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Effect of Potential of Passivation Treatment on
the Stability of Passive Stainless Steel
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Go OKAMCTO™
(Received January 16, 1968)

Abstract

Oxidation of passivated stainless steel in dry oxygen of 10 mm Hg in a temperature
range of 405-474°C was studied and compared with the self activation of passivated stain-
less steel in 30% sulphuric acid saturated with nitrogen at 70°C.

The specimens passivated at a potential exceeding 0.4 V (refer to s.c.e.) in 1 N H,SO,
at 25°C .exhibited a remarkable resistance to oxidation at each temperature examined.

It was observed that specimens passivated at 0.0 V for 60 min. also showed a resist-
ance to oxidation, but in the case of a prolonged passivation of 1000 min. at the same
potential the surface changed to an active state resulting in an increase of the weight
gain due to oxidation. The most active surface was obtained in the case of passivation
at 04 V.

A critical potential around 0.4 V is found on the curve of selfactivation time against
potentials.

The reactivity of the surface to dry oxidation and ‘the stability against corrosion in
acid solutions were compared with the behaviour of bound water in the passive film and
the structure of the passive film was discussed.
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B 2 BERRELORELBELMTL I,

AHRECS VLT EROBR LA RERBCAEC S 5 BEVREMLOPEY, BlRE
B (400~500°C) i AMLEREC SOV THF L, Sy CTHEEF OB DEECEEITT
HEEMREMEOHELRN, bbb A X EFCHEL 220 NBREEPCE Th 54K
Lonmb Ot Atk L OBREMA - LR B E LI,

2. £ B

AT v U AR HTHY &AL DR, KE 812 25X15 mm & L, BEEIE 75
em? ThH, RNFOMUE L LCHROEE =y 5 v 7Er A1, BEEO—EBMCE
27/ — FEREE A, (E%Fey 7 v 7TV TE, Be L TERBLEDSER R
ENTERNEEARH - 0h, ZOFELL - THES THREORVWEEAEB R, Tib

HEZEFEMBORR A EFAF L o INHSO, B AR, —024V sce BE)VICHET S,
7/~ FEMIEERE & LM URKEZRLERY T 5, ZoRKECETHHTO—E
Ff] (REBCRS LT 205H) 7 7 — FEB ¥, v CNIBIRO—EBMC BT 5,

REEE LM EALL —01~09 V, REVREILEEEN L & L € 60 5ic-20 s THiEf L, 1000 45
WTLKREBL 7o, TEEEEAR ST AIRER 25201°C TH B,

TBREL L 1cR LT > 7 — 2 s —BREHIE U 7o %, Mettler O FERKTE 4 v T
10°%g $CHELc, B £5Xx107°%g TH A, AEBMORIEENIT S o x Ah, 107°
mmHg D TFlEL &b 5mmHg 07 4= v #AC2 EIERT 5, - ORECHERED
BEFACEIGEXEAT S, 155 % 10mmHg OfFELXEAT S, 1000 5 HELL 2B
AAEREYBURRERT YA (HFE LBLEEARD L, BLREEL 405~474C TH
2712,

THEEAT v AMOHOEEBEH 250, BIEERER UL 5N EELL

TR R EREAFL 12 70°C, 30% H,SO, BRFICREL, T OEM & BPLEF OB E
YREDERL (—0.38V) &ic - TKFEFRETHCEL T CORMAZNEL 1,

3. R B A

Fig.1 &R\ T, 60 5HARBEBILL o34 1000 5B L s oEalnEs, €
DN BRECABETE LT U TR L Az, ANEIEE(LRFRET 1000 7, B (LIREE 438°, EA (LA 1000 4
N TORER A Fig. 2 iR L7z,

Fig. LB /e L 5w, EEMNIBERERECSVWTERE—EDOBEMEFEELRL T
B, BHEOTHHDIT0~01IV TR TEMEHEEO D A2, 04V IZR W TRLEMbEh
Bk bi, ELLCEMABRC /D EBOBLINEL /A THH, 04V ILBITS
AR 01V, KLU 0IVDEIL bRT2~4 EDfErRL T3,
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Fig. 1. Weight gain of possivated stainless steels
in oxygen vs. passivation potentials.
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Fig. 2. Weight gain of passivated stainless steels

in oxygen vs. passivation potentials.
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Fig. 3. Relation between inverse of
temperature and weight gain
of passivated stainless steels
in oxygen after 1000 min.
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temperature and weight gain
of passivated stainless steels
in oxygen after 1000 min.
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Fig. 6. Potential decay curves of passive
in 30% H,S0,
saturated with nitrogen gas at
70°C. Steel specimens were pas-
sivated at various potentials in 1
N H,SO, saturated with nitrogen

potential (V. vs. SCE)
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Relation between inverse of
temperature and weight gain
of passivated stainless steels
in oxygen after 1000 min.
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Potential decay curves of passive
stainless steels in 30% H,SOq
saturated with nitrogen gas at
70°C. Steel specimens were pas-
sivated at various potentials.for
1000 minutes in 1 N H,SOy satu-
rated with ntrogen gas at 20°C.
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Fig. 2 Ic & 5N 5 X 5 RIBEEILRER 1000 25 o3 H 1o b W Tk kst iz oV
DHEN > T, 04V L BEOEHFE~OEME & G BECED LT 2,
Fig. Lz s\ Tk 3 D0REC DWW T O RE LR Lich, MOBRE2u»TE LR ICRE
4, & TEAL IS B 0 BSR4 R Lic ot Fig. 3, Fig.4, Fig.5 Th B, Ticbb 6045
RIWEEIC TR A T 7 - Fo A F v L AME T @ 1000 45 8 D EE 1k 55 B o0 3% #os 5L o Mg
S LUTR L, Fig. b R LA MBLAREBE A SEOSGSICHERI D OB ENRKE W
A, Fig.3, Fig.4, OFERBCABELIHOBACRERBGRAKT >, Wi Rk
ST A KRB IS T, BB SRSB4 T 2 FHNSE D, 2 0% dg/
dr=Fkt™ SELS 5 &, —ENEBOBMEILEEEH LT 50T, ZoBONEE
HOSRE DM A 7 r vy P LB EGOEROARILEEIL=F L ¥—% 52 %, Fig.3, Fig. 4,
Fig.5 7 b3 E Licf B and O b= 5 4 —k, B LABERN 1 KF LV 10
keal/mole DEIED I,
Fig.6, Fig. 7 = ARBEIRA o HOEEGRRIC s 5 BME AR L, R OEAL
M =038V L7 b KFEERFAET 2 F COBMAEELRH (c.) & L, NHRELEERE (0,) &
R L MBI R MK LR LIcDA Fig. 8 TH 5, IR OBEMIT IV T L A BEEER (o)) 2
DAL 7p 231000 43 DR F1Z K &N T OIEHALEEHE 2, £ 04~05V L0 L&
DEM TIRIE AL A E < fo B, '
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Fig. 8. Time of activation (r4) determiined from
potential decay curves against anodic
potential and time of passivation {rp).



170 T smmEk @A A 6

5 & z=

AREBIC B TR LB s 5 AT v AMOEE 5 BER, kL O—EEM

= 60 I LB R BRI L L CEELCBERE * Fig.dwrLfic, 2o~ bHY
Binfe & 51T, MbRE—EiE ok T bR R Lie, 0V, 04V OB RITER 77
B Tl e R A BB AR L O ey, Lo LAY X, iEES0°C, 01N
H,SO, Wb k17 2 Ao JEE # ol x, EFSBERCRs - TRDb LD -7
EREOC— 70V IEBWTHDLND, 2DOVOE 27137 =4 vOlEZE L THEH

P, TELT=y " AOEBTEET A2 N TS, AF v AMOSMmEITR A K
SHM—SBOSBHMHEOEREHEY L LTELLE, AT vV AHOHEBEEIC STk

10°
f IN HyS0, (N, sat.)
" 25T
| 50 mV/min.
R -1
§ﬁ0; 420
<( -
&
-3»‘ 3 o~
B 1S
%
IN F 475 O
A S
® F N
s 3
8 S
L 410 §
L g
<
i el
<
>
I <
g
L 45 IS
1 I L 1 i 1 1

02 -0+ 02 04 06 08 1.0
POTENTIAL (V. vs. SCE )

Fig. 9. Polarization curve and amount of charge accumulated when
specimen was polarized for 60 min.

* OGRERYERL Tk,



7 AT v v ARORAR M T 5 RHEICATE N O FE 171

7aaB XU, =y r XD bREGCEREEYRTOT, AT v AfiERE =y &
ARPEI B EELZBRD, F0VE=y ¥ LH—BEOSBIME Lk CEBRERO
= RETLBEMTHDOT, AT v ARMBBIZSTL ZDBMT=y & L OERIE
A, ThbbIEERSBHMBM LOOV KT A2BREOE — 712y ¥ LOBIRCES L
DEMEINS,

L7228 » T OVIZ 60 AR Lic & &icid, EEIC =y 7 AR Sh T B8,
1000 P iL T D= v ¥ A BB LESCIRELE LD THA D, = v F¥ L OBBECHIE LT,
60 3 MBI L WA A S i AEML L BEME S h, = v 7y A OBEFICHE LT 1000

SEABRBEAERF ST B LS VEHCES b EE2 bR,

L Lish s 04V OB DL, EF, FEH IOl s RS
BIE LA ERDB NI, (o UKRSER &R OMMBBH A BT, 04V 2ERE LR
MEWEREEENET A2 2 LB R &R, Fig b h s X5 cERERRLE
B L THICH AT B2DRTH - T 04V OBAULEI e EHRAH L,

KM LT B TR LU AN BT L LA RBEE OB 2 02, ToBoORbig

f;%&&M:E%Li"‘f_alﬂpﬁkﬁ/}@‘%Jo@&ﬁﬁﬁéih% Thbhb 04V I THRLEIL
ERHVEECTK D LIEZ DRV, LA - T 04V OBILlEO &~ 7 Rl OE X ¢
Fl S WEOEMAARCER LW A EE2bh b, BICEIGEE O BEEH A k= Aexp
(—E/RT) t3Ri>T &, Fig.3, Fig. 4, Fig. 5 wir Lz X 512 E O AW EERE IR E L
#HHF¥ 9 E=x10kcal/mole TH B, Licn - THLEE © BAKRFRIL A DI X » THRE

ENTwb, AEEESORCHA L TWADT, kill

DEACSE 31 5 REA BB O B AL, BB —o—Me—on,

A L > THIEOFEESORNET S 2 & 2Bk L T

W5, c 0 OH B
¥ Fig. 8 am Lic & S bigsg 2 2 ¥ 5 ——O——/Me—O/—/2

04V X)L HOBMTI W TRBBIL LI AT v 2K, Mme @%\b%

T DFEHAEHRIN R, _*O/H
RIBREL Ui BER O B SIS0y, 7/ - F A DH

B B B THABOT / — FEREIS S, WIEmY) O O,

PP — FRRBRRIE LD bl b, FOBT /- FiElks | 0—Me—O0H,

DD Te iz EEITTERGEST LI O TREMERFIITE //// 0 OH
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‘ Fig. 10. Schematic presentation
PRI L TCh B L ic - T B EF2 B of passive surface.
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KREPE Lo, TOMRC L 2L 04V IO LEOBMIC SO UER I BTV Tk
ZOREEKREDRY LT 5 2 EMRRD B, oo £+ ViR~ O RIEF o0& & Ko Bl
A fio CTIZE L7cfER, OAV XERBALE LTENRI D LEDBEMC TR SR
FeRBREM P OSG A BEE L C A R L, Fhbofific kST, Fig 10
RLIcL 5l E T A TRBENEORE ¥R LT 2 L2, RNEEHEEOKSE 144
dofeo T (-M-O-M-) &% L > T 52 bitded, COMEORBERER»EFEET 5,
ZOfEFTE (M-OH-M-) & 5% (M-H,O-M-) & L TRbaEN 55, REREEEYKE
L, & 5\ IEANB LR R 2 K, EEOBBRARETLOREY LTy, k
B> (~M-O-M-) #EEDORFEE T, EKOFET 2@, BAKIEDH 5\ i iEarc st
THWEMERE LTI T3 EE2 BN D, LD o THRAKDD I GCHIENE D A &4
BETHI LI L » TEERHERXETH2REIPELNLATHA 5,

18-8 A7 vv Aflic s\ T, FfRds L OIERILERR TN U CRER, MEKODIgVIRE)
FEWEL 04V XD L EOEME IOV AFHOBEMIZE CTERSEILHHIEDLRS,
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