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Stress Corrosion Cracking Susceptibility and Cracking Criteria of 13 Cr

in Neutral Chloride

Martensitic Stainless Steels Solution at Room

Temperature

Toshinori OZAKI and Yuichi ISHIKAWA

Synopsis :

Hydrogen embrittlement of 13Cr martensitic stainless steel was evaluated in 3% NaCl solution at room
temperature using slow strain rate technique (SSRT) and step loading constant load SCC test with simul-
taneous electrochemical measurements. Under SSRT conditions pits formed during plastic deformation
may become the crack initiation site and dissolution of newly created slip steps causes enrichment of the
solution in the pit, and thus providing the environment dispensable for hydrogen embrittlement cracking.
Hydrogen embrittlement susceptibility represented by Iscc increases with increasing hardness of the steel
and decreasing crosshead speed. However hydrogen embrittlement susceptibility disappears at hardness
lower than HV 235. Susceptibility index determined by step loading SCC test (o5 — ggcc)/ on relates well
with Iscc. This relation is quite useful for determining the design stress of 13Cr martensitic stainless
steel components. Furthermore modified AISI414 stainless steel (Ni and Mo addition) exhibits a slightly
higher resistance against hydrogen embrittlement.
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KB OALFERS, BABEEHB I UBMBLE %
Table 1 2773, KA B XU DI AISI414 #, 3K
Bit 414 8812 Ni & Mo %# 0.5~1% FEERML-HUR
$, #LTHBCIE SUSA03 TH 5. HMHEHIE
TEEOBEA NI, B & LIRE * 480~720°C [T
WERE AL S 7. HEB-4 3L B ESN
CHEDEZZONTUWA 2ERLE LMY Thob. Z0
FEE, 540~600°C b & L DsBbit & s S 1Y,
COREUTORES & LHSBEEM, SHICHIERTD
Bed & LM AMRRERE O ESBUb M Ch B Y. 2272, K
B B-5 13 Aqg HULETHEDL L L 0MERELFHSB
BTEMEICR2LbDLEESNS.

SREER OKIZFEATE A 35 mm X 5mm X 1 mm OH
WEIPRAERH TH A, ARERREIXAT S 2 TRERE(LL
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Table 1. Chemical composition, heat treatment and
mechanical properties of specimens.

(wt%)
C Si Mn P S | Ni Cr Mo
A 0.13 0.68 0.7 0.024 0.018 1.45 11.97 0.05
B 0.10 0.38 0.56 0.020 0.013 2.40 12.41 0.55
c 0.10 0.28 0.76 0.012 0.003 0.11 12.10 0.03
D 0.12 0.64 0.66 0.018 0.014 1.42 12.41 0.06
No. | Quench Temper Tensile strength E'°"g/jﬂ°"- Harar\lless,
A-1 480°C X 2h 164kgf/mm? 8.6 430
A-2 540°C X 2h 125 6.0 360
A-3 600°C X2h 98 10.6 262
A-4 670°C X2h 88 14.3 234
A-5 720°C X 2h 83 14.5 234
B-1 480°C X 2h 150 9.2 415
B-2 | 970°C X2h 570°C X2h 98 11.3 2717
B-3 —0.Q 670°C X2h 87 9.8 255
B-4 Double 3, 82 15.6 228
temper
B-5 720°C X 2h 105 10.5 292
[o] 700°C X5h 5 26.6 234
D-1 580°C X 4h 101 12.0 n
D-2 700°C X 1Th 101 1.7 257
%, (6/0C X2h—A.C)+(600°C X 10h—A.C)

HEINERTME, Isce, ERAUS L 0 EFf L 7.
Lce = (€on — €corr ) / €on
2L, e EBRMW, VA A NP TOR

B O, ecorr : BEEDHR R T DO BN Y
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o) ATy Tu—F 4 v VECLLZEMEILIREE

naBx
bk L7228 3% NaCl, pH =3 O&E#HEFICBV TR

ERE A BEITIEYD L, ZOMEL LYD 5 kegf/mm® X

N 24h TE I 5kgf/mm® oML, BHETL CREOIG

NERD, o2 HBAEENEATRIIEH, osce,
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Fig. 1 1Z/RF. 2R 3% NaCl B A B1) % AAERHN
2o a ANy FE#E, C. S DEDIZHEVBRK#H U O
TAROL N, REMEHIHVICT BRI VEZTE 2R
FTHLNEEZOLND., COXIIZTNT YA FRAT
YL AEROEA, C.SH 10  mm/s BEETETLT
LEMIE T IBRREUEZRTONFEHN L) TH
2979 = ILAEAS C. S LS TRRIS T ETHE
TLBEER LA NEBHES HE &t E 2 hidZz oL
BEGHPBER I LE L sh 30, L ICRRT S
HEEZIOLNAE, IhoHORBEROA, AFC, D-1
BXUD-2 0% EE LT Fig. 2R Y. ®&LY, D
-1 £ D-2 ENEZMIE C. S OETICEVIZITHER
WIERTLTED, Bng#Es» HE oL —H LT
LI THAM, 22T, ABCIR, Iscc=0.1~0.15
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No.| C.S{mm/s} | Environ.
1| 1.5x107* oil 0 )
2 ” 10°¢ 10°° 10~
20} 3 | 6.7x10° 3% Cross head speed, C.S/mm.§'
4 | 1.5x10° NaCl
5 | 1.5x10° Fig. 2. Relationship between SCC susceptibility
0 Iscc and crosshead speed of SUS403 (c) and
0 5 /% 10 15 AISI414 (D-1, D-2) stainless steels tested under
SSRT test conditions in 3% NaCl solution at room
Fig. 1. Stress-strain curve of the AISI414 stain- temperature.

less steel tempered at 700°C under SSRT test con-
dition in silicon oil and 3% NaCl solution at room
temperature at various crosshead speeds.

a) 1.5X107% mm/s in silicon oil b) 1.5X10™ 4 mm/s
¢) 1.5X107° mm/s d) 1.5X10" % mm/s

Photo. 2. Fracture surfaces showing the crack nu-
cleation site of the SUS403 stainless steel tem-

a) 1.5X10™* mm/s in silicon oil ~ b) 1.5X10™* mm/s pered at 700°C tested under SSRT test condi-
¢) 1.5X1075 mm/s d) 1.5X10 8 mm/s tions in 3% NaCl solution at room temperature at
Photo. 1. Fracture surfaces of the AISI414 stain- various crosshead speeds.

less steel tempered at 600°C tested under SSRT
test conditions in 3% NaCl solution at room temper-

ature at various crosshead speed. WERE O WIS < 2 D, HA— 253 4 FER
IZZ D - HEHTEEOFIAEI AL TS, —F, Photo.

LIIF—ETH N, Ai#E 2 AR H~_F B RO 2 BAB COWMEEEENPILKERETHS. b
THAEVHDLFFHE NS, Photo. 1 3K D-1 OB 3w hofsdb~ry oI dERHEKECHS. L
BRI A C.SOFEETHA. C.SOERTIHE L, HKEELZFEMICAL L C. SA/MSL 2512
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Fig. 3. Relationship between SCC susceptibility
Iscc and tempering temperature of AISI414 (A)
and modified AISI414 (B) stainless steels tested
under SSRT test conditions in 3% NaCl solution at
room temperature.
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Fig. 4. Relationship between SCC fracture ratio
Sscc/So and tempering temperature of AISI414
(A) and modified AISI414 (B) stainless steels
tested under SSRT test conditions in 3% NaCl

solution at room temperature.
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b & LIREA 600°C LATF, Isce 75~0.2 LLEDBAT
HO, BEHROTDLSRD L Iscc DHHBEREZE %
BicETEHITHA.

KIiZ Fig. 5 IC& B3 o SSRT REEHR % F &
HDTRY. BED, Iscc IMBRESTHVIEZL, T
EABRESN/NEVITL, BT LZERPRL R,
HV < 235 0B 5RE % LU C i 81 B P A5 2l 1 7l 26
LTWAHDOMEMATHSL. $habhb, TORRBEELL
TOMEERERZ L ICX>TUBHEEENFA % B
BILENTES.

3-2 SSRT BREPICH T 2HABOBRILZEE)

FESBALM TH BB A-5 £ H\v SSRT KB
Eeore %, FRGICHIE L 72450570 & 3212 Fig. 6 I3RT.
E... (3REBRY W —0.15V vs. SCE %7~ L, HHLEEA

C,D-2,D-1 [GATT=i5]
1.0 Loy @A =
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3 0.8F
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Fig. 5. Relationship between SCC susceptibility
Iscc and hardness of AISI414 (A-1~ A-5, D-1,
D-2) and SUS403 (c) stainless steels tempered at
various temperatures tested under SSRT test con-
ditions in 3% NaCl solution at room temperature at
various crosshead speeds.
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Fig. 6. Variation with time of stress and corrosion
potential for the steel A-5 under SSRT test at a
crosshead speed of 6.5 X 10 ™ >mm/s in 3% NaCl
solution at room temperature.

Ecorr/V.vs.SCE

Fig. 7. Relationship between corrosion potential of
a SUS420J, and pH in solution containing 20 (A)
and 20000 ppm (B) chloride at 20, 50 and 80°C.
Depassivation pH, pHy of the steel is about 3.5.
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Fig. 8. Polarization current of AISI414 stainless
steel tempered at various temperature during
SSRT test in 3% NaCl solution at room tempera-
ture at applied potential of —0.1 V vs. SCE.
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TR T %, SHEREBOBRICABOER S EE L
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¢) 600°C d) 720°C

a) Tempered at 480°C  b) 540°C
Photo. 3. Specimen surfaces of various tempered
AISI414 stainless steels tested under SSRT test
condition in 3% NaCl solution at room temperature
at applied potential —0.1 V vs. SCE.
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Fig. 9. Relationship between SCC threshold
stress ogcc and tensile strength. of AISI414 (A)
and modified AISI414 (B) stainless steels tested
under step loading SCC test condition in 3% NaCl
solution (pH : 3) at room temperature.
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(0a—0scc)/Te, by step loading SCC test.

o o
0 0.2 04 0.6 0.8 1.0
SCC susceptibility Iscc by SSRT

Fig. 10. Relationship between SCC susceptibility
index, ( op-oscc )/ op, determined by step loading
SCC test and that by SSRT test in 3% NaCl solu-

tion.

FER B2 NS, Fig. 10 3 EBDOBIEEKX Y Isce
DEBIZE S W (o — dsec)/os ER®D, Isce & AT
LTRLZ. HEb, ABETELIDEL2EHRELA
500, MEHROBICEREVWIIEFAR NS, ZOZ
IR AR AT HE % SSRT RER L V) ko /- 518 At
MELUHOREICHLFHATESLILERLTWV .
Photo. 4 3 ARERIZ BT HHWEHRROH TH 5.
480°C HEDL & LM (a), d)) BFKIEA—AFTF+ 1 M
RS> -8, 570°C HEL & LA (b), o)) EINnE
BO—EIw VT A4 I RZB2 MNP R LS
LOO, R SENERIT 480°C BEb & L & [k
WIHA =254 FRERIZFOTWA I BESN
5. —7F, 670°C LLLo#ed & Ui (c), £)) MR
WThsb IhoOBEEEL SSRT REBROBE LI
ZARRTH 5.

PlE&Yy, %iE 3% NaCl BHlFICHB1% 13Cr v
FoH A4 MERAT v L AO HE B 44%
MBI L0 LB TALOD, MEBSICL>TEHR
SNERES (HV=235) LT ChhidE RIS
RS VLDEFHEIE NS, T AAREEEF T, MR
DOHEBALREICES BRSO, 50
IGSCC A DT RELMICER LIS LD EER

a) d) Tempered at 480°C b) e) 570°C «c) f) 670°C
Photo. 4. Over views of the specimen and the fracture surfaces of the modified AISI414
stainless steel tempered at various temperatures tested under step loading SCC test con-
ditions in 3% NaCl solution (pH : 3) at room temperature.
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WoOBEMIT HT BTEKICEMLUT D —0.45 V vs. SCE
I CET Y 5.

2) SSRT HERFONEMNGEA % Cr RZRBIHH
BAL, — 0.1V s SCE IZFE L2, SHERS
AE OB SN & ERAREEIHEL BE SN, BBILH
EBIICER S L 2RO K X R ARERIBIE
ENB. 72, TOL EDOBRBERSEMBGKENMC
BALEBRII .

3) RHEREE D TIE IGSCC LI v, Zhid
MHEDPHEBEAL L T BB IR HERER L & 5 ALK
B Cr RZBOBEHS HEM, —0.1Vws. SCE BED
BEMT 1) OBHICLDMENICRIFTEL VWD T
»H5bH,

4) ABHE T, SSRT REREIC B2 ARBHO
e EENBZEAIMEE S O LR L EAEENRT
WWEDERLTHRBE SRS, LarL, HV<235 TRE
AHEEAT4.3X 10787 T THET LT ENRZMED
B EhY, COBRBIUTOME 2B & CRE
BT AEDBEEN YOS LI LA TES.

il

5) A7 v =74 ¥ S EMEICTEEENKERIC
LOTHBOLNZIENBEENEETRRELS oscc &
SSRT BRI X B BN BZHIBE [scc HITITHIEL
Foo L7252 TC, ARICBITSH SSRT REREIZ KL B 5
ilf i AR TE R ARER O G T) L OV 0 e 1 FI BT AT g
Thh.

Hb Do, RERICHW-BIEEAEE SSRT HKER
EEBOBELEROGEY L TV WAEHILRESE
MAERRIERT, SR EABEUR ISR RS L T,
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