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Improvement in the Long Term Creep Rupture Strength of SUS 316 Steel
for Fast Breeder Reactors by Nitrogen Addition

Takanori NAKAZAWA, Hideo ABO, Mitsuru TANINO,
Hazime KoMATSU, Masanori TASHIMO and Takashi NISHIDA

Synopsis :

Improvement of creep fatigue property of structural materials for fast breeder reactors. In order to im-
prove the resistance to creep fatigue of SUS 316 steels, the effects of nitrogen, carbon, and molybdenum on
creep properties have been investigated, under the concept that creep fatigue endurance is correspond to
creep rupture ductility. Creep rupture tests and slow strain rate tensile tests were conducted at 550°C
and extensive microstructural works were performed. The strengthening by nitrogen is much greater than

carbon.

Moreover, while carbon reduces rupture ductility, nitrogen does not change it.

The addition of

carbon results in coarse carbide formation on grain boundaries during creep, but with nitrogen very fine

Fe,Mo particles precipitate on grain boundaries.

bon on creep properties is arise from the different morphology of precipitation.
rupture ductility. On the

denum brings about a slight decrease in

The difference between the effects of nitrogen and car-

Strengthening by molyb-
basis of these results,

0.01%C-0.07%N-11%Ni-16 .5%Cr-2%Mo steel is selected as a promising material for fast breeder

reactors.

This steel has higher rupture ductility and strength than SUS 316 steel.
that this steel has a higher resistance to creep fatigue.

It is also confirmed

Key words : austenitic stainless steel ; creep ; nitrogen ; carbon ; molybdenum ; fast breeder reactor.
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RFE, BERC Mo OHWTEMICKIZTTHELHRE
T 5O AERL Mo kM % Table 1 128
4. No.1-No. 4 i3%F* %, No.5-No. 7 dFE*, %
LT No.8-No. 12 i3 Mo # 2 h 4 KiETEILE &
HTHAH. NS DHiIE 100 kg BZEBHIFIZEDE
s, BBFEEIIC X )KE 23 mm DMK E L 72 1R,
1050°C 30 min K& O FELBLE 4T - 72, ZHMED
& BRI 1 Table 1 (/R L72& 910, ASTM RiEHRS
T 4.0 55 5.5 D#EPFAT, 1ZIFRioTnB. 2U—7
BT B 1 AT E AR 6 mm, AE S REEEE 30 mm OB D
T, FEFIOIFATICHRBML 2. 7 U — THRRER
550°C TATVy, BRMTRERH O * LFEMBE S L U8
FREMEEIC X D BIg L 2.

$72, ThOOREHEREEC, BEFHL LUR
SUS 316 kst x BEATV, TEBKTCORES
Kz, ZOZEM (316 MN) B X UHEM & LTH
V272 SUS 316 b2 % Table 2 I[Z/R$. W& b
60t BAI-VOD LIETHEERK, SWAEE-EMRTIE
2k, #hFNEL 24mm, 46mm O & L,
1050°C-30 min O EBECALE LKL D TH A, &
Shis B 1 316 MN T ASTM No. : 5 (23 L SUS 316 i
4 LR THAH. BEHEILBLER IOV T 550°C
Ty — TR RO Y ) — TEGRBE T ERL /2.
B, 7)) — TEFRBGFATEE 8 mm, IR
16 mm OREH % v, EAFIEIC L VITo 72 72,

Table 1. Chemical composition and grain size.

Chemical composition (wt%) Grain

Material
e T Tsi[Mn] P ] 8 [ NilCr Mo] N |ASTM

No. 1 |0.013{0.48(0.98(0.033/0.0028}14.72|17.59|256|0.0202| 5.0
No. 2 |0.013}0.49(1.05/0.040|0.0032|13.44|17.64/|255|0.0304| 4.5
No. 3 |0.015/0.50(1.06]0.041)|0.0030|12.22{17.49/2.48{0.0837| 5.5
No. 4 |0.015|0.48(1.05(0.043]|0.0028{11.22|17.78|2540.1174| 5.5
No. 5 0.021{0.48|1.080.040|0.0029|12.21|17.47(2.49]|0.0829| 5.5
No. 6 |0.024{0.50|1.07|0.043|0.0029|11.78|17.69/249]0.0803| 5.5
No. 7 |0.049{0.49/0.99]0.030|0.0034|11.07|17.44|249/0.0873| 4.5
No. 8 |0.051/0.51|1.03|0.024/0.0034| 8.82|17.25(0.10/0.0332} 4.0

No. 9 ]0.048/0.50|1.05)|0.035|0.0039/10.34|17.54{106)0.0368| 4.5
No.1 0 |0.049(0.49{1.04|0.032|0.0034{11.49|17.43{2.00/0.0361| 4.5
No.1 1 |0.048/0.49/0.98/0.032|10.0028{11.51(17.15/248(0.0401 4.5
Ne12 |0.037/0.49|0.96{0.038(0.0032|12.6217.87/2.80|0.0343| 4.5

Table 2. Chemical composition and grain size.

Chemical composition (Wt%) Grain
Material size
C |Si|{Mn| P S [Ni|Cr|[Mo| N |(ASTM

316MN [0.011(0.47/0.83{0.026]0.005|11.0|16.5|2.07|0.0681| 5.0
316 0.054(0.47{0.85|0.029{0.002{11.9|17.0| 2.16/0.0285| 4.0
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Fig. 1. Effect of nitrogen content on creep rup-

ture properties at 550°C.
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Fig. 2. Effect of carbon content on creep rupture
properties at 550°C.
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Fig. 3. Effect of molybdenum content on creep
rupture properties at 550°C.
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Photo. 1. Optical micrographs

of the specimens creep-ruptured
at 550°C.
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a) No. 1 : o= 30 kgf/mm?, r=2759h b) No.3: o= 36kgf/mm? tr=1546h c) No.4: 0 =30 kgf/mm? tr=1614h
d) No.7: o= 33 kgf/mm?, tr=3428h e) No.8: 0= 24 kgf/mm?, tr=2325h f) No. 12: o= 33 kgf/mm?, tr=2021h

Photo. 2. Transmission electron micrographs of the specimens creep-ruptured at 550°C.

10:240

No. 4 : 0.015%C-0.117%N
Photo. 3. Analysis of the grain boundary precipi-

tates of the specimen creep-ruptured at 550°C for
1614 h.

-2 EKRE, BHEFLLL-HXBE SUS 316 (316 MN)

D
wRE, BF, MoBOEEIIDWTOREEREL L L

< T
E 40 —commgi— e
£ = [
o I g .
y g 301 - =L —
5t 0
c 20
oxX |
w= *—0_ | ° ]@
%ﬂ 0= e el
S L ~ A—8
o O o o=~
e SEE L
Z GiD>
=1
14 0 A | . ! 1
107 10° 10¢

Time to rupture (h)

Fig. 4. Creep rupture properties of the 316 MN
and 316 steels at 550°C.
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Fig. 5. Relationship between stress and minimum
creep rate of the 316 MN and 316 steel at 550°C.
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Photo. 4. Optical micrographs
of the creep-ruptured specimens
at 550°C.

a) 316 : 0=31.2 kgf/mm?, tr =2228h

b) 316 : 6=26.2 kgf/mm?, tr=12732h

¢) 316 MN : 0= 35.2 kgf/mm>,
tr=3032h

d) 316 MN : ¢ = 31.8 kgf/mm?,
tr=17684h

Photo. 5. Transmission elec-
tron micrographs of the speci-
mens creep-ruptured at 550°C.
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Photo. 6. Electron micrograph of extraction rep-
lica from the specimen creep-ruptured at 550°C.
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Fig. 6. Creep fatigue properties of the 316 MN
and 316 steels at 550°C..

a) 316 : 600°C b) 316 : 650°C
¢) 316 MN : 600°C d) 316 MN : 650°C

Photo. 7. Transmission elec-
tron micrographs of the speci-
mens aged at 600 and 650°C for
1 000 h.
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Fig. 7. Stress strain curves of the
316 MN and 316 steels at 550°C.
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Fig. 8. Effect of aging on the ultimate tensile
strength and elongation of the 316 MN and 316
steels.
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