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Effect of Ni Content on Crevice Corrosion Resistance of Ferritic Stainless Steels

Akinori Kawano, Taichiro Mizoguchi, Wakahiro Harada

Synopsis:
Effect of Ni content on crevice corrosion resistance under wet/dry cyclic conditions in ferritic stainless steels was investigated. And,

the mechanism of it was discussed by depassivation pH (pHg) and dissolution rate in hydrochloric acid. The results are as follows:

(1) Crevice corrosion area and maximum corrosion depth in wet/dry cyclic corrosion test was decreased with increase of Ni content.

(2) The oblateness of pit increased with increasing Ni content. This result suggests that corrosion pit shapes changed wide-shallow from
narrow-deep with increase of Ni content.

(3) pHy slightly dropped with the increase of Ni and ineffective more than 1.4%. It indicates that Ni barely improve crevice corrosion re-
sistance in initiation process.

(4) The dissolution rate in hydrochloric acid solution was remarkably reduced with increase of Ni content, and was closely correlated
with estimated maximum crevice corrosion depth in wet/dry cyclic corrosion test using extreme value statistics.

(5) Main factor influencing crevice corrosion resistance by containing Ni in the ferritic stainless steel is improvement of acid resistance

properties to suppress the growth of crevice corrosion.
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Table 1 Chemical composition of the samples (mass%)
Sample C Si |Mn| Ni | Cr Ti | Nb | Phase
A(2Ni) | 0010 | 020 |021] 02 | 190 | 022 | 0.21
B(0.6Ni) 0.009 | 020 |021] 06 | 191 | 021 | 0.19
C(1.0Ni) 0.010 | 020 |021] 1.0 | 189 | 0.22 | 0.20

D(1.4Ni) 0010 | 021 |022] 14 | 191 | 021 | 0.19 a

E(1.9Ni) 0.010 |1 021 {022] 19 | 189 | 0.21 | 0.18
(
(

o)

3.0Ni 0010 | 0.20 | 020 3.0 | 187 | 0.22 | 0.20
G(4.0N1) 0010 | 020 | 021 | 40 | 188 | 0.23 | 0.19
H(1L.3Ni) | 0011 | 020 {021 |11.3| 187 | 0.22 | 0.17 y

TV 9, SUMLXBIAMED EBRDI9%E L 7. Al
LG E T, 774 PHEMIZBWVWTNIZ02~40%F
TEZTz. HIIZF — AT F 4 FROLBH TH 5, K
JZ 1 mmo & BELEM 2 1050°C THESE L 728, SABOKA
I, 7294 ME2EA—2AFF A4 PHMOEETH
AR E 7o TV A Z & R BEMEEEISC X ) RERR
L7ze GHIDA, 1050CTIE7 =254 b+F—AFFA
FOTHMIEE o722, 72T 4 PHEHEREES
729121200C TOBESE % 17 - 720

BEglite 0¥ >~ 7 ViE, 30%x30mmB X U820 X 20mm i
WHIMI U, 4% #6003 TimE L THIL 2 7 —
WEBRE LT 24h KA CIRGE L72%, 3% $RBH
& LCREBRICHEL 72,

22 BEZEBE LB (CCT)

i3 & WAL 5720, & &RTEF%
55T E TR 2 AR LB (DUT,
CCTEMT) 24T o720

Fig. 1 123 & FRlBih oK Z/R§, FM % EHA,
F& RV IBLOF Y I EHCTHIF MV Z392N-mT
BETZI LT, &R SEITETEBELL.

Fig. 2 1CCCTH A 7 VxR, X% il 35T
WZPRFE L T 5 %NaCIK I % M % L 7= 1%, 60T,
RH30%T 1 hodiz A%, 50T, RH95% i i it

Ti washer

£ S
i S o
N v © LLL} Ti bolt
\QQQ (M6)

-
]
: L

30tm Stainless Steel (#600)
]

270°--E-14-4--€

180°

Fig. 1 Schematic diagram of crevice specimen.

Salt Spray Drying Condensation
5%NaCl = 60C = Humidity 50C
35T x0.25h 30%RH x 1h 95%RH x 3h

Fig.2 Operating modes of CCT.

FEWCMHRRE L 72 SR 1A 20 L, 20091 2
WV E CRRBRE S L 72,

ARER 1% 1230%HNOs /R I A CRBR I % B8k L 7214,
MBI E AN L, BEATICE ) 3 & I EmfaE %
K7z,

AERRIZDWT, AMBLIA S AT LRI L 72106
FrL EOBRERS 2 ERERICE > TllEL, Eof
THROEVDDERRKBERS & L7

23 BRARRERS OBEFT

BEABGIIHRN 2 EE2HELTBY, MHoEaT
W7e EOFERFHMIZIE, EREmND 5 VITHmETmN 2T
ERHVONED, 27V L ASORHBEIC L 2R E
TESIBAE AT L72A%) L s ShTw s, A RRIE
DRBAERDP S, HORAKRERSEZHE TS, T4b
H I REAR D & 2RO R KAE % 4 5 72D 121EGumbel 5
i (BB DS N B, Gumbel iz B v,
RARBRERS OG54, SABEBEEFx TRILL T
TOETHZObNS,

F(x) = exp {_ exp <_ X;A )J ........................ 1)

CZTC, xiE—KWidHh) O KBEES, VIIME
NTG A= (—XWid7z) O KEERS ORMTE),
a\ZRENG A= THb,

WO LERBIICB I 2T TBEORKBERRES
WZDWT, CCTHEH % I AN 2175 720 n=20R
BRoOTXxFEREEZNZN S XWIZE5E L, &IX
WZBIT2RRBERS ZWE L. BoN16H0%E
HME % > TR 2 1TV, e KBRS 25
L7z B, PRI T=100 (100f% 0¥ % %I 1A
FICBI 2 RRBEESOHEM) & L,

2.4 RERER

BEEM A &, 15mm x 20mm® 3Bk F & I HIN T4 X
DEIYIL, ) a— rEER B a— v
KE-44) Tl (10mm % 10mm) PAAh 2 88 L C kR
Fr& UZeo WBREMITIEN A 4 ¥ K LHCUC & ) i
L 72 pH1~05DFRMARBERZ A 720 B % Ar fla fll
L 7250C ORBE RO ICRIE L, 24hfk 0 HRRIHE
L& mEPREWE L7z 24hfRICABIRETLIC & 2 BRI

H 3 5 8 £ it No.94 (2013)



10

754 FRATF VLV ASON T X TR

KT NI w2

HEM O EADHER S N Wik KOpHZ BIAE) R ﬂ:pH
(pHy) & L7zo F72, SBREIRICB T 2B OfHE
L& ) gL 2 R 72,

3. FEREER

31 TZEHBRROIZEHEREIN

Fig. 3ICAHIO§ X LHBF BT 5, 5 & ZEfWrm
HFRO—HZmde 3 & LML, FIHELE TIE3lum

Fig. 4 \ICASIO T X FHIMEAA %0, 90°, 180°B L ¥
270° D 4 AT DO WTHIE L7224 RE R T WO
FHZBWTD, & FHBIZB O 505mmbh _F 54l
TlOumPL T TH Y, BHEOEA S 5mmffLT0umT
BHo7ze BIOEEEE L RN ML TAWMIZT & F M
WILDS> TV B DL, R EREEOFIE L) wmiih

DB TH D, MORFHIZBWTYH, X FHES A
R TH - 72,

32 BEEFRLARICHITITZEERBEBICRE

. . FTNIDBE
THY, BAER2 53mmff i T6éum, £ L T55mmff
ETIEITOumTH - 720 Fig. 5 ICCCT100% A4 7 VIR I BT DR EHOTEER
?1stance Omm (aperture) 3mm 5.5mm
rom aperture
7’ SUS SUS
0° direction
section | SR gl
1Gm SUS 1Um SUS
Clearance 3lum 6um Oum (contact)
Fig. 3 Optical micrograph showing a cross section of crevice specimen (steel A).
40
— —
. 0° 180°
9 = 30
I
i 8 o
2 o) Bolt space
[}
Off 2=
T § L
180° = o
© o o Souot—
o, 000
000 [o]
0 S00000 : 002
0 5 5 0
Distance from aperture (mm)
40 ©
— —_—
270° 90°
g 30
= Bolt space
-t 2 4
g
B
O 1 o
0 5 X )
oo 0 _000°
0 ©%00006000° : °00000 °
0 5 5 0

Distance from aperture (mm)

Fig. 4 The distribution of clearance with crevice specimen (steel A).

H 7 B8 5 #t No.94 (2013)



7254 NRAT VLV AGOM T X FHFAMICRIZTTNIOBE 11

B oMLY, F X ARG R, 4 (3.0% Ni),
H# (11.3% Ni) Ti&, BIOERA S 5 mmAREDERZ Y
Y ROBENBO SN, § & TBATHRERIE TR
F20%TIRIZEETH o720 BEPECLETIZTEF
KA 0 um T B R CTh B ZHE D AMITIE,
& SRR & B 7md, MEHANERIATOIS X
31270, pHOM AL b AFME + 5 FHaN
PSR E R SNb, —), A (02% Ni) 2B
T, T E IMREOEAE TR AR L7, Nikt
BBV E, F X FMBEAE <, pHAEF LIZ < W
FHIBWT D, BRI LEEL BN,

Fig. 6 \ZCCT200% 1 7 ViR ICB T A 8HZOT & F
BRIV Z RS, 10094 7 Vit & A, Niz 3%LL L
SUFHE LM, ASE B L TF & 3 AmRRS
<, 5 TS AT B A 55mm Bl o

N (3 & FMFEOumifisr) zHiis, MROT & F
JEEAFRD B NTzo

Fig. 7 ICCCTHR DO KRB 1B W TR AR AR S 2R
LZBEY Y POMHAEEZ/RT, M obidm KRR
WS, (IWEY Yy bE2PRBEIARE LCGEM L 72
THY, UToRXRTEENS,

ZZT, aldBAITEREAE bR KBAERITH %,
A THE S NFAELY v Mg, wWihdFOMPEE
aVREERSbE B L TRED 572, 10001 7 vtk e
20044 7 VO R T TNim AL Wi E i KR AR S8
L, IALICEDE, LV PFChoTe F2, &C
DHFEIZ BT, 2009 4 27 VEIZ100H 4 27 V& Hig
LCTREEIDPEVD OO, (IXIFIEFR%TH - 72,

Steel A (0.2Ni)

Steel F (3.0Ni)

Steel H (11.3Ni)

Corrosion area rate 41%

21% 22% 5mm

Fig.5 Crevice corrosion morphology of stainless steel after CCT 100cycle.
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Fig.6 Crevice corrosion morphology of stainless steel after CCT 200cycle.
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Fig.7 Optical micrograph showing a cross section of max crevice corrosion pit in CCT.
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