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Character Evaluation of Strength in Dispersion Strengthened Ferritic Steel (5)
Fuyuki Yoshida* and Hideharu Nakashima*

Abstract

In order to clarify the high-temperature deformation behaviour and the origin of
threshold stress of ODS martensite steel with Y,0, particles, the stress-strain
curves were measured by compression test at 600 to 700 C and at strain rates
from 22X 107 to 2X 110%™, and the threshold stress was measured by stress abruptly
loading test (SAL test) at 650 ‘C. Further, the possibility of temperature dependence
of threshold stress was discussed by estimating the activation energy for dislocations
to detach the Y,0, particles. The results are summarized as follows.

1) The stress exponents of ODS martensite steel were 22~35. And the activation
energy of high-temperature deformation was 742kJ/mol. Those deformation
behaviour of ODS martensite steel agrees with the deformation behaviour of ODS
ferritic steel.

2) The Orowan stress and the void-hardening stress calculated from dispersion
parameters approximately agreed with the threshold stress obtained by SAL test.
It is concluded that the originating mechanism of the threshold stress in ODS
martensite steel is the Srolovitz's one

3) The calculated activation energy for a dislocation to detach the particles was
very high compared to the thermal energy. Therefor, the threshold stress is almost

independent of temperature.

This work was performed at Kyushu University by contract with Power reactor
and Nuclear Fuel Development Corporation.
PNC Liaison : MMS, Fuels and Materials Division, Oarai Engineering Center,
Tsunemitsu Yoshitake.
*:Department of Materials Science and Technology, Graduate School of Engineering

Sciences, Kyushu University.
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#1 ODSTNF VA Mk 7254 bR SN OER (Wi%).

TN HA b TRl
C 0.2 0.018
Si 0.02 0.070
Mn 0.1 0.48
P 0.003 0,005
s 0.002 0.005
Cr 9.4 13.60
Ti 0.10 042
W 2.10 2.30
¥,05 0.24 0216
'BxO 0.08 0.094
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R2 GEUST A= —
710°m |72/ 10 m2| 3/ 10 m3| 1./ 108 m| %/10°m| /107 f/ %
3.6 1.4 6.3 9.9 3.1 1.2 0.39*
*Chemical composition & ¥ &}
F3 LAV HoOERE
C,/MPa G, /MPa
T/OC l’o;3b ngb 7'0=3b r0=b

600 107 151 129 180

650 103 145 123 172

700 97.4 137 116 163
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R4 EREEBR L Y RO EERSEMICBIT HERIET

T=600C, G=56.3GPa

& (s1) O (MPa) O0/G
1.8x107 603.8 1.07x107?
2.0x10™* 653.9 1.16x10
2.3x%1073 690.0 1.22%x10

T=650C, G = 53.8GPa
& (s1) O (MPa) c/G
1.8x10” 501.8 9.33x%107
2.0x10™ 567.1 1.05x1072
2.1x107 614.4 1.14x1072
T=700C, G=50.6GPa
& (s1) o (MPa) c/G
1.9x107 352.6 6.97x10
2.1x10% 400.0  7.90x107
2.3x103 437.8 8.65%107
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—Ar Gas Atomizing——

Pre-alloyed Powder (=100 « m)
0.1C-9Cr-2W-0.1Ti

Y»0O3 Powder (Mean Dia : 20nm)

Mechanical Alloying
Atrritor ball Mill

Alloying Condition : 220rpm, 48h
Ball = 150kg, Powder = 10 kg
Argon gas atmosphere

Cannig

Filling a capsule with powder
Degassing 623K x 2h x 1074 torr

Hot Extrusion

Temperature : 1323K
67 § =24 ¢

!

Heat Treatment

1050 C/1hour/AC+
750 C/1hour/AC

1 B oEsTRE
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(@ T=700C
600 | o
500 1
o 2
400 | @ ) J
300 _ o
Dé =19 x 107 51
200 ) T
D& =21x10"41
100 ®é=23x10%¢1
0 [] 1} 1 : :
(b) T=650T |
600 [ e 6 i ;
500 i}
14
0. 400 ]
= _
o 3% Dé =18 % 107 g1
200 @& =20x10" 5|
100 P& =21%x103 g1
0 m——a— : : : Z
() T=600C
700 T s @ ]
600 @ l 7
500 ]
400 y
300 _ s
D& =18x%x107s!
200 . i
D& =20x10* 51
1 @& =23x107 51
0 1 1 L 1 1
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