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Effect of Grain Boundary Precipitation on Low-Cycle Fatigue Behavior at
Elevated Temperature of SUS 316 Stainless Steel

S.W. Oh, T. Kunio, M. Shimizu, K.H. Yamada and T. Sato

Abstract

The temperature and the grain boundary precipitation have the great influence on the
low-cycle fatigue behavior of austenite stainless steel at elevated temperature.

For the purposi of investigating the mechanism concerning the change of fatigue
micro crack mode in SUS 316 under various conditions low-cycle fatigue test was carried
out at the elevated temperature 600°C, plastic strain range 2% and constant strain rate
0.5c.p.m. A special attention is given to the observation of intergranular crack initiation.

The results obtained are summarized as follows.
SUS 316 at 600°C is affected by transition of crack

The low-cycle fatigue behavior of
initiation mode from intergranular
to transgranular. The transition is due to the aging effect, which is caused by grain
boundary precipitations of CrsCe.
Since the intergranular crack initiation is brought about by the grain boundary sliding,
the transgranular crack initiates in case that the strengthening of grain boundary due

to the precipitation of Cr;Ce carbides takes

initiation.
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Table 1. Chemical composition of specimen
material (Wt%)

material | C | Si [Ma| P | S | Ni| Cr Mo

SUS 316 0.050.70]1. 580.03] 0.005) 10.40] 16.82}. 22
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Fig. 1. Typical microstructural features of the
SUS 316 (etched 25% HNO+75%HCI
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Table 2. Heat treatment and mechanical properties.

. i . tensile reduction
solution treatment | 2818 [ grain size Hv (100gf) strength of area N *

treatment | {pem) C (kgf/mm?) (93) !

| — | 53 | 176 | 61.7 80.8 | 221
i | - ;

. | 650°Cx2hr 58 | 201 61.0 81.0 | 300
1100°Cxthr | | |

| 650°Cx 10hr .| 55 | 207 | 62.4 | 7.2 | 316
f ‘ }

| 650°C X L0k | 50 | 204 | 645 | 67.7 322

* N,; number of cycles to fallure, 600°C, dep=2%, (.5C.p.m.
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Fig. 2. Shape and dimension of specimen (mm)
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Fig. 3. Hysteresis loop of specimen on constant
plastic strain type cyclic load.
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Fig. 9. Fractography of fracture by S.E.M. (600°C.

Riph - BRR -

156

ad

‘,,g‘;_ ,ﬁ&

) n/Ns=1,00, p=4.43
mm/mm?, unaged

Yy n/Np=1.00, p=3.78
mm/mm®, aged
Fig. 8. Morphology of crack initiation and propa-

gation toward depth direction.

iy Qrcgw &:}w TR

geuwpetirnen - RO aged spechnen

dep=2%, 0.5C.p.m.)
(a), (c); surface of specimen.
(b), (d); midst of specimen.

REbe FE o] HImez RNE Av #iEEE)
AL o 4 gk whEbA mEb el ke 2R
EKET I~ Mk a9 e Ant fle +
b, &, EEERIA-E RRAA] 2] Bekst gle
v oaEe ol A o] MRIEE Y] kel A Basiga 3
H 1~2iEi kLA Eee) Aol e M A =

ir e

KEES -

Nurmber of cycles

IR - (2 R
£E E 5 dh
RS EEo R Wi R AEY Ml =
d o] giliaiel ol shed dmnaht sl REAhERO]  ThiELEY

& ARNE TN BE
Fig. 9(a)y~(d)el #rakeh.
(C>E] SR e if/i'

(d) s} Ako] iLE_EF Teflel 4

53k fractography&
olefl 2lsbH  Fig. 9(a),

AelJjie A & Fig. 9(b),
d (striation) & 4 sh= ki
WES BET - d=h Fig 9(a)& @ &
i el ik m&i’ﬂﬁ’ﬂ% Rl MR A, aleky
WETEBEA A BhER s R A B R
REZ} Jugil e m e gl e MBgodsE A4S M
Wisl ok Dbl WEzEel nRhgie)  fsid

Femiel A = o o) ek ul idgEe) HLEho] ¥y AW
o3 JAHe R WEG B Bagel ozt
of EIMF I~2850h 0 2] o) o o) == (s
}L_T HE}F;(\)‘JQ] F!/H"A] o#r> q% oL _),__ i}]\ﬂ_

3.3 MRIAMBAO| BRI FH
Bz B7 B A & MRS = B s oPL &4

Fel Aol 2¥ @S Miplshs AR don R

o] kil BRI (RAESES BHbs) k ki
Rolch A7 A w4 0,2, 10, 100K o2 Uik
A7) B RE FRet] 2 o) Bl sl el

BEIE NiZ Kkstx Flg 1001] N

8ok o , 60

#IRES 29 Bk I

Ni

fo crock initiation

o %o 2 o

9 2 1
aging period hr
intergranular  crack

aging period hr
fronsgronuilar - arock

aging period v
twin boundary  aack.

Fig. 10. Influence of aging period on number of
cycles to crack initiation for various
modes. (600°C, dep=29%, 0.5c.p.m.)

s ek 1Sk o] (50pm LT = &EsL 1070
mm/mm“°ﬂ el Wl E 2 WS aYWELsE
Esla 2o REEIEE Niz g, 100 2 H¢
FIRA o) MEEEFRM 2] Nit e o sidd
A2l bt A&l deted frAMaA o] B
B Nie s Bpehmsiiel kfretel EE3) Winst
Y3 frRel A aAEte] MEIERA ST T

a4

Fig.

A%
=



SUS 316402 EiliEAre] & H%#Ed =&

gleh. g T i) g g RAMaN e B
Ao] MIHIE Y R AR Er #RERRIY
fEn e B B e o] BitEstAl S

3.4 BEgHAEEOl o8 sb4pel BB RIY
B A I

it A BRI BEIEA] ZHEEBR]  Slo]
4 o B R AR Ao R EEs B
Bache HEsh Aok el B HgTh 2Ed
o|ste BEIE Wl SuA KR Bk mﬂ:%
ol feEskEA ol el AL oFd BIEsA o
e fifiel BEAPEEme] o shel BAEEE ffﬁtﬂ%ﬂl
pash 2R BAENHERS B S22 gk

;75 » e

(a) 630°C, 2hr. aged.

(c) 630°C, 100hr aged
Fig. 11. Grain boundary carbide precipitation’ob-
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(a) Grain boundary sliding on unaged 0. 5¢.p.m.
specimen (1" : 600°C, dep 1 2%, N/Ny: 0.05)

(b) Grain boundary sliding is nothing on 100hr.
aged 0,5c.p.m. specimen (T : 600°C, dep : 2%,
n/Nys:0.13)

Fig. 12. Observation of grain boundary sliding on
the specimen surface. (0=0.10mm/mm?)
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