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Effect of Low Tempering on the Corrosion Resistance in
420J2 Stainless Steel

Dong~Sub Kim

Department of Metallurgical Engineering
Graduate School of Industry
Pukyvong National University

Abstract

The effect of low tempering in the temperature range of 150~400 C on the
corrosion resistance in 420J2 stainless steel austenitized at 1000C was
investigated by the application of salt spray test, electrochemical pitting test in
3.5% NaCl solution and DL-EPR test for intergranular corrosion in 0.5M H»SO,
+0.01M KSCN solution.

In salt spray test, good corrosion resistance was obtained in the tempering
temperature range of 150~250C. Pitting potential was increased to the
tempering temperature of 2507C, but decreased with the increase of temperature
up to 400C. It was thought that the degradation of pitting corrosion resistance
showed at the tempering temperature of around 400C was due to the
precipitation of Cr;Cs
The degree of sensitization showed increasing tendency with the increase of
tempering temperature, and also Cr depletion phenomena were observed in the

vicinity of grain boundary.



.4 &
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2. A3y

2.1. 3

Table 12 2 Ago] AFE3E QA7FFH 420]2 7 BAH(5¢ )] 38tz
< YE AT

Table 1. Chemical composition of 420]J2 stainless steel(wt.%)

C Mn Si Cr Ni P S
0.32 0.30 0.25 12.5 0.14 0.015 0.004
2.2. €A%

12012 9] QxElolES} A2l ol2E B¢vle dAAZE o],
1000 TAA 1412 #7 F D230 Z4 G4 Ay A= 44
s, 9P 50T HACR 150 TAM 400 TAA AL 293P &

T
=AM 1A A F ke 280 s
2.3. =AY 2 ulAx3F FA

e2HYolE3 A7 & dHuE 2xo mE AL vlojaw v¥AA
AL7|E o] &3 =AsA 1, v FA LS Methano! 100me + HC! 20me 2]
TIE AN A o A T FARAI A E 0] A (SEM) 2 F8ten) S o] &35l
}oict.

gl 2 dge] (Y % F M 52 400Te Ae= HHPEA A

e
B S
32




e NZesES A7) A8 we Al E AlZE, 10% Perchloric acid
+ 90% Methanol® Z&do) A Jet polishing 3t 200kVe] TEME o] &

sto) B,
2.4. WAAANHE

B Fo] WAEA H7tRE KD 950201 A FFEFAG 1 9
A71818d FAAE 2 DL-EPR e FAIFA AEE 4
FAFANE B9 & mE 7] AL 2 B9 THLHE AL
stk 2Ela FAA AL pH 63 30 T2 3.5% NaCl HajdelA FHY
191y 2%o & FAAH(pitting potential )& H]
wakdon FHFATE SEMO R #FIUTE. 53] FAAPA ] A FH
& d2me] AlH EFhe] x5 e #1000 9] ol gAE o] &,
BEHe] ArPdHE dASA ¢ F BB A (2734 Potentiostat /
Galvanostat, EG & GAB)oll Fasted AAstdct. B FAA A A2
No2 3083 =&ASka -700mVell A Al S9AA A A4EES AAS
Agsz AN 523 ds A7 F PEsE AART -5V e
AN FA} 5 20mV/nino 2 FAY BIAGL AN, AR REH)
slte] wEe] FTAFVES 77 st A9 =, FAAAE
Z4sha v wahach,

g, AAF-AA AL Novak S[12]0] AIFsE 30 T2l 0.5M HS04+0.01M
KSCN 894 AtgsldEd, N2 €7 & FASE 300mV/minl 2 200mVsc
A Q7B FAAA7A L FAEER GFAHreverse scanning) Al
71 DL-EPR(Double Loop Electrochemical Potentiodynamic Reactivation) *%

We Eobo] 93 exo ME FATANGFITADAY A FFARVE



(la)® FFAMA HRAFLEg(Ir) 9] B2 YA AN S = (Degree of
Sensitization, DOS%)E ZAFs}Sth. L3 EPMAE o]&, A F4dE %
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3.1. P A=A} ZAx

rlo

Fig. 1& 1000 CTolA] LxgUolES & ®lHy X0 g SEM =3
olty. WY £xo A BAGlel NAZHL AR AHE vl2dAloE
o], BN A A vH HEFEES FZ nfEXtolE] Juig} U
T zdHUolE QAlelA f@EE 1 oy SEM AR E WHEER ¢
o}, 2 350 T oldte] A2 €Y A4F
A=[5] MLAI2] (Fe,Cr) B3ES0] F2 EAT Aoz FAHIAY.
i 400 T BHPIME Fig. 19 (d) ¢ 2o} vt= ol =9 E37}
i Bo] AgPHo) ASL & F o Fig. 20149 o] TEMOZ wjA=
A3 HEeeso] AAR S BAE B A, 37 AA dold 9
vtz gAlol B9l AA WRo] wWEAd e b 92 @t HEEE0]
el don ojgd #del MEFEELS MCGAS (s B3EY0]
R el=
ey 400 T WP ANE Fig. 2004 " MCGAHY O B3
Qo= MCAl ©3}Bo] ¥ EAY Aoz JZE AT
£33 WCA BIHBEE mEdAloEA zEdEaBelA Ol EE
(Fe,Cr)C; ©3t832 Z 48x A3, = #5HIA 45 A8 714 Cr
et3l 8 % Crobe] gixFo] oF 60%2 b Atin LA Aei[14] 714
o] Cr mzol] 4 vH WAAge Fs® oivet A= deo Fo o
o] & 4 glvfa AzhE ).

upebx) AEWEE 2AE7] Y8 150~400 T7EA 9] Elw e mE A
Lk ZARGE AT}, Fig. 37 o] 150 Te] fuPoAs QL2HoE

oﬁ



3 % 5% AH 2oize 1Ee AEES dehiglot o 300 TAA
=AY 2ol Aol meh ARG gass A%S Rt ey
360~400 T2 99Y =7t 358l me oAl AEghe] Frbste 24
Ast AR[15]2 HepEd, ol AL 350 T olslolq AN Fz E
At MCA BHBEC] AR STl WGAL Crl; BHBER HE
Wi olefd MGA BHEEL A% Gz AEH Ax 2=

/A& F7HISIAZI 7] d&oletn BAZ= ATt



Fig.l SEM micrographs of 420J2 stainless steel tempered at (a) 15

0C, (b) 250TC, (c¢) 350TC, (d) 400C after austenitizing treatment
at 10007C



Fig.2 TEM micrograph and diffraction of carbide formed at
400C tempering
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Fig.3 Hardness change with tempering temperature

(austenitizing temp. 1000C)
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3.2. WA EA
3.2.1. d5E5(Salt spray) A8

Fig. 4] 420J2 ~HJd 2% BAE 2280 EZ A F, A9
2xo] e dFEF AE 235 YEpAY.

Fig. 4olx e} o] BFg o] Frbo met 7] @A)l HFAste
A%S Holm e, 150~250 T FHldE oF 110~120 Altez A
o) fAketz AA el @el o9& WAl ¢5EE ¢ F dn, E
300 CE ZAAZ 350 T 400 T2 WY 2%7 F7ighol we 27) &
HAko] oF 17~45 A7t WAE Foldg & 4 Yo} AHoR @5
g W4 gol vuckn Bk 4 glck.

Fig. 55 ¥9% 2xd m& 585 AP 27] T3] vepd AgH e

il

Jeoz, QAR By 27} &

& % olth. oloh ol Aol o@ WA HANMNE BslY 2xof
e} Aol7t e AL WP MESE O B8E 59 ngzgo
2 vl37) WRolehn AAHYL

Fig. 62 1000 CA SxvUolE8 F @signeA 2z duy 2=
Me BaEn)y 248 vehith 293 2xe] b mE wa 4%
go Wejo} £3% 2AUE Uelux gou 7Az4e s vz

APlEE UERH I ATt

=5 27 2¥¥E o 2 Re
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Initial appearance time of rust (hr)
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Fig.4 Relation bhetween intitial appearance time of rust and

tempering temperature for the specimens after salt spray

test
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Tempering Temp.(T) Feature of initial rust
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Fig. 5. Feature of initail rust of 420J2 stainless steel bar

after salt spray test.
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Fig.6 Microstructure of 420J2 stainless steel tempered at (a) 15
0C, (b) 200°C, (c) 250°C, (d) 300°C, (e) 350 °C, (f) 400 C after
austenitiging treatment at 10007T
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3.2.2. &4(pitting) A

A5E BASAN seezge] & vpehtE TRl s B4

9AANE Adede] 24 9 28, pll, 223 AWA BAAE}

FHol AFE mA, E FFHA ARZA FFda, DA L I}

Fol ek 2 Aol Aol7h Qe YA Abdolch wehd B ATl

A ApEelAg gol FANYAY BAANE YA HL B

exo we FHAAE A/AGH PIANGL Bael zAsgEd,
3.

Fig. 7 & 3.5% NaCl &4l X S4AAF Aajolrt. Fig. 7 ol o]
4 FF3HAL GBE o2 A 2HdH2G F Yehds dHE 2
FE-FE o] HolAA e AAA 3 TdR FFE FueM s4n 2
2 AEEEvt He AF4Y FEE 2 vEhda ok = 5 Il
ol FHHA FaolA 57 st FAAAE BHD 27 o
£ BFET350T 2 400 T2 52 97 dAd ez o &2 H%& 2
ola glrh. of2F FAAAE AR IHFA ] WA @A F43
T/hetE AR AHHHOR o] gro] & E vl(base)d 5, T4 W

st HAAgdo] grka 37td 4 QQrH16].

webA Fig. 8 Zbzte] 57 dolA 533 49 ¢S 29 2=
of mal vlauste] Bkeh. Fig. 8 oAk o] 150 TollA 250 T7AA = F
A7 xS 400 TR RN 2=7F Aodel mel fgaste
4o 400 C 2WolA 7HE @2 gk& YER 2dol, NaClah 22 ¢
3 FA A FAAGAol FE F, FA] dg WA Aol Aste At
B7HE 4 Aot

ole} o] 400 T e} HHH 2xollA Fael dig WA dste] d
AN mA AN dHg upe} o] B %7 400 TR A5l o

-
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g} 2 o] F2 EASUT WCAS] et ESo] 97 Bafiste] Cr A
ol 7H 2 MLAQ Cri€s B8R AE57] B 71A9 rFE A
A FAAA AR S A7) Bj&Eolegta AZHEn.

Fig. 9& 34Ad ¥ Algdd g3 Yeld RE(pit)2] JHE SEMS R
#@ste] dEH R Ydepgded, B9Y 2o g RE FuH F
ot & Aol7t d: BAE REEL AAY GATE Tues A A
T2 Yepgo] glsAnt. ® AEC] MR E wi¢ EFHsta o]9
vieke AEC] Aol ofs) AR o] PPV QEF cavity FHE

A BYE Holx tt,
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Potential mV/ SCE)
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®:150C Tempering Aquenitizing Temperature : 100021,:-
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Current Density (A/em?)

Fig. 7. The
in 3.5% Nacl

polariation curves of pitting corrosion test
solution (pH:6,Temp.:30C) of 420J2 stainless

steel after tempering treatment
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Fig.8 Pitting potential of 420J2 stainless steel corrosion
tested in 3.5% NaCl solution at 30C after

treatment
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Fig.9 SEM micrographs of pits after pitting corrosion
test of 420J2 stainless steel in 3.5% NaCl solution
(tempering temp.: 400T)
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3.2.3. DL-EPR YA %Al (Intergranular corrosion) A&

AutA o2 DL-EPR A& AlgHE F5H dFold g Gor AR
SA7I9 CdRistd g JEHF AR, qRUss A G g A
g stet] Feths AMEE ol &ste dFEFA AdAREE la @7
AR FA ) HAAFL=(HEAE3AT) Ir @ vE U= (D0SK) &
AL, AIR-Ale] ARE F7hska At

Fig. 102 digdog ®s8 227t 200, 300 2 400TC<Q AL
DL-EPR ¥ o2 Ag3 EFIFHER, GHFAIAGG JFAA] BFT Mo
7] AAEHE vertex AYE < 200mV oIttt BIAHA AFA &
E2 FFFAM AdAFEEg(la)S 550 Holhtg wo] AgiEe 9
8 o o] AF{V 22A Fdke AHoln & A9t T4t mEr B
g o] JAH 7] AlRAsE Al7]ojE2 AFVE 4Ar] Dol e AHS
el =dl, Fig, 9olA b Zo] (199 257t 2855 o ¥& ge 2

10

o1 YT L F Atk E FITFAA Ase) FtE Bt $Ed A
F kol dReA % tha gavE Re noltd oA W99 T
ol e $FH wne] $A F7bF 427 sREolu, vertex WA
2 99y eEe] e RIFAsc & 9AHA e A4S AEH E

Hel A7 dAsHA @7 wWEoletar Az E AT

g, AFAA] AFe] o] FUhshr] AlREe AE r 2@ de] AF

85 7] ofZol, o] o] HWHREEI}(IrS F58) IA%F Cr ¢
Aol A JAFA S A(YAZASA)Q KSCNol| oJ3) 735 HAF

ot 17]. Fig. 112 Fig. 109 &5F4dolA o1 23%E ol &, JAH

2ol AxgE 4 F v AU E DOS(Ir/la) %5 BHY %o wet

Albste] VeI
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Fig. 11elA 9 2ol DOS %= B9 &57F 245 S8t 23S =
olil o] A Y =7} FolA | SiAF el ¥ AAE & 5 Ao,
Fig. 125 AT Ags AdaA HHe] SEM AP S 2, 200 CHUPE
400C APl 97 AR Axrt o 2 AL ¢ F dok 2y
AEH BHolE YAFAR ohdet F4 TR Bol vElya 9lo] B A
ol AF8d H.S04 2 KSCNel w27 4202 7o Afole e 715Ee
& ok, whEbr 4202 e 9lE DL-EPR AlEA] A8 &de] FE9}
FAEE T HAHe 2AE AA, AT ARH oz R AL
e PJrrd F e A7V FF o e Ao2 AZEACH 18],
Fig. 135 441549 9U9& HEsH7] sk SEM-EPMAR AT € Al
el 4A el Cr 3] AEMS Al Avtolrt. SEM ARl A <}
Zol A= A &= 2d Fes el 9A 2% o 4
o] QJAIRTE FAaFo]l e AoF Hol 420]2 7o AARAE A2
o FAelA (r =7t @I, & o] BFo] FHAR FFd o] o

BasE ANA AR T FAW Aoz B,

m1
5

A
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L Austenitizing Temperature : 1000C
300

Potential mV/ SCE)

500 -

_700- TR BRI RTITY BT RN T BT

~——200T Tempering
----300T Tempering

10

Current Density (A/cm?)

Fig. 10. The polarization curves of double EPR test

n

0.5 H.S0,+0.01M KSCN solution of the specimens after

tempering at 200C, 300C and 400TC
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AustenitizingTemperature : 1000T

DOS (Ir / Ia)%
||

0 L 1 I
200 300 400

Tempering Temperature (C)

Fig. 11. Degree of sensitization in a solution of 0.5M
H.,SO,+0.01M KSCN of the specimens after tempering at 20
0. 300T and 400T
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(a) (b)

Fig.12 SEM micrographs showing surface of the specimens after

intergranular corrosion test (a:200TC, b:400T)
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Fig.13 SEM-EPMA analysis of the specimen tempered at 400C for 1lh
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4. 4 £

1000ColA e 2euolE3t A2)d 420J2 2EIQlel Aol WA 4o} v
£ 150~400C ESlel AR RHY) FFE 2AEI] st PlA =}
HEol GFEFAG, A7 FANE D DL-EPR AARAANEE B

sto] 712AR A7 AR A3 ge3 2 288 4

1. 150~250C2] BHy 2EFoNAE GFEFAEA 27] 2 ATo]
do] ol 23 53 WAA S el oL, 400CTE §¥9 3 2%
7} Aol wel W2 A 3EE Q).

2. 3.5% NaCl &Aool EFAIGA] FAAAE 250Ce] B3P 2=7A =
F7reh ok, 28y 400C 2o Huy 2xvt Asdel mel 34
A9e #aste Aoz T2 gig FAAGAH ] dotded, oA

& CrCs &3] A E g od AZAH AT

3. DL-EPR 4ol 1@ AR AgA, QAR D0S 4 BHY &
%o 45ow Frhets A%e myow, ASEe or A¥e 1y
Axol AL,
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