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Fracture Toughness Test of 9(Cr type Steel

at Elevated Temperature (No.1)
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Yusaku Wada*, Isao Nihei*

Saburou Nagata**, Takashi Nagamine***

Abstract

A series of high temperature fracture toughness tests of 9Cr type steel was

put in practice on a three-year scheme in 1988, In this experimental study

Mod, 9Cr-1Mo steel, 9Cr-2Mo steel and TEMPALOY SW-9 (9Cr-1Mo-Nb-V) steel are
tested, and fracture toughness (Ja) of base metal (As-received, SR-treated
Aged) and weldment (weld metal, HAZ) of these three types of steel are
investigated, [n a first year, fracture toughness tests of base metal (As-
received, SR-treated) of Mod, 9Cr-1Mo steel were carried out at RT, 400%, 500<¢,
550c and 600%C. respectively, 1In this report, the test results in the first

year are shown,

Fracture toughness tests were performed using R-curve method and unloading

compliance method according to ASTM E813. The fracture toughness value was the
lowest at 400C. Even at 400T, however, Mod. 9Cr-1Mo steel showed enough high
fracture toughness (Jc>350kJ/m?), In the fracture toughness test, tearing

modurous Tmat Was also measured,

Material Development Section, Systems and Components Divisinn, OEC/PNC
Nuclear Materials Technology, Sumitomo Metal Industries, LTD,

Piate, Section and Bar Technology Dept., NKK
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Table 2 Chenical Compositions {cal%)
C Si Mn P ] Cr Ni Mo \Y Nb Al N
ASTM - A387 0.0§/ 0.20, | 0.30, 8.0Q/ .85~ 0.1&, 0.06- 0.030.
/ /// / <90.020 <0.010 7 <0.40 e a o <0.04 N
HEE /h.12 0.50| 70.60 79, 50 “1.05 0.25 0.10 “0.070
N & 34 0.09 0.24 0.44 0.016{ 0.001{ 8.15 0.14 0.93 0.21 0.06 0.0191 0.033
SE® 0.09 0.34 0. 46 0.005| 0.004 8.43 0.09 0.90 0.20 0.079 ! 0.010! 0.062
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Table 3 Tensile test condition

T~ BE (T)
T~ RT [ 400/500|5501600
W T~
S &t M
9 9 9 9 9
Mod. 93Cr—1Moil
N &%
9 9 9 9 9

Mod. 9Cr —~1Moifi

(ZRHMFEIEIERY)
HRBRAEEH™
QMA X 5 RUEXE2E=20K

Table 4 Charpy impact test condition

S &M

15
Mod. 9Cr—~1MoiM
N &%

15

Mod, 9Cr—~1Moil

(RHNBFRER)
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Table § Fracture toughness pre-test condition

i fil B OEIE E
N &t %4
ELIRE 1
Mod., 9Cr-1MoiH i
HE A AKX

l&B¥) ORBRAERNR

R i ## i 8 K
MBEavrs47RE 2K
1O&

Table 6

2 &M X 10K =20&K

Fracture toughness test condition

T~

—

BE (T
\\\\\( )

RT | 40075

005501600

Mod. 9Cr—1Mo#Hl

W T
Suw
10 10 10 10 10
Mod, 9Cr—-1Moil
Nzt 8
10 10 10 10 10

BB AR

1 &84 oRRAEAAR

R i #R7&

g &

BiavrsA4AF7 R 2K

10K

2 8MHE X 5 &HX10K= 100&K

(BABFRER)
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Table T J value

" B J ﬁﬁ gy 25) /o y dJ/da
Gk W
(c) (K J/m") (MP,) (mm) (MP,)
R# — 7 ik 965 38.3 541.2 Ja
17547V RiE 1156 45. 9 218. 1 Ja
28 1156 629. 1 45. 9 237.5 Ja
1106 44.0 130.7 Ja
448 19. 4 943.5 Ja*
R#A -7 513 | 24.7 442.4 Ja
197947V AE 551 | 26. 5 135. 7 Ja
400 519. 8
460 22. ) 633. 8 Ja
412 19. 8 411.1 Ja
R A — 7 ik 717 39.0 728. 5 Ja
500 | 1v7347vRik 832 459. 9 45.2 475. 8 Ja
548 29. 8 787. 9 Ja
R#H—7ik o — — —
550 409. 9
171347V Ak —_— — —— R
RA-7i: — — — —
600 327.5
IRk —= — —

x  J M E T AT — 5 SRS

Table & J value calculated from fractgraph

BE (C) | BEBEE»SRDAIHE (K Joules/m')
28 130. 481 L 350, TR i
400 110.1 285. 0
900 92. 8 249. 5
550 188.9 319. 2
600 207. 7 395.3

__19..
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Fig, 1.1 High temperature tensile test specimen (N.Co, Ltd)
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Fig.1.2 High temperature tensile test specimen (S, Co, Ltd)

_20_




PNC-TN9410 89-096

R0.25
o) A X 3
I\
10 275 AAS
- 55 A
(mm)
Fig, 2.1 Charpy impact test specimen (N, Co,Ltd)
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Fig,2.2 Charpy impact test specimen (S, Co, Ltd)
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Fig.3 Test specimen of Young's modulus measurement (S, Co, Ltd)
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Fig. 4,2 Fracture toughness test specimen (side grooved) (S, Co,Ltd)
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Fig. 4.3 Fracture toughness test specimen (not side grooved) (S.Co.Ltd)
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Fig.6.1 Appearances of post-tensioned tensile test specimen (SR material)
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BRITTLE FRACTURE
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Fig. 7.2 Brittle fracture of Mod. 9Cr-]Mo steel
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