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Fatigue Behavior of Stainless Steels with Different Ferrite and Austenite Volume Fraction in 3%NaCl Solution

Masayuki AKITA, Masaki NAKAIIMA and Keiro TOKAII

Synopsis : Fatigue tests in 3%NaCl solution have been performed on stainless steels with different volume fraction of ferritic (a)/austenitic () phases in

order to clarify the influence of corrosive environment on crack initiation and growth behavior. Specimens with five different volume frac-
tions of ferritic/austenitic phases, i.e. SUS304 (100%Y), SUS329J4L (50%y, 28%Yy, 12%Y), SUS444 (100%cx), were prepared. Cracks were
generated predominantly from slip band within y grains in SUS304 and SUS329J4L and within ¢ grains in SUS444, which was the same be-

havior as in laboratory air. Fatigue strengths in 3%NaCl solution slightly decreased for all materials compared to those in laboratory air. In

early crack growth region, crack growth rates in 3%NaCl solution were faster than in laboratory air. In SEM observation, the brittle feature

was seen on the fracture surfaces near the crack initiation site. Environmental effect was also found in high AKX region for long cracks, where

crack growth was enhanced in 3%NaCl solution.

Key words : fatigue; crack initiation; early crack growth; phase fraction; ferritic stainless steel; duplex stainless steel; austenitic stainless steel.
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Table 1. Chemical compositions of the materials (mass%o).

Material C Si Mn P S Ni Cr | Mo | Fe
SUS304 0.05 | 0.46 | 1.33 |0.0310.003 | 821 | 18.25( 0.28 | Bal.
SUS329J4L | 0.015 | 0.41 | 0.71 | 0.031 |0.0002{ 6.71 | 25.60 | 3.06 | Bal.
SUS444 0.004 | 0.06 | 0.1 |0.024|0.006| 0.11 | 18.72 [ 1.81 | Bal.

Table 2. Mechanical properties of the materials.
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MPa MP2 % %
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Fig. 1. Relationship between potential and current density.

= Axial loading SUS329J4L
% 400 (®=-D 3%NaCl LA.
= © 50%y A A
© - v &Kz 28%y & Lo
b < 12%y ¥ V¥
Q300 Ay 2
K = &
= L -]
& o o Bff Vv Niniiig
g oYy emm @ VY
v 2001 ®
= 3%NaCl L.A.
»n — SUS304 (100%vy) @ 0]
SUS444 (100% o) M a
100 raanl Ll Lol Lol L
10* 10° 10° 10’
Number of cycles to failure Ny
Fig. 2. S-N diagram.
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Fig. 3. Normalized S—N diagram.
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Fig. 4. SEM micrographs of crack initiation site.
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Fig. 5. Early crack growth behavior after crack initiation.
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(a) SUS304, (b) SUS329J4L, (c) SUS444.
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Fig. 6. Crack growth behavior for small cracks.
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Fig. 7. Crack growth behavior for long cracks.
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Table 3. AK values and crack lengths at which crack
growth rates in 3%NacCl solution correspond with

those in L.A.

Material AK 2

MPay/m mm

SUS304 (100% v) 6.8 1.8
(50% vy ) 6.3 0.15
SUS329J4L. ((28% v ) 2.7 0.09
(12% v ) 2.4 0.07
SUS444 (100% o) 3.1 0.26
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Table 4. AK and AK; values for long cracks at which
crack growth began to accelerate.

Material ‘ AK A K
MPa/m MPay/m
SUS304 (100% v ) 23.4 15.9
(50% y)| 28.0 10.8
SUS329J4L[(28% v )| 44.7 16.2
12% y)]| 59.2 19.2
SUS444 (100% ) | 196 17.2
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(d) SUS329J4L (12% v)

A K=23.3MPavm
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Fig. 10. SEM micrographs of fracture.
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Bzt - T, 2hEho~SHEXBIC k) % F & 38R
HE I 2 EA AR T, ZO@EMIIEKFTEEDS
BV, MAT, ZhZho 28-HEOXBIZH T, K
HOEFGERBEE I ATPICHRTEHEEEMIZS 5,
SUS304 DAERIZENTD R, 2¢=0.1~02mmiZFit %K
KD ERERRE HPEKFDZh%E LBl > Ths4, Z
NITREUIHT 2 AIIRICER L T EELZ LS,
%, SUS304DIFEARFIZEIT B 2c=02~03 mmDFERIZ
HEOEE LB T gy, FEHIODWTHERT S &
SUS329J4L D -1 % ZHER W A DM EHI R TE,
F 72, SUS329J4L O 3FEMHD M FHI D Tid, 50%y #f A3
O IEERNZRE L, 28%y it L 12%y i y O I
EOERBMHICAE L 20, &k, KRPTO/[RE L
T, WTFROMKE & &TEXENC B 5 BB DZE N
XT3, ZhiZFig SIZR6NS L5110, 2%
HBEOE O TOMEABIZE T B do/dNDZEBI KR &
WARTAHRWZ LIERL T35,

XKiz, EEERBOMBIZE Z 2RBEORELHL T
37:8, HIELIEKRPE XORKRPIZH T 5 2 25ERS
B (ML (de/dNyy, nao)(de/dN ) %, E3SFEE2e
IZDWTR®D 7z, BREFig 121277, K& ho
FHZ B W T, 2Pk 2D E - T, MELIZ/D
EL BT Lhbhrb, Thid, BrhEHOMEBIZHNT
B o NEARPIZH T IEA, 2 HTEORIIZED
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Crack length
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SUS304 SUS329J4L SUS444

Fig. 12. Relationship between acceleration ratio and vol-

ume flaction of /Y phases.

INEL BBTEEBKLTWS, £/, MBI OWTH
B9 % & SUS329J4L D 50%y # & SUS444 DR A E W,
SUS329JAL D 3FEMHD MR- DWW TIHE T3 &, 50%y
DIEA R G &<, yHOBAIZEOIELIE TS %
fHE AR L7z, 2L, 50%y MO RKHFIZE T 5HE D
EhoZ IlERTH/BREELZLNS Y,

5. #8

AT T i3 SUS304 (100%7), SUS329J4L (50%7, 28%Y,
12%7) B & U SUS444 (100%a) D 3FEFED A 7 v L A # %
VT, 3%NaCl KRB HIZ BTN RER AT, %3
RAE, VIR SR ZHOEBESICRITTHEED
HEIIDWTKRET L7, EXERIZLTOLED TH S,

(1) Bx3lLBEE2EOZ2F VL AHFO SN % I
B4 5L, SUSB29MLOEHRE R EELS, X\ T
SUS444, SUS304 DIET & %, HIRFWE T ¢ SUS329/4L
DEFERENE S EH <, KR\ T SUS444, SUS304DJIE &
Kol

(2) ZHEREABZVTHOMBIZEWTE yHES6 50T
aMNIZEC TR HELERE L2, ZOEFHTAKH
BT HAR-REFERTH - 72,

(3) ¥IHIZEREEHIZ BT, WTFhoME & iEx
RO EXZERFEEII AR D L AN TEESBICAE L 2,
i, EHERREOEHIIAK P LN EVEOL
K ot, ZOYHAMEREO MR da/dV-AKBIfRIZ & 5 BH
THKAKFEK TR 5N/,

(4) KEHODda/dN-AKBERTIX, WFhoMk 8 E
KD da/dNIZE AKFEIRIZE W T, REBFDEFNhED B
SREMICZH D, WEOPELZD b,

(5) RAEBOESTEXBICEIT 3P 2 EREE
IZDWT, EMBOEAITH &, SUS329J4L -1y % 54
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EREEEAMOMBICHRTELS o7, 7,
SUS329J4L O 3FEREDMEHZ DV T, 50%y M 2 KR E
iz, 2%y MHrEEERICAE L 7,

(6) 3%NaClKBEWHFIZHE T AREEHD EHERM
EomEOEA (M) (CHEET 5 &, SUS329J4LD
50%y # & SUS444 DI LA E <, SUS329J4L O 3FEHHD
MR TR y MO WA IS ORI E T 2 &R L
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