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Effects of Nitrogen Addition on the Pitting Corrosion and
Microstructure of High Mn stainless Steels
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Effects of nitrogen addition on the pitting corrosion and microstructure of high
manganese Fe-20Mn-17Cr-14Ni-2.2Mo stainless steels were examined in de-aerat-
ed 0.1M KCl solutions at room temperature. The addition of nitrogen to the alloys
increased the pitting potentials, and significantly reduced the peak current density
and the number of occurrence of meta-stable pits, compared to that of nitrogen-
free alloy. It was confirmed that the added nitrogen was solid-solutioned in the aus-
tenitic phase without forming any nitrides under the heat treatment at 1150C for
20min. From the in-situ observation of the initiation and growth of pits with an
optical microscope, pitting was found to occur consistently at MnS inclusions. The
pitting corrosion behavior in the alloys was discussed in the view of the role of
MnS and the change of passivation properties due to nitrogen addition in the alloys.

Keywords : high Mn stainless steels, Fe-20Mn-17Cr-14Ni-2.2Mo alloys, nitrogen alloying,
pitting corrosion, MnS, in-situ monitoring.
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& BH7|9A, Fe-15Cr ¥&9 22 n4%7}) ¢
0.18wt% dol WHs), Fe-15Cr-20Mn ¥g&o A%
A2 857} 9 0.44wt% 2 RIs3 Qo

ZHdE 23 e AL AL, 94 o
& EH71AA FAEAC uxE g dsio
© 98 JiA Adute FAgol ew, AR
9] dide] 53 vk Bandy $Ve W7te] ¥
 2246wt% XYY T FE AH AP 2BGA
FeCl; 6H,0 848 o]83 AAY W 2IAY
A2 RE, Bho]l FAANGY FAte olRA 7o
& 3 R¥dvin nasgch v, Brigham 59
2 18,20 B 22 AE AHJded 2% FHe 6-
10wt% J7AAE A9, 10% FeCl; &9 AXAY
X FAAGHel aA F4Y AAE IdUdn
B a3} o}

B A7 A= 316L AH A Ae] 7R
BHE 20wt% ¥R 3 W AgQE A% Fe-
20Mn-17Cr-14Ni-2.2Mooll AAE Z+2 0.004wt%,
0314wt% 9 0.387wi% H7AIA 3 £F9 Ay
NEE Az ¥, FFEIANYL B3 BAAY
Aol i@ Aie ¥ Lolysith a8 m, X-
A A7), BEnR g JEENY 2ae A
A¥nd L 39 Fa e gE 47z
(phase structure)®} ml4|7ze] Wil U )z g
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St £3, FRAT| AL ol &3t FAANA 2
AP th¥ in-situ BEFE FPom, o8 F3)
o] §FMe FAAFTE Hetdna sy n
Aoz, A7E Aav) FAEAHY uxE 4
& ¥F2AH W od wE s nyFz, 2
Y31 FFEIANY BREREY =9 sy}
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Table 1. Chemical compositions of the test steels(wt%, balance Fe)

Al C Y] P S N

0.01

0.009 0.0028 0.0050 <0.001 0.002 0.004
0.018 0.0019 0.0021 <0.001 0.003 0.314
0.003 0.0067 0.0025 <0.001 0.002 0.387

Designation Mn Ni Cr Mo
M1 20.06 1439 16.62 2.26 0.01
M2 20.12 1426 16.96 2.18
M3 20.34 1443 16.63 2.32 0.01
2. Ay
2.1 AlpZ|

Agd A" F}EFL ko] 20wt 71 WL
d 22z, JAFEN A4 YRS
g8 3 AT A= &P o A=dHHch &
HFEzE FE& VLY H WAYAE B F
A7b 2mme] BAE TEZL, 1150CAHA 2087
A F ¥t thd Table 1& 7 A
"o txAdg vedo

22 E3Ad

EFAE A8 Al®e arvie 1x1lemolY
th. HE" TFEHdL A#Ho) spot weldingdlu
epoxide resin®. 2 ©ul$-gF F, SiC dnixz #
2000744 detstgch AlE D olg® Alold] §F
Aol dojuA] YEE AlAY sl & dEE
Bz g AL EIAEL EG&G
Potentiostat/Galvanostat(Model 263A)%} 71&4 =
(reference electrode) 2 2 X 3} 7+ & A = (saturated
calomel electrode, SCE), 8lx At] A 3 (counter
electrode) 2.2 WFHAFE AlLstd FYPFHAch
ol BE Hgte SCEA diF A ;e
yvepbdch Age4e FA49 01M KClojglen,
Fed A FsAT. FHAl &SA4h 4¥E
HAazlay] st A Y AlF of 30EARE AW
o] B H7x AYLEYd A& 7128 FHFY
th AJHE Sqof o 2417 7tEF HARAAIA AQ#
AN E =EsA & F, E,R2d
100mV @& HYRE] 0.2mV/secs] FAIEL®
EF34E 28ty AggTe] AUV @

& £37%9 ¥nE vEAHA B¢ £3IANY
& BY AR THUME BANY A5l B3
dn7 BEe Sac

23 ojMF= md

A4 Wt 439 A7z 9 Aded) 0l
B 9% ¢gotry] #9139 X-d A, FedEn
3 % TEM/EDS ##g sk #sdnd B
£ ANEE EUE ool HoAEE lum7t
A dulg F, 94 10%+3A 10%+24 15%
+ZFF 65% 249 AAAPL o] &dld et
A& 39ch TEM a4 AHe o2 dgdye
2 A 3F3le, Oxford Link EDX Analyser(Model
ISIS-5947)7} ®ag JEOL 2000FX I (7t&A
200kV)& o] &3t #&3 9t SEM/EDSE ol &
gl o] YoM Fod FAMANZE A zs
€ ¥E4% MA E(inclusion)e] &4& &G

24 ZAnHE in-situ TH

A 7txe g8 2r1HFE A BEFA
P YT R @A A, Seiko Instrument Inc.
A F2o] SPA3700 FAtEX#Ev 7 (scanning probe
microscopy, SPM)& At&-3fe] FA7RA 2 1Y
A& in-situ FFHAT. o] AFL ¥ atomic
force microscopy(AFM), Kelvin-probe force mi-
croscopy(KFM) %5 Z% SPM 4§ & ohvg, Al
B 9o £98L H3A&3 electrochemical(EC)
controllerg Apg-3d FAYYEE & = UA=F 4
Ao gt ©f Fig. & 4¥FXNE delE
Atz o] ot

PC(A)= A HYAARAE Aoz, FAE¥
A7, F 2334 2UHB)Y BAEHh Al
g 2AFC) AlE o &94(D)e] F3ts
o] glon, AIX e 39 A EC controller(E)
o os) RAAY APL Ao} 4 APHA
& AEY §d FAE FEHoFF) € )9 @
A9 VTR(video tape recorder)(G)E& %3 @33}
o, 8% A$ F4¢) A= AYE 53354
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Fig. 1. Experimental apparatus for in-situ obser-
vation of the initiation and growth of pitting cor-
rosion.
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Fig. 2 @ Table 2014 RE ule} 2], A7}
gk A7td AA(Fig. 2(b), Fig. 2(c))el F4 A
9 Eus da7t A9 dr7idA 4& AA(Fig. 2
(a))ell H& ztz} 54, 185mV Z7}stch whelA,
Aa Azt &M FAAYgHol FFEHUSTE
F ¢ 4 Utk 9, 23H HAFUE i 4
Ao AL A9 HolE Holx stk oA
ZEYE g AL FFEFFMY FFd 999
A Jeuds AF85(current fluctuation 2
current transient) 0. 24, A H7lzkd TA ol
A AEFA 2H g AF8F e A
3 BRE7) se, BB GddMY A7tASA
J Wg AFYUE ¥IE AFUE-UMEY F&
2z 3l Fig. 39 et

Fig. 3(a)e A&7 Ag AH7EHA &L Ml A
#H(0.004wt%N), 28lxz Fig. 3(b)®} Fig. 3(c)&
Ztzt M2 A1E(0.314wt%N) 2 M3 A|H(0.387wt%
Nyel <17}A ¢ we AFU=E ¥zE Jetd
t}. Fig. 3(a)-3(c)2%EH # ¢ F AR, A&
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Fig. 2. Anodic polarization curves of high Mn
stainless steels with nitrogen contents of (a)
0.004wt%, (b) 0.314wt%, and (c) 0.387wt%,
respectively, tested in de-aerated 0.1M KCl at
room temperature.
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Table 2. Polarization data of Fe-20Mn-17Cr-

14Ni-2.2Mo-xN alloys in de-aerated 0.1M KCI so-

lutions
Alloys (x) Eni(mVgcp) Eyi(mV)
M1 (0.004wt %) 296
M2 (0.314wt %) 350 54
M3 (0.387wt %) 481 185

4E,, : difference of pitting potentials between the
specimen with xN and that with 0.004wt%N,
respectively.

stable/unstable pit)e] ¥HEH¢ AA 9 AP(E
& F5H Fve ZRAHA m 9 8 F AR
Fe3HF B g Roz @A Ak o]
HE AH8F A= A4 Hrd d& 39
5 4ol FAHALE v F, FHH
A FARANA RFe Dol dYsld I iy
HA @AY, £ & vgo] FRHoz i F
Aol AAEde:e 5y ¥ 4A Y
ozx REdH Adz @z EE + Udss d
Bpdich = AA Hrtd wE F2] A9 Fv}
T gA ola¥ RBEe EAeol @A At
o] g3 SloJMd AFLFH FA LAY FHA
o el A= Fol) AM 3] =9stnz} .

32 ojM 7= 3

Fig. 42 Zt Al X-4 v g Jedch
AENE M dal, e AHUolE ©dAute] &=
A 3tk E§ SEM/EDS ¥ TEM/EDS ##=z3
B ojug dEE FAHR gAd ¢ F 4
Ak wepd, " Hrlske] Ho 0.387wt%
M3 Alge ASd % 1150C/208 A3 F, ¥
71 dAae 2R I EEd n4E Aoz md
2R3

Zatgv] 7 B A3 o] FF fEHQ T
Mz & Fig. 59 veldon, Aoz vxd
F4E ded 24 nelg He BHHe o3
Al, o] BF EAEE AAE EIAY B4
Aol 2% Aot}

Fig. 63} Fig. 7€ A7} 0317wt% ¥718 M2
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Fig. 3. Current-potential traces illustrating the
occurrence of anodic current transients in the
passive regions of high Mn stainless steels with
nitrogen contents of (a) 0.004wt%, (b) 0.314
wt%, and (c) 0.387wt%, respectively, tested in
de-aerated 0.1M KCI at room temperature.
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Fig. 4. X-ray diffraction patterns of high Mn
stainless steels with nitrogen contents of (a)
0.004wt%, (b) 0.314wt%, and (c) 0.387wt%,
respectively, annealed at 1150°C for 20min.
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Fig. 5. Optical mlcrographs of high Mn stalnless
steels with nitrogen contents of (a) 0.004wt%,
{b) 0.314wt%, and (c) 0.387wt%, respectively.
Chemical etching with a solution of 10% HCi+10
% HNO;+15% acetic acid+65% distilled water
at room temperature.

M2 A& o|&so TEM/EDS #2& 3iped,
Fig. 8(a), (b)E o] AHd &Aste A4 d&
2 338 ¢ 4FvlF HYE] EDX 24 EH
< Uebddl Fig. 894 Cu Ilzy AE AANR
5 g ol

olzRE AWl EAsts AAEL MnSe} ALO,
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Fig. 6. (a) SEM im manga-
nese, and (c¢) X-ray map of sulfur in a sulfide in-
clusion, which is typically found in the M2 speci-
men with 0.317wtN.

Jde #BE Yehhm Ut MnSet ALO: Fig.
63 Fig. 7149} o] BEoz ZAss A9E

(a)

et o R O R A |

Fig. 7. (a) SEM image and (b) X-ray map of
aluminium in an alumina inclusion, which is typi-
cally found in the M2 specimen with 0.317wt%N.

A4, ALOSH MnS7h 874 #e AE A%}
Fig. 9ol s} 2o] TEM ©24 2% 2ag} o
A% ALOse MnSe} & ANz %ed Aoz
4 7t o,

33 AR in-situ THE

Fig. 10(a), (b)x H& #Hrtgo] 0314wt <l
M2 AlHe] BFe d9& X dFE FAAY
o =2 ¥, 47 F4eo| By Ag 2R
FEo Rgd ez Aok z2Ela Fig. 10(c),
(e F2lo] 24 F 247} 102 9 2% A
BAg We FAXY HAHE BoFm ok

Fig. 1o BAIE RYE(B) AdA A&7 34
3l F718t7] A Fste AEE FANANHEeR 3]
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Energy (keV)
(a)

Energy (keV)
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Fig. 8. Representative TEM / EDX spectra of
(a) a sulfide inclusion and (b) an alumina inclu-
sion, respectively, in the M2 specimen with
0.314wt%N.

Reon, g4 FHo wAsH, A7lE JLL A
Al FHo] zAPHoz AYPETE Yo
Fig. 10(a)dll A #2382 BEAE RES o] AJ#H
EAste HAEE JelS, Fig. 10(b)e 4%
2 BAE FEE oA ¥ 24d JEE Yehd
ot gdatd AR gD FANANNE A&, B4

Fig. 9. TEM image of MnS attached on Al,O; in
the M2 specimen, showing that MnS had nucleat-
ed and grown on Al,0;.

& HAAE XA F2 MAEH 49 AHAA
AZEALEE Bzt 4 9E] JREEE 2
F A= FRAL, dRES Fig. 10(c), (d)
AqrAY ole wazA JFsAct 23y A4x A
7t A AR(EL FY) &5 Alole] 4@
Ae dG=A gtrh 32-A AP uie} 2
o], o] ¥l MnSet ALO; 2714 FR/<9 AA
Eo] EAEn, watd I 4R ulel ol MnS
7} o] gEdlAe Fa TN Reg A7
"t

ZE gEAA FHAAANAERS MnSe 9
oln] @& AFAEP & r:E ¥ UYch
Castle 3°%Ve #4% #38(Mn ¥ Cu ¥38)
2 ASE(AL Ti 9 Cr 48l8)o] /MA=He] e
316 =l Ao FAMA EAE AT
At 288 SEM ¥ Auger spectrometerd] 2]t
A BREARRH, 338U 43l Eo] @Eo
2 EFQAYG 2 A Eol e A9 #BA
glol, g4 o] &7 deMe &= 4 9
ol FHIF FHE RIdM Mmooz doig
€ B4k w2 3 sl AGE ol 4d
2 Ao AfdE, T2 MnSdA LY S
& FEI /FE 5 AUt

Fig. 118 FHeol &3] J3hd Fo 9EE Y
Bl 22 =l lace-like Bl & Holi It
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Fig. 10. Selective frames from in-situ video recording showing pitting process occurring on the surface of
the M2 Specimen with 0.314wt%N in aerated 0.1M KCI at room temperature: {a) before pit initiation,
(b) just after pit initiation, {c) after 10 seconds following pit initiation, and (d) after 2 minutes following
pit initiation. Arrows in {a) and (b) indicate an inclusion and an early stage of pit initiation, respectively.

4.1 #

o] H¥AARRH F A Fa¢ AHdE @
& £ v 1) A Hulgd #Afl FAL
A MnS 2ol dAsid, 2) A7kE Fa(H
o 0387wt%)e 7IAEEA n&E Hdz A
a3, npxete g, 3) n4E Aie o §FY F
AAPYe EddE Holth ojF AYAAE
Bz, a7 Artd 1 370 zEHde 23
o] FAEAE IR ¢ old BE F7E F
2 FAMAIAZ g9 E MnS, 28)x £5H 99
qAel FFHIAF T BHAAM unFs B3
z g

AEAAE Fho] 2" P27 UYoiA 22
guoluAel ¢t sd Jods 942 4B A

Fig. 11. The typical pit morphology showing a
lace-like pattern of the corroded surface.

Aouh1®) HIoE ThE Y % AFEHEC W
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H44 77t 444 viXE J¥E FRA4H9)
HFE ol &3l ZAE . 2 B3}, Fe-20Mn-
16Cr-15Ni-2Mo #39 A ¢ @43 22 ele
3t &2 g3 de} sEolE Aol o 6.2% HAE
ETERE Rusio. 283, e g e
L2HUolEA AL 2R sY(austenite for-
mer), %32l ko] EolNWH 238 HelolE
g 2ANAYT BEAYD Swutala®E o
A FYE 2748 vasgch £% Raghavan®™ e
Fe-Cr-Mn-Ni 4914 #FA M9 dd&HQ A
Arg F3ld, FFEAo] Fe-15Mn-17Cr-14Nig)
A%, 1150C S24d =My HYZL 9 ~H
UolE FFdA L2HUolE/Q 2L E 45
glo] E A7 Al (phase boundary &£ tie line) 23
A AA/E Btk tLo] B3te] Hrlgo] F)
85, 238 L2HYolERe] Ao dAdHE
e du

B §3 F 22 YolEAY WE mHeoE
gol dob AAU, dAel HAANA HetolE 4|
BAEE AS, F AANA A Aold) & wHet
OJE & AaHUE FHgA F2lo] FAH
A, L 2d ol EA/HElo|EA AR FU7
Adstmete] FAEA REEe T Ao AWM F
Aol A E & YR mad o AFH A
THAHZRE, Bl F 20wt% F=E v
FE B A9 A" A, 239 HolEN]
FEE JteAdel Ao 2y, ALV A9 #H)
A ge Ml AJH(0.004wt%N)e A% #Hl g}
olEAL FRFHA Ykow, exHyolEfo R
gt FAES A H(Fig. 4).

2 27 $2g HANE RS, 22y
JEANAM A4 ngEE A Y F Y®
Uggowitzer $'°& Fe-14Cr-20Mn ¥3o 0.385
wt%N& A7 A e el EA dode HEA
F& @RS dul, 900C oM CrNol 4&s
o, 900°C ol ddiAE HHE Axv}t mF 7)Y
ol ngse exduolE G AU ¥
Q3ch wetA, 2 dgd AM-® Fe-20Mn-17Cr-
14Ni-2.2Mo oA & A4 ngE e {39 ¥
g P7H20wt%) 3 T2 IA2)|LE(1150T/208),

aglmn 7IXEae] eaHUolE F2d 7QEe AL
2 479 a8ln, n4d FaE n4ET %
71AE B4 B4 ¥ ohlal, LAHUE AA3E 9
&2 Zg3le] Aol A sleoshA Bl

28Rl 270 £3] SA s YBlEe B 3
AAHz Zegch =% 28R Fd S43ke
FEdae] 5 € AdE 52 we oY 27
9] #3348 4R ¢ Urh. A B0 2 dalaFd
A &3 JEAEHE F}EL FeS, MnS, CrS &2
(Mn,Cr)Syt (Mn,Fe)Se} Zo] ojEo] Ty Iy
o B3 #3382 FHBVL g TiV V 537
e A3 Y48 HANFE RS, TiSY VSyh
BAENE @t E d¥e Ffde MnS glol
#asolen, metd ol @ A o I3 o
2 8448 20 Jldde Rez Bgdd.

e 5 TN AN A HEe: Re
MnSe9} FeSZ @&z 9lch? ez, Oldfield®® =
316L xgIQle] 27} el 2tg Hd 15wt% H7HA
4 A% BEFAAZYe] 2388 ANilde A8
Aaglch old] thdldE Sedriks’V7l B3l wle} g
o], Wztel Arsisko] Fyige wal Fao EAls
= #3lE9 zAl(CrMn)SdlA MnSzE ¥3g
d 71d%te ez M9EE + Uk MnSE A7)
AxAod, REg 3ty AdHUdaA A% FHY AY
2 38 & U o] Ao MnSe g9y
o2 Ehgsn &85 doivA Fo® B3 &
Y Fo i o]Lo] EHREHY A ZF$, MnS9
& Ayl ARRE Addtd F49 43l gute
vjs] MnS EHelA g4 o] A9 Fo|
d% & doiviA "otk MnS 9dlM MegHez
F#3d ga ol F3Ee ¥F £ (anodic
dissolution) & W<€ ZFsA o, FEe IS
&8 (Fe Ashrt AW ge] mel MEWe Mn?t
R ClI- o] 7}, AA 3(acidification) &, HE
7h ALH o2 AR ¢ Ue AU $HFE
AEsA o

38 2T g, 3] 9 Y= FA
Al o fe & JUL A B APAHAN &
3 @A MnSe 277 ¢ Zdgslz 2 g
LY E 3t Ut Stewart 5L 304 2H ¢l
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27€ #HolA BAE§(laser surface melting) Al
A& A TAAFAH PAHULTE Bude
o, o] g A& oA EUHELFA #WE JHd
2% #3lEo w3 Zidde Aoz ZAEXA
Aok z28li, 152 ¢FE ¥ E(stable pit)7t ¥
A=zl A% MAES] YA =7 (critical size) &,
ZAe] 0.028M NaCl &4 A], vt e] < 500nm
(FHez 7SS B A2 FRIUC
wald, $d FIEe A7 dAZT] oldtel™
M EH HEZ PAHE FAMANE FE8A
gettn 2EAA ol# ¢ Stewart T ATE
He, JEV AHoln AdHoz JFE 4
HAE g FFEHA g8 FYsHes 94
ole] FE7 HEWIA oj= URF g o]l
oo} otz A E 9| E, ol BE YFEF
Al Al AEgde di ol BRI FIMEFE
Fo] & dojdrie A A A YR Fo

FAAGA v AL Hrte AdE 84
£ (active dissolution) 49 %L RFe JHdA
9o BaAFozRE nFdE B 5 Yoy, &
AgoA AR A e FAHALHZI(de-
earated 0.IM KCDIIH= 8483 940 & U
Buzx gomz o gooMe AL ¥t A
g FRE 4 5 e e £F5H 99
oA A M77t FAAAAA v e FF o
3 dotrmzal ek o] FHAMY AL H7 &
3, Fig. 29} Fig. 391 Yehd ulg} o), 3/ 8
o w4y wxe 7 WA gold i, 28R F
A9 F712 Yepsth

Fig. 12= Baker $?Vo] #Al§ MnSolA el &
AMAl mdg =AHAoZ vehlin, ol & B8 ¥
S 99449 ARsT "WAE FHH B +
ek

da oleg ¥HH FA#/HNAM MnSst &3
g o MnSet Hels NS Ao A4
Ad x2H9, JAEF49 &89 A &£73HA
HAAFY F71E oI5 €t ojwf, MnS¢} H,0
9] s A 47 S,07 F SE ¥ &
o] &8 FE Rz FFEHA, old ui YE Y
2 Aad #39& FAE7] 48 94 ol

fdErh 32 AdEE SEdY EH4714 o
AQE Sy HS T ME g7z BaH/=E @
H(Fig. 12(a)).?” #4E d4 o9 FEJ 7
Agd4 BEUANA MnCl, d3t& H%e F48 +
9= AA A (critical value) o]dtolH, VA F&£L
ARFHE DL FAAR d=3 e F 59 AFE
ez oA BYPck(Fig. 12(b)). ¥ MnSe|
717} Stewart T ATAT 3 dA =7
ol el :,® PP vA HES sl Y
7} 83 Mn?*t o]o] BE iz s
7171 FE AH48HE AETE B E, UE A9
4 o] =7t MnCl, 9388 34E + Ae
5 ojao] Hel 7INFE F¥H MnCl, ¥=H&
A ¥ }(Fig. 12(c)). MnCl;& FeCl9t tjE¢} 7]
A4 FUAAMY AEFHIE YAFLEZH, 7
E7 A Feln AdHoz HAE 5 Ue 87
& AFHgI

FAEAA A HUHE AAe g8
HE 98 742 Ba7t ot Osozawa 9 A
7} 0.2wt% ¥7tE 21Cr-22Ni-1.5Mo A®iQlel A%
o thg 20% FeCl; &dore] AXAIY F, £
EFHozhy qRYUE o]2& FAEIAUD &S
olg|g A¥FAAE EUE HE UdA (1)4H
2e Ax S39HeE A

N+ 4H* + 3e — NH,* (1)

Z, 23¥ A4 HE Y9 Fi ol vig
3o dRUE o2& A4 (dRY ot A4 o
£), o8 ¥ wedu E U pHrt Relxle
Ae BAEA =Hxm, JEZ AFHA s A
o RFHEHE A& FJddn FFsA . 3
A8}, Bandy $%0] &% ule} o] A 43
= &322 (cathodic reaction)2. @M, B Y
A$-9 ol F2EF & FHAA(EL A3d
$) 22 Me @z oz 9o wgol dojyt
71 €A €k E=H Newman T2 FH A
A8 58, HE Ay UL o] &
8 pH F7te mo(A 47 0.25wt% Q1 A4,
HY 3524F 0.04M F2)& RYch L], &
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(A) . .
issolutio
o ["25 S0 - . . .
N -~ 273 cl (a) Anodic nature of dissolving
TN DI inclusions attracts a high local
4 \ s S o concentration of Cl' to the site
N \ :, e “"“cl"
CO Malt e Melty O a0 (b) Largest concentration of Mn* and
‘\C' fLe ) i Emme— CI' accumulating in the bulk solution
above the small cavity
MnS Metal (c) Exposed bare metal repassivates
{8)
o as

Metal

)

——— -

/ - [ lll'i"F .
/onunl" Con

Metal

Partial MoS Dissoluti

(a) Further dissolytion causes an
increasing Mn“ and Cl

concentration within the cavity

(b) Uni-directional diffusion restricts
the transport of corrosion products
away from the cavity

(c) Exposed cavity wall repassivates

(a) Critical concentration of Mn®' and
Cl" attained for precipitation of
MnCl; salt film.

(b) The salt film prevents repassivation
and provides conditions favouring
stabilized metallic corrosion

Fig. 12. A proposed model for pit initiation at Mns inclusions, after M.A. Baker and J. E. Castle.?"

A8 A 2ol Fa FAAANHI 7H
40| oid HFE MAEY AL, FAMA 271
2Al A H7E Fad ¥RYUF ol YN §
& 34 dAade 28 A @& Ao AG
gt

258 99949 A A zdE A4
22 AfE ¥4 &9 g 49" ¢ 3
t}. Vanini $'V& Fe-17Cr-13Ni-0.15N, Fe-18Cr-
10Ni g3 304 2Hde2% F 3%9 AldE
0.5M HS0, A4 &qdA GFEFTAESE & 2
I, MoZt fle A% Aa Arles A4 &
gl 718 REE By E@ AEE FEH
A F XPS BHENY A4, Axv $FUY

(anodic segregation)e]] 3] EH FZEHULE
aEsen, 3E die RFH Ao A
3Ee =2 3T FESH dE Aoz 34
gttt ®£3% Olefiord Y% Fe-20Cr-20Ni-6Mo-
0.011N 2 Fe-20Cr-20Ni-6Mo-0.2N 289 A)¥
¢ 0.IM HCI+0.4M NaCl &9 4 2AgF A,
FAAHA YFTEFT AFAMHE & ZHo)& Holx
g2 ud, REg G 2 @4 AFde
& Aol Y& & BHEIHAL F, 500mVg2
38 AlEe H$, 22C A4Y¥ Y994 A7)
7hE A e AEE EUAT HEY R4 F
o o dRrawel e A wA, AAE
7hgt AlEe A AFLF A g a8

#*
3
e
A
]
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65CAME AAa7t HAMEA @2 AJHL A% F
alo] AP oY, ALE HNE AHY A9,
FA AFFesisElo Ry AHE /ASHAC
o]Ex 94l ESCA #4ozkE, L5d A4
Al Aot VA E4e Alde AAavl AN
o) 1ee HEo, Vanini 39 Anet: 2
ag FES YAHA gUddn =3y
Willenbruch ¥e A7l glgtz oz FHA 3(sur
face nitriding)Al 71 4%FF9 € Adeiad did
01M HCl &g GFEIFAIEE 8, BH
Ao g8 BE FH AlFY YAM FH B
Aol FA(F i B, B 371 B i B4 E
& HYc =3 XPS #AFHE B3, 549 ¥
2o 71X F4& AW Cr, Ni(z2el2 Mo)7t 53
HAS S g on, o8 @ F40ES AL
o] B4 AfEol ¥AHE Aoz FAIYY. o8
o HY FNM B8 wE Age, 316 2H QY
glxte]l 28 $FYL Fe, Cr, Ni, MoE &9
AN F FFEF AFS #FF d, Gy
Moe] ZA$-£ F2 §4o] ¥48 ¢¥H, Nie A9
A7t e, Fed A9+ 238 2HA s
g3 FALH7 o =RZHAGE Aok ol
A ERE 5L 316 AdHdg AR AAE
A7ME RS, 8L dgoA Feo] MY
£871 dolun, waty JAFS4 EHAAME 2
29 o] Cr ¥ Morl &€ 493y
E3L NS4S 384 BAHE 2§ FEL, o
£ ()47 22 ABweE B4, 7IXF&0) F
A7 =2HAL W 56 AT L &
olatAl Fo=H FAAPAHE YAANE F o
I FRP G0

2 CrN+3 H;0,4,— Cr,0; + 2 NH;(ligands) (2)

RAF7AN e =28 EUEZ o §FAe 34
44 AHE f339 UL 2o

(1) 448 /T H2 L4994 MnSe 473
1 &8, (2) MnSe| &&d @& JIXNFE =2,
agl3 MnSe} 7IXE4 AWdAe v4 HE Y
4, 3) =2€ 7IAF& AR 2 vk

229 94 ole #Y/TEW pH 22, (4) B
Ml TE W g4 ole FEs AAN ol 4o
W MnClL, Bt 84 @ 735 A2E o
A, (5) ¢HY AE9) F%d 43

283 Hrke AaE 99 B9 F, MeS F9
o =2d 7INFE EUAANY HEZHE $o|
A %oz FTANYHE BAANE Aoz
AAEY. B8 v HE YolHe ¢EUSE oe
g40 @ pH Z71E QA mlusple s
24 S4E SANYE U U2E = oz
gz

5.4 B

I 47 2H91E]2% Fe-20Mn-17Cr-14Ni-2.2Mo
geo ZAEAC g @ Aol dge go}
w7 Asd AAE Zzh 0.004, 0.314, 0.387wt%
AN F, 429 0.1M KCl 94 23
2 F2A A in-situ BEE 3¢t a2z 7
e A7z 9 uATE #EE sgT oy
A2 HE wieoz 3§, o] FFNA FHA
Fol @8l o3 e Fag Ao
1) A H7tel o8 o] §Fo FAANN A
Z718td ok g, BEd 99N 243/
Y MES A FHEE AFoF Aol dA
He Aoz Hol HE AiE o UF9 RF
8 E4& g7 e Aoz Yz

2) gL 2R exHyelEldoes FAFo
e, Jud AEE PR st

wata, HrrE AA(HY 0387Twt%)es BF 2
2H U E sARFY n8d Aoz HFAHUG.
o] g EAde Fad vHFEH NAES MnS
9} AlO301 81t

3) A in-situ TAEH, A4 HE
dHglel 4L g4 AAE AAAN ARHY
o} watA, o] #§F EA st MnSst Fa¥ F
27 A1 & o] v, stoichiometic MnSe] AL of ¥
FolMe e A 3o o Aoz BaEd
4) 304 & 316 2HIde| 239 mp@stA =,
13 A2 AE Arig HAv o2

Al
<
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UolEAbd 148 Bz BAE A4S, 94 oL (1987).

& &3 =4 BYrldre FAAFH L FA 14. D. S. Shahapurkar and W. M. Small, Metall. Trans.
A7 4 gdee #HoE 4 Uk B, 18B, 225 (1987).

A
A

7

x 7

B Ay dies dEFSHEITA(NRIM)A

Fslgon, ANEE AFIHn Fu o A&
38l 74 NRIM¢] Katada Yasuyuki BHA}Y
HALE =gy
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