N 538

5 g S

#%& & B Vol. 82 (1996) No.6

316%A— de-»rbﬁliﬂoWU 7"#5 BRI RIET

BRH  RAL* - PE D

e N BErz IO AT £ T B -

EE

Effect of Microstructure on 'Creep Fatigue Properties for Type 316 Austenitic Stainless Steels
Nobuhiro Fuirra, Takanori Nakazawa, Hazime Komarsu, Hitoshi Kacucui, Hideaki Kaneko and Hirvoyoshi Ugpa

Synopsis :

For the structural materials of Fast Breeder Reactor, the modified type 316 ; 316MN has been developed. In this steel,

improvement of creep fatigue endurance was achieved by reducing carbon and adding nitrogen. In this study, with
conventional SUS316 (0.05%C-0.03%N) and 316MN (0.019%C-0.07%N) produced by commercial product line, changes
of creep fatigue properties at high temperature after aging, stress-aging and fatigue were investigated in consideration
of microstructure change. Moreover, quantitative evaluation of damage by microstructure change during creep fatigue
was tried with remaining ductility for SSRT (Slow Strain Ratetensile Test). In result, it was certified that 316MN had
excellent stability of microstructure at high temperature against aging, stress-aging and fatigue. Therefore, the creep
fatigue properties of 316MN were little damaged by aging and stress-aging. Furthermore, after fatigue,-the remaining
ductility of 316MN was able to hold approximately three times as much as that of conventional SUS 316.
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Table 1. Chemical composition of steels (mass%)

Steels| C Si  Mn P S Ni Cr Mo N
316MN|0.011 0.47 0.83 0.026 0.006 11.0 16.5 2.07 0.068
SU316(0.054 0.47 0.85 0.029 0.002 11.9 17.0 2.16 0.028
SUS316; 47mmt
316MN ; 25mmt
| . - |
Pre-aging Pre-fatigue
- 600C X 1000h 550%, A &=1.3%
. 650°C X 1000h - PP-wave; Low Cycle Fatigue
Pre-stress-aging =102
» 600°C X 1000h "
i « CP-wave;Creep Fatigue
316MN;235MPa i 27106 ip=10Ts
SUS316;210MPa —‘—W

Low Cycle fatigue;tH=0min. |

Creep Fatigue;tH=10min. SSRT 550%C, ¢ =2.7x10%s
550C,A £ =1.0%, Measurement of residual ductility

Holding Time;tH=0,10min.
tH=0,10min.
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Microstructure Analysis
by Optical Microscope, TEM and SEM

Fig. 1. Experimental Procedure.
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Fig. 2. Transmission electron microstructure of
SUS316 and 316MN after pre-aging and pre
-stress-aging.

a) SUS316 600°C X 1000h aging
b) SUS316 650°C X 1000h aging
¢) SUS316 600°C X 1000h stress-aging
d) 316MN 600°CX1000h aging
e) 316MN 650°CX1000h aging
f) 316MN 650°C X 1000h stress-aging

FE 2 CPIEE O RO EREE L Fl—(2.7X10° STH ¢ L,
550°C T4T - 72,

3. HRBRELUER

31 BB L URHENICL & BRAMEL

Fig. 2 U &R EMOEED Z A EHME L =T,
SUS3168 D ZRjLEM T, SERAT R R 2 HE S &£ 5
CHTH L, RIRICIRCIRAT IS b s, T OHTH
MDF A4 X & CHTHEI, BhiEE» & ks LWL,
WHEFIZ L > T HWMT 3, 3IEMNSITI, FERIRED
EV650°C T—EH DR I ALROFTEHBED b s, 2
6 DD [IZE %, B FHREIT 3 & FEDSIZ & 947> 12,
Fig. 3 {2SUS3168D600°C X 1000hEE5HE 12D W T ORRHT#S
RBERT RRZHE S WRAT R, KED M, CRDRAL
T, —EI-GH(Ni, Cr, Si, Fed» o %2 2 &@HE{L&Y)
LbED LN B, 12, BN ORLRAT I M, C B D IR
THBZ L LHEZLTVS, Fig 412316MNED600C X
1000h3s & (8650°C X 1000hFF3hAT 2D TOITRER 2R T o
600°C X 1000hFF:3hA T3, BRI F 2 GHER S L5 7 4
v akDLavest ; (Fe, Cr),Mod R HTHI L T 5, %
72, ZORBREF3H ey, T4 7732 a oK —
YRV UZRICL o T b RERNRES650C Ll kbt
LavestHRL 7SR & { 2 b, M—3CGHEZ L b 72 5 M,sCe
ORI EDONB L IR E, 212, WThOREL
AT b IzE» o nd, NiZTTHEIFKE
Zh B,
3:2 2—TEFFEICRIZTIHLENCEE

Fig. 5 (& BB O 27 ) — 7 ES RS R RT ks,
SUS3168M 3 & F316MN D EE LAt DK A 7 ViS5 5 4



$% & $BVol. 82(1996)No. 6

Cr

| S
0.5pm

[011) 1\’£3C6

.
0.5pm [011] G phase. 2; G phase

Fig. 3. Analysis of precipitations for 600°C><1000h
aging specimen of SUS316.
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Fig. 4. Analysxs of prec1g1tat10ns for 600°C < 1000h-
aging ; a) and 650°C X 1000h - aging ; b), c)
specimens of 316 MN.
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Fig. 6. Optical

microstructure of creep fatigue
ruptured specimens.

a) SUS316 Solution treated

b) SUS316 650°C X 1000h

c) 316MN Solution treated

d) 316 MN 650°C*<1000h
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Fig. 7. Transmission electron microstructure of
creep fatigue ruptured specimens.
a) SUS316 Solution treated
b) SUS316 650°C X 1000h
c) 316MN Solution treated
d) 316 MN 650°C><1000h
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Fig. 8. Relationship between ratio of creep faf[igue
life to fatigue life ; Nf/Nfo and ratio of
intergranular fracture(* : prior research®).
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Fig. 9. Concept of the residual ductility.
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Fig. 10. Changes of 0.29 proof strength and tensile
Strercl:gth with fraction of N/Nf for SSRT at
550°C.
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Fig. 11. Relationship between reduction in area of
SSRT at 550°C and fraction of N/Nf.
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Fig. 12. Optical microstructure of SSRT ruptured
specimens as solution treated and inter-
rupted pre-fatigue for SUS316.

a) Solution treated
b) PP-1/2Nf interrupted
¢) CP-1/2Nf interrupted

Fig. 13. Transmission electron microstructure of
SSRT ruptured specimens as solution treat-
ed and interrupted pre-fatigue for SUS316.
a) Solution treated(foil)

b) Solution treated(replica)
c) CP-1/2Nf interrupted(foil)
d) CP-1/2Nf interrupted(replica)



Fig. 14. Optical microstructure of SSRT ruptured
specimens as solution treated and inter-
rupted pre-fatigue for 316 MN.

a) Solution treated
b) PP-1/2Nf interrupted
¢) CP-1/2Nf interrupted

Fig. 15. Transmission electron microstructure of

SSRT ruptured specimens as solution treat-
ed and interrupted pre-fatigue for 316 MN.
a) foil

b) replica
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