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Improvement of High Temperature Strength and Toughness of 12mass%Cr-15mass% Mn
Austenitic Steels Developed as a Heat Resisting Material

Dong-Su Bag, Tetsuyuki Kivura, Yukio Sumome and Kazuya Mivanara

Synopsis : For the development of a high Mn-Cr austenitic steel as one of the heat resisting materials, the present authors have
v investigated the high temperature strength, toughness and mirostructural phase instability of 129%Cr-15%Mn steels.

High content of carbon (0.1 to 0.2 mass%C) formed the large amount of coarse precipitates of the type M,;Cs carbide

on grain boundaries and within grains after a long-term aging. These precipitates caused the intergranular and/or
quasi-cleavage fracture and deteriorated the toughness. It was clarified that, for the improvement of the toughess, the

lowering of carbon content to 0.02mass%C was necessary. The toughness and high temperature strength of the 129§
Cr-15%Mn steels were compared and discussed with those of the ordinary SUS316 steel. Creep-rupture strength of

the present materials was also compared with that of the TENELON which had been developed by Brady et al (US

steel) as a high Mn austenitic heat resisting steel. The creep-rupture strength of the 129 Cr-15%Mn steel was superior

to those of the type 316 steel and the TENELON.

Key words : heat resisting steels; high Mn-Cr steels; austenitic steels; high temperature strength; toughness; precipitation ;
carbide ; nitride ; transgranular fracture ; intergranular fracture and TENELON.
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Table 1. Chemical composition of materials. (mass%)

C N Si Mn P S Cr Ni % A% Ti Ta
A 0.19 0.13 <0.10 16.2 <0.003 0.006 9.40 0.84 1.84 — — -
A-V 0.20 0.13 <0.003 15.36 <0.003 0.006 9.60 0.88 1.83 0.51 —
A-VT 0.19 0.13 <0.10 15.1 <0.003 0.004 11.97 0.86 2.18 0.48 0.16 —
B-V 0.095 0.216 0.073 14.97 0.002 0.004 10.72 0.88 2.01 0.62 - -
B-VT 0.10 0.18 <0.10 15.1 <0.003 0.005 11.85 0.84 2.15 0.46 0.10 —
B-VTT 0.10 0.22 <0.01 14.78 0.003 0.006 10.51 0.87 1.90 0.23 0.19 0.55
C-VTT 0.06 0.24 <0.023 15.0 0.005 0.006 11.04 0.84 2.01 0.25 0.20 0.14
D-VT 0.018 0.23 <0.023 14.78 0.005 0.006 11.56 0.84 1.98 0.25 0.13 —
D-VTT 0.019 0.23 <0.020 14.77 0.005 0.006 11.39 0.84 1.99 0.25 0.16 0.14
A:0.2%C-0.1%N-W, B:0.1%C-0.2%N-W, C:0.06%C-0.24%N-W, D:0.02%C-0.23%N-W
C Si Mn P S Cr Ni Mo Co Ti B
SUS316 0.05 0.36 1.59 0.002 0.004 16.72 12.13 2.20 — — —
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Fig. 1. Vickers hardness of 12Cr-15Mn materials
and SUS316 steel as a function of aging time
at 873K.
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Fig. 2. TEM photographs of A-VT aged at 873K for (a) 3.6X10% (b) 1.08X10* and (c) 2.88X10*ks. Line marks
indicate 0.5xm.

Fig. 3. TEM photographs of B-VT aged at 873K for (a) 3.6x10% (b) 1.08X10* and (c) 2.88X10*ks. Line marks
indicate 0.5um.

Fig. 4. TEM photographs of SUS316 aged at 873K for (a) 3.6X10%, (b) 1.08X10* and (c) 2.88X10"Kks.
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Fig. 6. TEM photographs of (a) C-VTT, (b) D-VT
and (c) D-VTT aged at 873K for (1) 3.6X10°
and (2) 1.08X10%ks.

Table 2 . Tensile strength properties of materials
tested at 873K after aging for 3.6X10%ks

at 873K.
0.2%PS(MPa) UTS(MPa) TE(%)
A 178 380 32
A-V 486 584 15
A-VT 327 424 22
B-V 407 481 23
B-VvT 380 445 21
B-VTT 196 339 31
C-VTT 229 385 31
D-VT 200 375 28
D-VTT 188 365 32
SUS316 95 309 43

BIFICIE L A EBEES N - 12, Lo L1.08 X 10kskEsh
BRCRFIERTS TUv 2 vdy, Sy OB LT R
61, = Np71.08 X 10'ksHitL DRI 3517 2T S OO
ERCZZ-TwatELLNS,

3°2 BBSIRMES LU —THUNEE

Table 2 12873K, 3.6 X 103ksHE&# D873K Iz 3511 50.2%
mih, 5SS, MUDEZRT, C, DRMIZA, BRI
He~BERE IR A%, SUS3I6EMG tE~5 L&, Ffio e s
D0.2%llit 711X SUS3168M Iz Lo~ 2 538 { K & RIE%ZRT

Fig. 7 {23\ BRIB 873K, BAFIR 1216MPali¥x it 2 7Y —
PR E R T TR TOMEBTVORME £ FV+TiOHEA
WIC & b 27 ) —EREEH IS 2 b, ZHIZVN, TiN
DD ERALEEN X T A5 CEEC L > T35 2 L IR
LT b, FE O WIORBLICIER > D FE IR S
A At VAR RN T IV s i MR A - = R N
EW 27V — 7 HEDstrain dip testiE 2 & 5 NERIS T OEIE (2
I OEBRLTC 3, 12170, C, DRMOEIRGIER
WA, BRI, Kz bizxhol T2 Y —758F b
BT 3,

Fig. 8 =& AR D8TIKIZ 354 3 5 1 -2 Y — 7 Bl sl gl
BERT. AR THC TV 20T, 3.6x10%ksk:
SO S, FiRTIRBEIXA-VT, B-VTHO L »A-V,
B-VH & /s wds, 2V —7PBERSEEIZA-VT, B-VT#

69

Time,t/ h
030009000 6000400 10000 12000 .
151 1
I 873K
216MPa

Strain, € /%

22130h

P R B
0 10000

1 1

P PR U RN U SRR AP N
20000 30000 40000 50000

Time,t/ ks

Fig. 7. Creep curves of 12Cr-15Mn materials tested
at 873K under the applied stress of 216MPa.
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Fig. 8. Relationship between rupture time and
applied stress of 12Cr-15Mn materials,
SUS316 and Tenelon at 873K.
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Fig. 9. Effect of ‘test temperature on the Charpy
impact value of the (a) as-solution treated
and (b) 3.6X10%ks aged 12Cr-15Mn materials
and SUS316 steel.
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Fig. 10. SEM fractographs of the (a) SUS316, (b) B-
VT, (c) C-VTT and (d) D-VTT tested at
273K after the aging for 3.6X10%ks at 873K.
In the open square marked area, quasi-
cleavage fracture is observed. Line marks
indicate 50um.
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15Mn materials and SUS316 steel aged at
873K for 3.6X10%ks.
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Fig. 12. Optical micrographs of the (a) A-VT, (b) C-
VTT, (¢) D-VT and (d) D-VTT cooled
down to 273K after the aging for 3.6X10%ks
at 873K.
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