chromate solution and
dissolution rate of passive specimen.

pH Time Dissolution rate Dissotution current Potential volt
(hr) (mg/cm?® per hr) (#A/cm?) (vs. S.C.E)
1.24 65 9.16 X103 0.088 : +-0.745
1.24 63 8.09x10-3 0.078 +-0.765
2,09 65 6.41 X103 0.066 4-0.625
2.09 63 6.35x 103 0.060 +0.629
3.09 65 504 x10-3 0.048 +0.538
3.09 63 6.03x 103 0.058 4-0.570
5.43 63 1.43%10-3 0.014 -+0.363

0.1 M, 25°C, aerated condition.

DIFH U7 R A Z I, < ORMBER Fe——lFe’ EDER) F0hW 2 R REHK
MRS IR 7 WA L, SRERE BN By K D ERRFA BN E, ICHE 5013 D QO IRV B
KH-TRE—EDOMEEFRT 5, HRRBREBELC SO TERZL TV S RHNE Fe—Fe'
+3e (7 / — FER) BLD Cr¥ 4+83e—Cr¥ (H v — FEJE) THO, Agilsc Cr' d—¥
Cr,O0, & LTREBEHEOERICHTHE2LDEEZ NG, Tablel IS 73 & 5 iC iEE
JEBE 77 3 pH OIR & HCIZIFEARICHED L,
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2, o--spontaneous dissolution current of iron in chromate
solutions
1f = 0.0981 — 0.0166pH  ( mA/cn? )
b, A--dissolution current of iron in chromate solutions in
the potential range from to
log 1ff = ~3.89 ~ 0.558pH  ( ma/cn? )
a--dissolution current of iron in 5% HoS04 solution
, » in the potential range from Ef to
b, b —relation between i} and pH obtained by Vetter and
Yelil for passive iron electrode in Hpl804-NagSO4
vuffer solutiona,respectively

Fig. 1. Effect of pH on the dissolution current of passive iron in the
two potential regions above and below E.
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7% = 0.098 —0.017 pH (uA/cm?)
OB T B,

TO RO, Fig. LIKR LA L DIE, 7 o sl ifiEa i nBEOEE (5713 HSO,-
Na, SO, ') LB &, HU/NEREEFT S, T2 0 ABEAKO pH 2D T
INRIEEICAE U2 & SICFMEIN D 01 pAjem?® &S fiid, Olivier™ #3102 H,SO, #iErh
D 10% Cr-Fe &4 L THE M ERBE cH 5 (Fig. 2),

2) SEIRCXdT S pH 0%
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Fig. 2. Anodic polarization curves of Fe-Cr alloys obtained in
10 per cent sulphuric acid solution {(by R. Olivier).

chromate-chromic acid

<
o
A solution 0.1 m/1, @ 8 , l"
3 25°C, carbonyl iron W . Qo W
> z © A B
§\6‘ i .
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current § G> <
x | ©
IS iv--w—periodic oscilla« Il § °
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Fig. 3. Effect of pH on the anodic polarization curve of passive
iron in chromic acid-chromate solutions.
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R, T s pH o EM~
- (Fig. 3), & @ pHITDnTHiEIF09 g 14 \O\o iﬁiﬁﬁiﬁ'gh’ii}“ﬁ a;éqq’
volt (vs. S.C.E) D& & ATAMAEI 4 N\, cexvenyl irem
DN O BEBENE, DFCo@EMlE 3 \
E, b0 2145, pH=1~3 088 % To=5.5 pa/en?
0.9~1.0 volt @ #FHIC BT FH I £ 5 L1} am/dpH = 0.059 volt ¢
B9 AR g (Fig. 3 ic o § o
MTORT) MBEN AN, BMEILIC X o\
B LTI @ Fig 258 0 2 S T

PH
T E <, 0 DOfEIE 1.0 volt X DB Fig. 4. Effect of pH on the potential of iron anode

RS G I I AT — T B in the region of oxygen evolution.
Wik @ Fett 200l aiTiioict A, CTOEFKIE Fe—sFe™ " OBfR:
HHDTH BT & Fig. 3Q«H), ¢ & pH K & diz@lb L, KA

log %" = 1.11—0.558 pH (uA/cm?)

75 BBERICHE D,

ko atmiisiic b 2 RFEEEN £, (3 pH OB TH > T pH Bk &4 BREAL
DIFCE L, EEO pH 23 8 BT 2 BTN O ‘break’ ot - 12 8L £, = 0.9 volt D4
Bliz—8 LT A (Fig.3), COLIBHEHEBIT @ O pH MR L IICE L L/AELK S
TEhs, BRE O b~d pH3UTFTTCRBAEEDONELNE S, E, & pH & DB
ATCkDBE, Fig.d DL 5tz D,

dE/dpH = 0.059 volt

C OB SR ORBOBF

EOHEIC B O THRESINLEDE—H LTS,

Iv. & =

AR OEEFERICAHA LN AR S EE L EHE, T/~ Foliigic B0 TERO &S -
FAORD—D20ORERMN B, RN EN L ETH L, CORMOEKIZ, A Y pH Iz
FRIC—EOM (+09volt) & D, i Fe-s u AROBAICOARDNLCETHB, M
T OKBEW P T Fe O MAERTTE>Th, COXINEBMOEFEFED S AL,

UL, Fe-Cr & QBAICHE, B OBIETEHh S 7 0 B4 4 v EE T OEKT
Td, D Fe-s o AfREEOBA&EEL L oSt e RTCENBmS T3 [Fig. 2),
T%H b5, Fe-Cr D&4ORRAEHENEZ RO E, OFICHRAE—FLY, Lard pHick

TEALIEZVDTH B, ZLDHTHEO HNECAICENE, E AMA - BAETR
Fe-Cr 540 Cr i3 CrO7~ A A v E LTHERBICHERT 5, LABo>TEN E AR EHE K
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W ER O Cr,0; 78 CrOr~ & UTEALEM T 2B E RIS L, RNEREE I OWILELL (break
down potential) EIFEA T3,

DI LT, AEBROEYTFITENT Fe BMICHEM SN REBEER S, Fe-Cr &

OEAERL &I 1-Fe,0, EORBREWTH O, FHHEEM L T 28R EAE RO
LOWBRPHIHBIC LB LD EEALD B, WEMBOKWD, T ORBMIENE O ELE D T
INEL, E BEDOEHBMNMICHBD TREOSOEELTCNENTET S, £, O pH IWKELLE
WHEREE T A L RIEBOEEISE LT, WA

3C,rO,;+4Fe,0,+3H,0 = 6HCrO; +8Fe** +18e

BT BDOHENTH B, SUSIKIST 54 YHOBIESERT ¥ v v 1™ %

* (Cr,0,) = —250,000 cal
(r-Fe,0,) = —171,600 cal®

y7
7
L2 (HCr;7 Q) = —171,560 cal
1 (Fe*t) = —3,120 cal

(

/8 (H,0) = —56,560 cal

=3

L, E, 0FEXEH BT AL
EX = 1.323+0.0197 log [HCrO;140.0262 log [Fe**] volt (vs. N. H. E.)
FEERLE X O [HCrO ] = 0.1 M/4, F7c [Fe*] = 107 °M/¢ L iiEd 3 &, #R
Ef = 40.897 volt (vs. S. C. E.)
OMHEIFEE TSRO PR E/ME XU TV B,
COXBIEBEECIY, MBS E ZOR A BXIE OB (B TR
HIEOMBEPRIZ>TWESDLERNLLD B, TbDH
fikk A) <09 volt) - [1-Fe,0,+Cr,0,]
itk B) >1.0volt) -+ [7-Fe,O,]

TALR 09 volt 2 A NIE Cr,0; RHA E5AI Fe,0, K X»>TEMINTLEHIEBEA LD

FEHEOHB BT, BEMICET 3 7 v 28 A 4 v olkigx HCrO7 EEL 72, T ERSEME
E—HMTEDEIDERPT LD, 2044 Y EBOED A+ v RIZST & OO LHE?
H,CrOy = HCrO7 +H* phi = 0.7
HCrO; = CrO7 ~+H* phy = 6.5
Cr,07 ~+H,O = 2HCrO;  phy =15

ZHo, choDfADA ZRIHTOFEEHMES pHICL > TED I HCHED 32T~ (Fig. 5),
ZOFER0IME o TE, HCOr 3 &0 CrO7~ DIED b OB KIS 2 5D 5 M-, 20
fEoMoREIE H 4 4 vgEh TRy o RO FZEZ RGO HCrOr % Cr07 " K &
HATH pHIEFEREHEbA SO, Fhk £ OHFEBESFHAEEL RO, > T EROFEFRERO
RERESCHBEEDLR S,
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0.6 4
=
.8
e
w04 E
0.2 -
o] -t
0 / 2 3 4 5 § 7 8 4
pH v
Fig. 5. Fractions of chromate species as a function of pH
(total concentration 0.1 mols/é).
THB, AB XU BORMERIC BT, REELEHERS BN SN Z0E, BT Cr.0,

DPEREB KOBREHET LI EB6DTHA D,

% Franck & Weil® O#i41c iz, K;%L%mr@M§ML%m i B XU
i, ZNENLEORBER L XU Fe,0, KD Fe** & L TORBEBICHIET 2D TH
5, i OBRICHETZIOIINEER, 5% H,SO, (pH=0.3) iz 13 2 H— Fe st ORE
RERFREDE 9.8 wA/em® 78 i —pH (R OARIE S K —FF 20T (Fig. 3) ROFERLEEALDS
5, pH O/NXBEBICB T 5 & OEHR i OFIICHNTEL /NS LM oM
CEBDBIDE LTHRTNETH 5,

XC, #-pH g AH 4 -pH iR O T HA~THLE /& <, pH ik & TR
CHSE LT pH 25 K DREWEC ATRBAE—BLTLE S, T, BEEETO Cr,0,
SEMNPH LITELTEETNEEMLIZEDTH S50, FOLDLHER, 4 Tl
rﬂﬁﬁizmm%iﬁc}cézz®m%‘mgof%%éfmmwymwoogo,Lﬁ
DEBBEEFIRBEIEOEREE D Cr 80T &I Fe,0, OB —F D 2N L RBEED
LOIKE>TNL T EEBRT HDTH 3B,

LOHEEwIC &, 70Am%@&W1FeETC%LLTm%& EErhicid, 44t Cr s
SENTEY, LrdENNEKES CrOr~ OBiTHTth s Cr,0, DBETE TN TINE T
EMPEEATEE, LbTONE EEOEBER (TR AEEAEER) 2FLIED
TRBNLE, TNH Fe REREOBEIHITH ULRERBRHELRHLTNSE, TNo OHEEZ, Evans
SOUEH LA RNBER RSO M HT B ENRRANES A 55 DEE I,

V. SFibEara

FAOERICBOT, 7 o ABERE THET 5 Fe O RMIEREEN Cr £ 2 DR E L
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TaSH, TNHPEGHEN E KO HGEATREN LR L 2UEL TS, €T T DM
AR B I DI & > TRIER O Cr OIEE 2~ i, \a:u L5,
L &3 H F &

VA-PN 3 mm{&ckl)/f\{wué Fe W5l & LY, CNICHE ,wm%uw’c Wi 30
Ttk WQ)TTHM AT & RBEEAA (772 LAERO L J\*tx%@) PUCHAT B, KICTH
Be—Mib A (PH=8.4) 20 ml % L THEMBAIC ChICH B L5105, 20, &k
OEREBAIZ+0.2volt (vs. S.C.E.) BEETH D RIEGHM & IR 2 BT INCH BT % 28, i
ALY 2223730 (CoOBOBHEILEN I —05vol)®, = CoRBMEMBEEELHOTE
BHE +0.7 volt DB A Z T, HHKIC INH,SO, B2 lmliRkmLTLIES S o &
CHHET B, WV TEMAKRAZIC A LT L2volt & L, 30 4 ¢ O@EAICIGE Lk, 4
2o MO E FHEETEME T RO by 3y 72RTHRM IS, BREPEELRE
OHBK TR LREZRHBEE b Thaai oy vy FrEd 5,

EROBEOEBENATELAXOLSIKE S, ETEREEBKTIES EERMICHEL
T3 7o ABEEREBRESNED, COBRBERKIED Cr A MNHEHT 2 T L0,
OBV e 9T KA IC AN e D, HOEBALER LT A D TH - T, — B RMHREELL
WOEBNZEATHE, BB OEMEGZ LT 2720 S SICHEE A TRk L L
7eDTHB, Cr OFEHFBELN B DT TR O LLT E KDEENTHR 7 0644 v E

LHHDEEZOND, BHEEMNML2volt I EE 15 54T 5 & Cr O IE5ES
TH-t,

Cr O 4713 Diphenylecarbazide #:™ it k- tc, FOMIEIID L3 Thb, Tib
B, WROEEARKIC HSO, 2 MAT, 2OFKBEESN 02N KHEE L KL, ot
@ HPO, #ik 2 MA T Fer™ oy, i 0.1 NKMnO, iR 1 4 TEHL,
WECe 4 4 vE GOy~ A A VICECTHLT 5, EED 20 ml BEICIE 5 E THEDY,
0.4% NaN, B 1mé F iz T MoO; O E2 B LTS %7 5, I 1mé D 0.25%
Diphenylcarbazide ¥l % A C4®%E 25mé & L, 540 mu O E CLHtEET 5, WEDRK
W Cr 482 02~107 TH - 1z,

(2) BREEECr&EREOBR
AT TOREIREIL L, KB LBk E 2 o ABBIRA (pH=124) (pci@ik L, KNI
Cr &EBED L DITENT 2028 L7 (Fig. 6), Cr B335 10 40D BIic 2o #ik 4
L5, FOBRRBED THRLACHEMT LIRS, DROOSTY 23550, EWRETE
04 ug/em® BEOGETH S »

DO E 7 o AR (PH = 1.24) pc BMHRE U, BREAMICE L TiiEe ik

BICHE S TH O, E GtiomMaO—ER/MAEZR 30 052, AMESEHU 2 Rk %

*OER R AR AP RBMBIEL TS Cr IBHRBA TR Shzw,
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® ---deta obtained for more than 24 hrs.

Fig. 6. Relation between the amount of Cr in the passive ilm
and the time of immersion.

0.5 -
/"‘ﬁ/cm% )
0.4

03 pH=1-24

0.2

ol

o) | ! \/\ 1 N O

07 08 09 1.0 I 2

Potential in volt

Amount of Cr picked up

@ --deta obtained for spontaneous passive states.

Fig. 7. Effect of potential on the amount of Cr in the passive film.

RS TR LTRR KT 5, HIfE L7 Cr &k & Sp i & o % Fig. TO £ 5 %
s Bo=09 volt Sl ¢ Cr RASLMICHD LBICHET 5.

2T, IS I HE O R

VI. # %

70 LEE-7 0 AFEEAKER (PH 1.24~8.74) BT, REEE Fe 07 / — Fophm i
BRLUHRKEBEMIT BT 5 Fe IBMERAENE LXOMEER 2, §140b%, SRl s
I pH<3 ©iié, 720 B g 0B OBKEEMICE T 5 Fe-Cr 440 2RI L
T3, fiEicid, E,=09volt BRUBBERLEDHTIEN L (EXDE) OLTAKEHRD
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MEOBERON, WEMOPBICEEH—EOHEBMNERT S, TOBRWE (7)) 13 Fe—Fed*
&Lf@mmaﬁcm%?éﬁ,Cﬂ&ﬁ%%&@%i@ﬁﬂCEHéﬁwk i (i) & & KT
LHBENHL NS, INODHEFEE, 7o ABEER DT Fe RiCHA: 32 R MR
$@CM%@%E%%ﬁbTﬁkao?ﬁb%,%ﬁﬁhﬂ?fﬁ,xWiTF%)+&@3
OMBEFHT B, L D EoBEMEE T HCrO; 4 4 v & LTOBELMBIEY, KE r-Fe,0,
DOHE—MKAFTHEIICI 5, FFEM E 251 L THoBBYURELLTsc LR, 2ok
DI D IRIL B RTEAE S 20D & UTHEL 5 5, b ORERE, BB o Cr
BREWET BFBRICE>THEID SN, PIEDOEBREICHESINT, AR 71 4~ F i
L BN LR 2 BE U, Evans SORMH OIS ELH L,

13 B AW TICH Y, & ICZ OB TIHIAZEROMIFEEZ T fo, 0L Tk
Howrkd s,
& E X o
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