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An Electrochemical Study on Corrosion Resistance
of Austenitic Stainless Steel

Tatsuo IsHIKAWA

Abstract

In the present paper the cathodic behavior of oxidizing agents on an austenitic stainless
steel in sulphuric acid solution was investigated by superposing of the anodic polarization
curves obtained in the presence and the absence of oxidants. Various oxidizing agents,
such as oxygen, hydrogen peroxide, ceric, mercuric, ferric, cupric, chromate, vanadate,
molybdate, permanganate, persulphate and other ions were used.

They were classified into two groups according to their cathodic behavior on the
passive stainless steel. Some of them such as ceric, mercuric and permanganate ions
(group A oxidants), were readily reduced on passive surface. Oxygen, hydrogen peroxide,
persulphate and periodate ions (group B oxidants), however, could hardly be reduced on
passive stainless steel, in spite of the fact that considerable reduction currents were observed
on a platinum electrode. From these experiments the oxidants could be evaluated with
respect to their ability of adsorbing electrons at the surface of stainless steel. These
results are concerned with the steady state behavior of stainless steel.

On the other hand, in the practical working condition, electrochemical behavior of the
steel in unsteady state plays an important role in the corrosion resistance. The stability
of passive stainless steel was examined, in the presence of group A or B oxidants, by
applying pulses of cathodic current and by adding Cl~ ion to the solution.

It was shown that the passivity maintaining ability of stainless steel in the presence of
group A is larger than that obtained for group B. From these results, the mechanism

of cathodic reduction of group A and B oxidants, on the passive stainless steel was

discussed.
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Fig. 1. Current-potential curves for anodic dissolution of stainless steel
and cathodic reduction of oxidizing agent on the steel surface.
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304 Stainless Steel 5% H2504 (N2 satr) 60°C
Stagnant condition
2
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Fig. 7. Potential-dependence of the reduction current of an oxidizing
agent on the surface of stainless steel.

SRS fo L TR 2 Table 1 1C#85E U sz, dREEm B st ¢, MnO;y, Ce't, HCrO7 4
A VI B A0 O SIA IR O A TS T IR A i sEY s s, O, H0, 50574

VR FR A E L A RE RIS, REIERE (r bk (F0.20 VYISO T, TR O Y
B SMIEDONT Y FREDLND — I, T OPIC X B EFEMN 2. D% D T

PiinbosEEZLND

Table 1. Effect of presence of an oxidizing agent in the electrclyte
to the steel dissclution rate at a constant potential.

304 Stainless Steel, 5% H,SO, (N, satr.), 60°C, Stagnant.

Core=3 mN
Oxidant L= —0.25V (SCE) Lo =+0.20V (SCE)
None 0.94 g/m?-hr 1.27 mg/m?-hr
O, 0.97 2.20
H,O, 0.80 2.54
S0 0.73 1.28
MnOy 0.58 1.10
Cett 0.47 1.75

HCrOr 0.44
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304 Stainless Steel 5% H,50a (N2 satr) 60°C
{agnant condition
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Fig. 8. Potential-dependence of the reduction currént of an oxidizing
agent on the surface of stainless steel.
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304 Stainlass Steel 5% H250s (N2 satr) 60C
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Fig. 9. Effect of stirring of the electrolyte to the reduction current
of oxidant and to the dissolution current of stainless steel
at a constant potential in passive region.
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Effect of stirring of the electrolyte to the reduction current
of oxidant at a constant potential in passive region.
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304 Stainless Steel 59 H2 S04 (N2 satr)  60°C
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Fig. 11. Effect of stirring of the electrolyte to the reduction current
cf oxidant at a constant potential in passiveregion.
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Fig. 12. Effect of stirring of the electrolyte to the reduction current
of oxidant at a constant potential in passive region.
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304 Stainless Steel 5%H:50a (Nesatr) 60

Est= +02V (vs.5C8)
CHzOz 100 mN
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Fig. 13. Effect of the stirring of the electrolyte to the reduction current
of oxidant at a constant potential in passive region.
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Fig. 14. Circuit for the measurement of potential-time curve
under galvanostatic pulse.

E: electrolytic cell a: test specimen

b: subsidary Pt electrode for current supply

r: reference electrode P: potentiometer

H: d.c. amplifier G electromagnetic oscillograph
B: high voltage d.c. source R: high resistance

C: dial switch D, F, S: reverse switch
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hed, By F v ZEBEOHIC DT, BICHE L7 v— 7 BE{LFIIED N T v —
TARBALFOZNLD OCREDICRBIBLT B BiRd 5, —J, HECHEAPTED
FeARMTEIE S — A LT B E b N s aIcid, D UA T v~ 7 AR E CORNiE
LESLSTHERE,

Table 2 [T A REIC IV BT B0 75 AR B O & B I R A RS Lie, T C
T, WMl ZHREREMOBMNBERNOEATH T, HRBERBITIRG 2P0
TLAT (R 2, IR, W) I LTOROEEEOHEEL S,

Table 2. Corrosion potentials of passive stainless steel and their
stability in sulphuric acid-solution containing an oxidant.
304 Stainless Steel, 5% H;SO, (N, satr.), 60°C, Stagnant

Coe=3 mN
Oxidized state Reduced state Corrosion potential c s‘tal‘)‘ility* of
orrosion potential
(Initial) (Final) (Vvs. SCE)
Cet+ Ce®* +0.96 1
Hg?+ Hgt+ -+0.49 At
Fed+ Fe?+ +0.41 3
Cuz+ Cul+ +0.16 H—
MnO7 Mn?+ +0.87 +F
Fe(CN)§~ Fe(CN)e™ +0.65 it
vO7 Vit +0.63 ++
HCrO7 Cr3+ +0.30 +
MoO3i~ Mo3+ -+0.04 o
107 10~ +0.24 +
508~ SOf +0.34 +
H;0. H,O +0.23 +
O, H,O +0.03 -+

The degree of stability of the corrosion potential will be represented
qualitatively by the plus sign; # designates the stable, 4+ the unstable.
4-4-2. EBREHV—F - NILRCHT BWOBEGE
B ALAI B LE 3 mN A g1s Ny fufil 5% HLSO, B c Bt S N RS M R @ig ks, &
2 W RRRIE T E RN T A, O XD IEORMEREEMIC, —EHor Y — VR
Wirov 22 ML, & OB HE A O NI 6% BRI o b I NC s Lo BHA »

va g LICE TR L,
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304 Stainless Steel 5% H,504 (N2 satr.) 60C
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Fig. 15. Potential-time curves under galvanocstatic pulses and restoring
curves after interrupting the pulses.
cathodic current density (#A/cm?): a=227, b=455,
c=116, d=160, =229, {=443, g=890.
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Lok 304 Stainless Steel 5% HaS0s (N2 satr) 60 ]
Stagnant condition

Citnoz = 3 mN

04f

Est (V vs.5C6)

[ =T 5
T

02r

0.4y

0 05 10 5 20 75 30
1 (min) ———

Fig. 16. Potential-time curves under galvanostatic pulses and restoring
curves after interrupting the pulse<

cathodic current density (uAfem?): a=21.5, b=43.0,
c=645, d=1075, e= f=183, g=215, h=430.
DIAET B, Eoy 3 L (G LT LA LDOMBERL, RABHEOBANIERD SN,
Fig. 23 [ ZE MW Ot~ FEBIAHO IR ER S & LcbOTH-T, #
P, EWUIEE S MBS 208 E ToOR DRI 4E/4t %, ZOERMLLS
Vo FREHIE LI LT T ay FLTH 5, KeolShnk i, g 2 Bicasri,
C DS HE 3-4-2. 128 2 5 8L LORIGER LTINS
4-4-3. FTEEFTEHO Cl A F v EmMcSd 3aisn
A H s 10 mN A&7 N, iR 5% H,SO, i i © 304 5 2 52 8 fr xR
e R D — s B AT L, 1B OREIECH 2 ARICH LT 02M K 3
L Cl A A4 vaERINL, fLEoFEIc X 5 MEEE oMY L& B L,
Fig. 24 X U Fig. 25 10 RGO —BlA IR Lic, T T T, i id Clm 4 & VIR o 44
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0.6+ E
304 Stainless Steel 5% H2804 (N2 satr.) 60°C
Stagrnant condition
b} =51 Cre»* =3nl e ]
e /' V::@-—————u—
4:7: Oﬂ ) > O
02t .
+
~ 0
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?
2
2
= 02F ]
i
0.4F J
0'0 L L -J “ 2 n .

1 (min) ———
Fig. 17. Potential-time curves under galvanostatic pulses and restoring
curves after interrupting the pulses.
cathodic current density (#A/cm?): a=1.07, b=229, ¢=4.56, d=10.15,
e=229, =458, g=116, h=225, i=450,

T T ¥ T T T -y

0.6}
304 Stainless Steel 5%Hy 304 (N2 satr)  60°C

Stagnant conditien

04}

021

0.21

Est (Vvs.508) —=

0o o T R S 1 B I 30
1 {min)  ———

Fig. 18. Potential-time curves under galvanostatic pulses and restoping

curves after interrupting the pulses.

cathodic current density (#Afem?): a=0438, b=1.10, ¢=2.19,
d=438, ¢=1095, {=219, g=43.8, h=111.
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Est (V.vs.508)

8 0 O 1 P B AR DFE

06 ]
304 Stainless Steel 5%H2504 (N2 satr.) 00°C
Stagnant condition
04t ]
O .. Crov; = 3 mN

02t \ a P eI
3071 A e 1
?,3 - | OOy C .
g \ ) " . . < o < o
® 02) | G T To— i 1
u , o e -

04t T .

Ly off
06 g o5 0 520 75 30

t (min) ————
Fig. 19. Potential-time curves under galvanostatic pulses and restoring
curves after interrupting the pulses.

cathodic current density (#Afcm?): a=0.448, b=112,
c=2.24, d=448, e=11.2, {=224,

0.61

304 Stainless Steel 7% H2 504 (N2 satr) 60%c

Stagnant condition
0.4+

GHzQz =3 mN

06 0 05 s 5 70 75 30

% (min) ——

Fig. 20. Potential-time curves under galvanostatic pulses and restoring
curves after interrupting the pulses.
cathodic current density (uAfcm?): a=0.441, b=1.10,
¢=220, d=441, e=11.0, {=220, g=44.1,
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0.61

304 Stainless Steel 5% H2504 (N2 satr) 60°C
Stagnant conditian
0.4}

Co, = 3 mN

Est (Vvs.566)

0‘5 1 ! i 1 "
0 05 .0 15 20 25 30
£ (min) ———
Fig. 21. Potential-time curves under galvanostatic pulses and restoring
curves after interrupting the pulses.

cathodic current density (zA/em?): a=0418, b=1.02,
c=2.04, d=4.08, e=10.1, {=20.3.

1.2t
304 Stainiess Steel $%H2504 (N satr.) 60T
Stagnant condition
Lok
®
\@
08} Gox = 3 \
06t +
cé
Ll \.QOE
1 \O\ .\.\
&S I ‘O\o\ O~ 3“’ .\
S 02 o ‘s
2 HO¥ 0 \ .
5+ HZOz\ S e
~ P o] 0
52 N \@ < \
®
02 \@ \ o
02} \O 8\ O
_____ :\6§_¥o___ ____r e —
®‘8§§6
ok — :\O @, :
==
0" 00 o 02 10®

T tuhson) ———

Fig. 22. Relation between the cathodic current density and the potential
polarized for 2 minutes, which was obtained from the potential-
time curves in Fig. 15~Fig. 21,
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T T T
304 Stainless Steel  5%H;S04(Ng satr) 60 i
Stagnant condition
“o=e Cé*
Cox=3mN R
e
Fe"\o:
~ \O
\e SZOB_\
O\ HCv0; O~— .
Hzo\
\O 02 ) .e)\
L @\O_\O\ 7
. 1 "l L ]
10’ 2 5 10* 2 ’ 10° 2 5 i0*

Tx (BAem?) ———

Fig. 23. Average velocity of self-passivation of the stainless steel
activated by cathodic pulses, which was obtained the
restoring curves of potential in Fig. 15~Fig. 21,

304 Stainless Steel 5%H:S04 (N2satr)  60°C
Stirring condition

Cox= 10mN
Est = +02V (vs.5C€)
(0.2 dd. _
e 1" M HCYO0; He™
B 7 4 i ] 06 i 0

1 (min.) ———
Fig. 24. Variation of anodic dissolution current of passive stainless
steel with time at a constant potential after adding Cl- ion
to the electrolyte.
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5001 ]
304 Stainless Steel 5% Ho S04 (N, satr.) 60C
Stirring condition
4001 b
Cox =|0mN
300 Est = +(0.2V. (VSSCB) i
%
<} 200
2
b3
b2
100 Ha02
CU (0.2M) add.
[ [ mommmComma e emememeeret

) 7 a0 6 i 100 20 40
t (min) ————
Fig. 25. Variation of anodic dissolution current of passive stainless
steel with time at a constant potential after adding Cl- ion
to the electrolyte.
WEEREREFEEICE >0 T/ — FEKOEMMRE TH 5, LAMNTAET 2 T TOFHEMME
ICHEAET 2B OMBICE > TH L IR 5, Table 3 Tk D@Ll O LA %A &Y TH
M ARIT L TR LTH B, 7, Ce't, S,057, MnOy G 4 & v i Clm 4 4 v & Fil
ISDTEVEDS B B L, %4 OFHMBIZHEMICK Y b a0 e b, FHEMH RN
ICK - THEALHIZ NS 2 ]HIC 5710 5 C &M T & B, Fig 24, Fig. 25100 T 47, ASHERHI 1T 4R
LT a0, LERISOETHEAROFLICE > T—iE L LABRICRO 5N 5, @I

3

Table 3. Induction period for initiation of pitting corrosion of passive stainless
steel at a constant potential after adding Cl- ion to the electrolyte
containing an oxidizing agent.

304 Stainless Steel, 5% H.SO, (N, satr.), 60°C, Stagnant. Cgz=10 mN
Cer-=02M

Group A oxidant Induction period Group B oxidant Induction period
None 150 min<C
Cet+ 98 S,08 30 min
Hg?+ 100 107 20
Cu?* 96 HCrO7 40
MnO7 38 O, 32

Fes+ 32 H,O, 32
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M AL LI D RO AR AR, BARIEORID bR XD TH S
LA OFELMITHEMBFER O W FE2RD 5N BeKE LTHRD TRBINTH - 12,
4-5. ERBERICHITHER

4-5-1. F3HY — FULRESECRIT 2 HER{EAOHR

AWEARTEII A v — FBWEDSHNTIHIEALT 2001, FLFEA G S & O el 3 3k
WLk B HY — FHlEADKIZR YT 5N b, Fig 15 » 5 Fei. 23 % T 0 Jelid Ui Ik (7 L
DEGESUCHE & MO RIINEE 2 E B L TERT D

EALAIILAE SR D AR IR RE T WO RN B B AL D LS R0 2,0 1
REEMT OIS0 O, HWilEDET b S, MR Z, & TN v 2R BICH B
(Ere=F)y A, TORITH Y — VER L SIS LB, LA O T SAL 050G & i 5
WA OIS E DR L D B (o=1,.ctTw),

T BB ST v~ T AICB LTS %ﬁ,ammMﬁm@ﬁmfﬁmué7ovo

(8]
T, LOKESHZOWPEITRG BIKER & L D/AIOHITTIE, o f. 1Tk 55058
AR NI, REEBICRY 2B 4o IKHRT 2D D, §iR i...<0L 185 %40:T
R ICHTAROBERNSOSDEER D, X, L.OKBAN .. THIDINE T EE, T
DOFZDWEEENE RS ORI 5 ¢ & %RKT, Y LEolEEid Fig. 15~Fig. 17 @ 1%
K MiE->T WA, Fig 22 10O TITHERBB T OBIC— MO AR T BED 5N 5D, 1.2

h@%%”ﬁﬁﬁifﬂwmiDinQMM§ﬁ'M BN aM5THA S,

CHITR LT, e bfinms v—7 BIiglE LT '%ﬁ,i A 0 1 B 22T D 55 S
BTOALBOED B-4-2. BI), FE>T, Lo DARE XF 20 ITK B Lo DHNTIELEH L F St
THEBLTHAD G e=K-1u)y $R, b DD Lo O HEIAE T, DK E XTI I8 11+
K) Thz o, HE->T, 00T 250 MR LEIAS CREBR/NSN T ERTFREN

. Fig. 18~Fig. 21 OO0 VL L OHEER B E WML A AR L T 5B, Fig. 22 lcfdne, 7w
~ 7 BEERIS T — T ADEND X D IR L TIRABR 2R &9, LEolims
HABT ERRDBERIS Lo D3 8 ORIRICLHILTHIINT 2T EICE 2D ETET X 5,

DA A — PG OWICREIE BT 5. NHE~OUICHILE, LERBIAIO L

SR IC I 7, 0 1T & BRSO RIS M ITIRET B, T v = T ARRILFIE R IR TR
Lo DR BB E LTHMOARNMELST D, E->T, TR 2 HEE B0 3 b

WTNE C, RUlICHIET 5, CRICK L, Y= T BEEHIHERICO TR, T R
WSO T O AT LS B, HIC, BABSOMIBILAICHH LT L /& o
T DD, TOROEEBIETRS, FREIOTNERTH>T, RHESOEICITE 2
1D OME T 2 (Fig. 23 £id),

4-5-2. FHERA X2 BHEICRIT BEIEH O R L

AL DT, Clm A A VT & BRI TR O BRI 7, ASEALHIC & 2 s g 2.
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EHEETABAICEL, - T, Fig. 24 B LU Fig. 25 It 5 N A AR F T o B R
J, @o=7) R BRIED S 1,<Fp+is) IS BEMICHITT A DICET AT E —IEARTE 3,
QnCF4ﬁVKi5%ﬁkﬂ®%lﬂmngL% ELTHEUMMO KR NESEZTH B,
T =7 A BACRILERICIO T, 4 @rotlod BMORMAKTHETLS 2. -
<, i, mtl:liis'éﬂ’ﬂkértMﬁfffa*oofnz’flﬂjrmc?ﬁ/uEﬁﬂt Lis, chuckhig LT oo~ 7 Bigik
FIEROB A, BT S TOAMITE 2, fREMICERBAER L, IS LT 635
MO EITIZ S B A8, BN LARD Sy, Fig 5 & XU Fig. 7 Of% BT TIUE

LD 7w — T DRI A3 1P ~10° (5 & AL B 9%, PRSI I NIRD 220D 2
HND, T, ORI E D Mg , (1) G4 KT L, MEIE D - DT H S

LI T &, (2) Zv—T BEALKID I, B5SIES O K & SIZHAI L TR 2 0EEAT
5T EHICHT DD EEL B, LB DMETE IG5 MG 7V — 7 BIRAKIEILER T
LAaELImED LN, X, WALHORITEI & 258 & Table 3 ICRTIHER A 4 v ikick
BOAMENC—F LI EDERET 5 b3, B E A 4 v EDBENEIOSIc T E LT
HeaEEDLNE,

Table 4, Classification of oxidizing agent with respect to cathodic reduction
behaviour and speculative figure of passive surface of stainless steel.

Group A Group B
Oxidizing agents Fed¥', Cu?", Hg?", Cet*t 0,, H,0,, HCrO;
MnOy, VOy S,0%, 107, UOF
Reduction on passive steel easy difficul
Stability for cathodic pulse stable unstable
Resistance to Cl~ ion good no good
Surface of (passxv}e:ta;nless steel metal  oxide solution metal Gkide  Solution
eculative, .
speculativ i 8
47 Red
@
00 _- OX
D e Positive hole ko Red
(higher oxide) i )
ox---- Oxidizing agent i
Redy-+ Reduction product -

5. # 1&

REBFMOM ISP L TE, k0 SHE  OUER L SN TRk n, BIEEOMLE L
ELTRBUMNTFICOBEN Lnd >, iUk L, FHBUEROHIINTRG T 55
BN T AR T 5 C EOBBEEAR L, FICELENLED S RHEMO [ ECHRBERR
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L#z, Table 4 @AMRICL > TR ONAHBERITLICbDTH S, FPoE, NHE(lL
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WIFRIC A 25 S, O EO )i, it oAl A T 7 v — 77 A BRI T
I P& ENHENS

PLEDBRZEE, MICEa T 2 R EE O BIENEIRICE DN TIT > D TH
L, UL, TEALSEMIT L TR 7o Feilii vl I 1 il (1 4 1k & Bl I oD B b i i & D PR IEIT
DT, ABRISICHFPWENRTNETR SO TEGIRETH 5,

B, MU LMAEEENA S 20 U2 T U 7o RS SRR AR Je A s Ui &
B oOmEFRLET, X, HBWEH, MUETO Rk, NI EREEL S U
W, S BBy Lme R LET,

X ik

—

H. J. Rocha, G. Lennartz: Arch. Eisenhiittenw., 26, 117 (1955).

E. Houdremont: Handbuch der Sonderstahlkunde I, s. 758 (1956).
K. F. Bonhoeffer : Z. Metallkunde, 44, 77 (1953).

W. J. Miller : Z. Elektrochem., 33, 401 (1927).

WA « il B— « Zse W - 0L B, 7, 96 (1958).

E. H, Phelps, D. C. Vreeland : Corrosion, 13, 619 t (1957).

R A - AqlBe—: Bl 7, 194 (1948)

FiAH - AQUB— - =8 - RN A EEE, 27,7235 (1959).

= LW o

(22}

Ko R R IS L Rl

]



200 7o o 34

A PRSE po 177 (REY 1960 485 10 A.

o) BT EEAYfE
10) 28 1 MEBSEEASBTRE p. 444 (a v Fv) 1661 424 A,

11)  RAE - FGERE . EAUREE, 29, 419 (1961).

12) WA - ABl— - =BT (E{ijifﬁ’, 3, 68 (1959).

13) BOFIEME:  BHAEENG, 8, 174, 220 (1960).

14) H. Gerischer: Z. Physik. Chem., N.F. 27, 48 (1961).

15) M. Nagayama: J. Electrochem. Soc. to be published.

16) 78 47 | F ARGk Mi‘“‘ﬂ@ﬁ%@@ p. 25 (FLIE) 1960 4E 10 A.

17) BRASHY - BEOCE - g R¥EEF - 4.

18} N. Sato, G. Okamoto: Trans. Japan Inst of Metals 2, 113 (1961).
19) 75 50 (1 F A IRAE S SEFEE p. 26 (H(50) 1962 45 4 /1.

20) A, Hickling, F. W. Salt: Trans. Faraday Soc., 86, 1226 (1940).
21) 45 14 4P & E ARSI IEE G p. 303 (BUE) 1961 424 A,

WA - kil Be— - eBEES  JEA S, 25, 166 (1957).
Y. M. Kol )f\'rk'm: Z. Elektrochem., 62, 664 (1958).
H. H. Uhlig, S. S. Lord: J. Electrochem. Soc., 100, 216 (1953).

W

[N
B L=



