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Tablel Chemical composition of CLAM steel (w/%)

Cr w V Mn Ta Ni Si S C Fe
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£2 CLAM I TIGERESH
Table2 TIG welding parametersof CLAM steel

Item Parameter

R3 .. 10°
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Shape of welding groove
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Fig.1 Schematic diagram of weld sampling
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Fig.3 Distribution curves of irradiation damage dose and helium

concentration along depth
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Fig.4 Surface AFM morphologies of the welds without (a, ¢) and with (b, d) heat treatment before (a, b) and after (c, d) irradiation;

roughness statistical diagrams of welds without (e) and with (f) heat treatment
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Fig.5 SEM microstructures of welds without (a) and with (b)

heat treatment
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Fig.6  Surface SEM images of the welds without (a, ¢) and with (b, d) heat treatment before (a, b) and after (c, d) irradiation; statistical

diagrams of voids diameter for the welds without (e) and with (f) heat treatment after irradiation
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Fig.7 TEM images (a, b) and size statistical diagrams (c, d) of helium bubble for the welds without (a, ¢) and with (b, d) heat treatment
after irradiation
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Fig.8 GIXRD patterns of different welds before and after irradiation: (a) full peak diffraction patterns and (b) diffraction patterns of (110)

crystal plane

%3 [E 8% (110)& A GIXRD {5 IE4FE S MR IHER
Table3 GIXRD peak analysis of (110) crystal planein Fig.8

Diffraction angle, 26/(°) Offset, 6/(°) Full width at half maxima, w/(°) Broadening rate, x/%

Sample
Before irradiation without heat treatment 44.419
After irradiation without heat treatment 44.631
Before irradiation with heat treatment 44.463
After irradiation with heat treatment 44.587

0.227
0.212 47.6
0.335
0.124 0.214 25.2
' 0.268 '
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before and after irradiation
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Fig.11  SEM morphologies of the stretched welds surface without (a, ¢) and with (b, d) heat treatment before (a, b) and after (c, d)

irradiation
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Fig.12 Nano-indentation test results of different welds before and after irradiation: (a) load-depth curves, (b) nano hardness-depth curves,

and (c) elastic modulus-depth curves
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Fig.13 Schematic diagram of source hardening process
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Schematic diagram of friction hardening process:

Fig.14
(a) dislocation cutting through precipitates; (b)

dislocation cutting through voids
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Effect of Heat Treatment on Radiation Damage Resistance of Weld Joint of
CLAM Steel

Qiao Yongfeng', Lei Yucheng', Yao Yigiang?, Zhu Qiang!

(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

(2. China General Nuclear Power Corporation, Shenzhen 518000, China)

Abstract: In order to improve the irradiation damage resistance and irradiation hardening resistance of the welds of China low activation

martensitic (CLAM) steel , the CLAM steel welds without and with heat treatment exposed to He™ with energy of 70 keV to a dose of

1x10'7 ions/cm? at room temperature were analyzed by AFM, SEM, grazing incident X-ray diffraction (GIXRD), tensile test and

nano-indentation techniques. The results show that micro defects such as voids are formed in the two kinds of weld metals after ion

irradiation. After heat treatment, the weld of CLAM steel has the characteristics of smaller grain structure and higher grain boundary

density, which hinders the mutual aggregation of micro defects. The defects formed in the heat treated weld are distributed more evenly

and smaller in size, the weld always has better mechanical properties before and after irradiation. It is a feasible idea and method to refine

weld grains through heat treatment process for improving the resistant ability of weld irradiation damage and irradiation hardening.
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