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Character Evaluation of Strength in Dispersion Strengthened Ferritic Steel (3) 13
Fuyuki Yoshida*, Takeshi Fujita**, Akinori Yoshizawa**,

Hideharu Nakashima* and Hideo Yoshihaga*
Abstract

In order to clarify the origin of strength anisotropy in ODS ferritic steel with
Y ,0, particles at high temperatures, a threshold stress measured by stress abruptly
loading test (SAL test) were cornpared with the Orowan and the void-hardening
stresses calculated from dispersion parameters and subjected to the high-temperature
compression test at temperature from 600 to 700 °C and at strain rates from 1x10-3
to 1><10"23“1, and the effect of grain-boundary sliding on the high-temperature
strength was clarified. The results are summarized as follows.

(1) The Orowan stress and the void-hardening stress calculated from dispersion
parameters approximately agreed with the threshold stress obtained by SAL test.
In addition, as the time under load elapsed, the transition of the threshold stress .
obtained by SAL test was observed, it is concluded that the originating mechanism
of the threshold stress in ODS ferritic steel is the Srolovitz's one

(2) The grain-boundary sliding was clearly observed for grain boundaries inclined
by 45° to the stress axis. The flow stress was changed significantly by aspect ratio
of grain size. Therefore,' it is concluded that the strength anisotropy in ODS

ferritic steel induces the grain-boundary sliding behaviour.

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.
*:Departrnent of Materials Science and Technology, Graduate School of Engineering
Sciences, Kyushu University.

**:Graduate student, Kyushu University.
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%1 —HAELH & IDKEEEOAE : EAEFHEMGRE L (3
SREHEROERL BROKE & RUMBMOT X7 b

RE#(pm)

Falh( pm) | FANT M

ciE | 8.57 1.00] 9

~FHREEH | 1@\ 1.07 0.12 9
LT — 0.12 71

HEE CH 3.93 0.34 11
THE 0.34 034 1

=20 —
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+2 ODS7 =94 MEDHE(W%)

‘V [ mEEn | RN
- C l 0.045 0.022
si | 0.019 0.023
| wMn | 0013 0.02
| P 4‘ <0.005 <0.005
- S 0.001 0.001
Cr “ 12.87 11.77
l Ni 0.16 0.09
w | 2.81 2.74
T 0.52 0.49
|r Nb | i -
N 0.0152! 0.005
l 0 “ 0.186 0.19

(free O) (0.113) (0.106)

|7 Y “ 0.27 0.31
(Y203) (034) | - (039) |
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23 ODST 54 MADGEYST X — & L FOERSE

T 2.4x10° m
2 8.0x10718m2
1 5.3x10%m3
I 8.4x10® m
TS . 2.6x10° m
“A 1.0x107 m
f - 0.65%

A ODs7;?{_I~ﬁﬂ®z?n~—'7 ‘/_ﬁE\jjJ::a-M F‘Eﬁ'ftnﬁ
T/ OC O-OI/MPa leMPa
I'0=b I'O=3b I'0=b r0=3b
650 191.5 |134.5 | 162.5 | 114.0
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F5 FRENOEETELL:ZY — 745 (D,

(b)45" (Ly#F

(a) (b)
e, /s’ | op/MPa g /s’ | op/MPa
600°C | 7.59X107°| 591.8 600C | 8.85X107| 590.5
8.94X107°| 516.2 1.01X10°| 552.6
9.18%X10°| 538 9.96X107°| 567.8
9.69X10™| 544.1 9.99X10°%| 510.4
9.95X10°| 509.7
1.00X107°| 448.2
1.00X10°°%| 447.7
1.00X10°| 488.9
650C | 7.18X10°%| 464.2 650°C | 9.09X10% 5455
7.56X1073| 455.4 1.00X10°3| 464.2
7.93X10°% 479.3 9.71X10™% 478.6
9.94X10%| 439 1.00X10™4 494.8
1.00X10*%| 464 1.00X10™4| 499.1
1.00X10%| 389 1.00X10% 514
1.00X107% 351 9.90X10°%| 4595
1.00X10°| 356
1.00X10%| 34238
1.00X10°| 3443
700°C | 8.67X10°%| 345.9 700C | 8.81X107¥ 377.2
8.58X1073| 335.3 9.02X107% 4195
8.50X103| 352.8 9.97X10™% 417.3
9.86X10™| 313.6 9.95X10° 358.9
] 9.96X10°| 208.9 9.99X10°% 300.6
1 1.00X10°| 282.2 \
1.00X10°| 263.2
9.99X10°%| 257.4
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F6 Y—7Inh L 0T RREDBMARHRD A4 VAL T b
WEMALT 2 NV F—(@)45° (T (b)45 (T)_:Fa‘

(a)

Qapp(kJ/mol)
T/e "e/Gl6.0x10° |7.5X10° |9.0X107
600 | 35 o
650" | 22 | 1000 geo | 740
700 | 26
(b) |

Qapp(kJd/mol)
rre T<eGl7.0x10° [8.5%10° | 1.0X10°
600 | 47 . B
650 | 40 | 1100 840 640
700 | 30
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%7 E—2Ehrs LEVRHRELIWAE) LT HERED
NS 2 SV A TN L -t~ e Rk ey | A e s

T('C)] n Q(kJ/mol)
45° T# 700 16

650] 14 657
600 22

45° L#t [ _700[ 14
650| 38 679

600l 32
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MA-10DX, 220rpm, 48h

400°C X102 torrX3h

HIP | 1150°C X1800kgf / e X 1h

FAEE| 1150°C, Stko7

RmmEE | 1150°C, ET 233
- REERFRE | 1150°C, ETEE10

R E LI 1150°C X1min
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(@) T/ C
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10° | -
162 | 1,
5 i o p/G = 9.0X10° ,Q=740kJ/mol
~ 10"}
m -
10° K16° Q=860kJ/mol
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ol K10°,Q=1000kJ/mol
10 |
1.0 . 1.1 1.2
(1/T) /102K
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PNC TJ9606 95-002
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@ twin jet electro polish
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PNC TJ9606 95-002
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