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Abstract: The irradiation damage behavior of two China low activation martensitic
(CLAM) steels with different composition was studied by high voltage electron micro-
scope. The results indicate that a lot of voids form in CLAM steel without silicon addi-
tion during electron irradiation. When irradiated to 14 dpa at 450 °C, the number
density of voids is about 8. 7X10* m *, and the irradiation swelling is approximately
0.26%. The irradiation swelling of CLAM steel without silicon addition at 450 °C is lar-
ger than that of at 500 ‘C. When the irradiation damage rate is 2X10 * dpa/s, no voids
can be found in CLAM steel with silicon addition, so silicon is a good alloying element
for irradiation swelling resistance in CLAM steels. When irradiated at 450 °C, a kind of
coherent precipitates form in silicon added CLAM steel.
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ITER) ’ Table 1 Chemical composition of CLAM steel
w(Cr) /%  w(W)/% w(V)/%  w(Ta)/%
° 1 8.8 1.49 0.20 0. 059
' 2 9.11 1.51 0.21 0.16
w(Mn)/%  w(C)/% w(S/%  w(Fe)/%
s RAFM
1 0.68 0.13
’ 2 0.41 0.10 0. 46
/ ,
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Fig. 2 Microstructures of No. 1 CLAM steel irradiated for different time at 450 °C
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Fig. 3 Dislocation loops in No. 1 CLAM steel irradiated for different time at 500 °C
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Fig.4 Microstructures of No. 1 CLAM steel irradiated for different time at 500 C

a 0 min; b—— 23 minj;c 63 min;d——93 min



500 C o , o s
CLAM 450 °C , 133 min( 16 dpa)
500 C o EM10 R
EM12 , 1 , 1 )
. 450 CH, , ; CLAM .
5 1 CLAM
500 C o o 2
) ) (w(Si) =0.46%), CLAM ,
; 5a s
) 5b . , CLAM
( ) o
, . . 720 s 6 . 2
( 5d , , CLAM .
, 1 (100),, 7
o (  6a) 133 min C 6d
6 2 CLAM 450 C o ) 2  CLAM
o ., 133 min ,
., 0~133 min , ;
) 1 CLAM 1 CLAM
) . 1 .
) CLAM
o 6 , )
CLAM o )
o a-Fe {100}
o ; a-Fe {100}
(supersaturation) . , 2 o
) , Fe-10Cr
[11] s

A . A .
5 1 CLAM 500 C
Fig. 5 Change of microstructures in martensite of No. 1 CLLAM steel irradiated for different time at 500 ‘C
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Fig. 6 Microstructures of No. 2 CLAM steel irradiated for different time at 450 °C
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Fig. 7 Electron diffraction patterns of No. 2 CLLAM steel before (a)
and after (b) irradiation at 450 °C
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Fig. 8 Dislocation loops in No. 2 CLLAM steel after electron irradiation at 500 C
210 s5d——750 s

0 s;b——90 s;c

a



21

(

2X 1077 dpa/s) 2

4) 500 C ,

b b

500 C o

500 C)

1) CLAM

o

2) 2X10 *dpa/s

CLAM s
. 450 C
500 C o

3) 2X10 *dpa/s

CLAM 450 C
, CLAM

500 C
450 C

CLAM

CLAM ,

CLAM ,

(JSPS core university program) ;

1]

[3]

o

KLUEH R L. EHRLICH K, ABE F. Ferritic/
martensitic steels: promises and problems [ ] ].
Journal of Nuclear Materials, 1992, 191-194.
116-124.

TAVASSOLI A AF, ALAMO A, BEDEL L, et
al. Materials design data for reduced activation
martensitic steel type EUROFER[J]. Journal of
Nuclear Materials, 2004, 329-333. 257-262.
KOHYAMA A, HISHINUMA A, GELLES D
S, et al. Low-activation ferritic and martensitic

Journal of

Nuclear Materials, 1996, 233-237. 138-147.

steels for fusion application [ ] ].

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

MUROGA T, GASSPAROTTO M, ZINKLE S
J. Overview of materials research for fusion reac-
tors [J]. Fusion Engineering and Design, 2002,
61-62. 13-25.

[l ,2004, 24(1):56-64.
HUANG Qunying, YU Jinnan, WAN Farong,
et al. The development of low activation marten-
sitic steels for fusion reactor[]]. Chinese Journal
of Nuclear Science and Engineering, 2004, 24
(1): 56-64(in Chinese).

[Jl. ,2007,27
(1) :64-68.
ZHAO Fei, WAN Kuibei, QIAO Jiansheng, et
al. The microstructure and mechanical properties
of China low activation martensitic steel[ J]. Chi-
nese Journal of Nuclear Science and Engineering.
2007, 27(1): 64-68(in Chinese).
YUG, LI X Q. YU J N, et al. Helium effects
on EUROFERY97 martensitic steel irradiated by
dual-beam from 1 to 50 dpa at 250 and 300 C
with 10 He appm/dpa[]]. Journal of Nuclear
Materials, 2004, 329-333: 1 003-1 007.
KLUEH R L, ALEXANDER D ]J. Impact be-
havior of reduced-activation steels irradiated to 24
dpalJ]. 1996,
233-237. 336-341.
GILBON D, RIVERA C. Behaviour of different

Journal of Nuclear Materials,

{erritic steels under ion, electron and fast neuron

irradiation [ J ].

1988, 155-157: 1 268-1 273.

GARNER F A, WOLFER W G. The effect of

solute additions on void nucleation[ J]. Journal of

Nuclear Materials, 1981, 102 143-150.

. Fe-l0%Cr
[Jl.

Journal of Nuclear Materials,

’ ’ ’

,1996, 45(3) . 464-468.

WAN Farong, TAKAHASHI H, CHU Wu-
yang., et al. Effect of hydrogen on irradiation in-
duced segregation in Fe-10% Cr ferritic steel[ J].
Acta Physica Sinica, 1996, 45(3): 464-468 (in
Chinese).

MUROGA T, YOSHIDA A N, KITAJIMA K.
EDS investigation of solute-precipitate interac-
irradiation[ J J.
Ultramicroscopy, 1987, 22 281-288.

tions in ferritic steels under



