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Change of Microstructure and Toughness during the Long-term Aging of Various
Steels for the First Wall Structural Materials of Fusion Reactors

Kazuya Mrvauara, Yukio Suivome, Dong-Su Bae and Tetsuyuki Kmvura

Synopsis : Various steels, such as a type 316 austenitic steel, its modified steels, ferritic heat resisting steels and high Mn-Cr
austenitic steels have been proposed for their application to the first wall structural component of future fusion reactors
and many investigations have been performed concentrating on the heavy irradiation effects of these materials. As a
fundamental study, the present authors have investigated the change of microstructure during the long term aging and
its effect on the toughness and fracture mode of these materials. Due to the formation of large amounts of coarse
carbides within grains and on grain boundaries during the 8000 hours aging, toughness was much deteriorated and
intergranular fracture and cleavage fracture were introduced by the impact test at room temperature in these materials.
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Table 1. Chemical composition of materials of (a)Cr-Mn, (b)Austenitic and (c)Ferritic and martensitic steels
(mass%).
(a)Cr-Mn steels .

C N Si Mn P S Cr Ni w \'% Ti
2CINWV 0.20 0.13 <0.003 15.36 <0.003 0.006 9.60 0.88 1.83 0.51 —
2CINWVTi 0.19 0.13 <0.10 15.1 <0.003 0.004 11.97 0.86 2.18 0.48 0.16
1C2NWVTi 0.10 0.18 <0.10 15.1 <0.003 0.005 11.85 0.84 2.15 0.46 0.10

(b)Austenitic steels

C Si Mn P S Cr Ni Mo Co Ti B
SUS316 0.03 0.02 0.24 0.002 0.004 16.74 13.91 2.20 — — —
JPCA-2 0.055 0.53 1.88 0.024 0.009 15.27 15.80 2.66 0.048 0.24 0.0032

(c)Ferritic and martensitic steel

C Si Mn P S Cr Ni Mo A% Nb N

JEMS 0.05 0.58 0.58 0.009 0.006 9.85 0.94 2.31 0.12 0.06 0.01
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Fig. 1. Vickers hardness change of the materials
during the long term aging at 873K.
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Fig. 2. TEM Photographs of the aged SUS316.
(2)3.6X102, (b)1.08X10%, (c)2.88X10%ks.
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Fig. 3. TEM photographs of the (a)2CINWYV and (b)
1C2NWVTi aged for 2.88%X10%ks.
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Fig. 4. Identification of the precipitates in the

2CINWYV aged for 2.88X10%ks.

(a)Bright field image

(b)Dark field 1ma e of type M,;C, carbide
obtained by (111) mascs SOt

(c)Diffraction patterns of the M,;C¢ carbide
and y phase

(d)Indices of the diffraction patterns of (c)
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Fig. 5. TEM photographs of the aged JFMS.
(2)3.6<102, (b)1.08X10%, (c)2.88X10%ks.
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Fig. 6. Effect of test temperature on the Charpy
impact value of the as-solution treated or as
-received materials.
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Fig. 7. Effect of test temperature on the Charpy
impact value of the aged materials.
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Fig. 8. Optical micrographs of the 1CZNWVTi
cooled down to
(a)77 and (b)298K after the solution treat-
ment.

Fig. 9. Identification of ¢ martensite formed in the
1C2NWVTi cooled down to 133K after the
solution treatment.

(a)Bright field image .

(b)Dark field image of the & martensite
obtained by (101) & spot

(c)Diffracton pattern and indices of the ¢
martensite
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Flg 10. Optical micrographs of the (a)SUS316 and
(b)JPCA-2 cooled down to 77K after the
solution treatment.
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Fig. 11. Fractographs of the (a)SUS316 and (b)
JPCA-2 tested at (1)77 and (2)273K after the
aging for 2.88X10%ks.

Fig. 12. Fractographs of the JEMS tested at (a)133,
(b)273 and (c)373K after the aging for (1)
3.6X10® and (2)2.88X10%*ks.
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