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Research progress about the effect of neutron irradiation on
the microstructure of zirconium alloys

WU Lu*", QIU Shaoyu", WU Xiaoyong™"., ZHANG Wei*, WEN Bang"" .,
WANG Fei*, LI Guoyun®, JIANG Linzhi*, FENG Mingquan®
(a. The First Institute; b. National Key Laboratory for Nuclear Fuel and Material,
Nuclear Power Institute of China, Chengdu 610041, P.R.China)

Abstract: As the first safety shield of the nuclear reactor, the microstructure of zirconium alloys is one of
the most popular research focuses in the world, especially for secondary phases, hydrides and oxidation
film. In this paper, the research progress about the effect of neutron irradiation on secondary phases and
hydrides in zirconium alloys was summarized. In addition, the shortages in present research were found and
some suggestions were given, such as obtain the evolvement rules under actual employ conditions by using
microstructure analysis methods to investigate the secondary phases, hydrides and oxidation film in
zirconium alloy under different neutron fluence. Furthermore, theoretic supports for optimizing and
improving on zirconium cladding materials in China would be given by this research.
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Table 1 The chemical compositions of several typical zirconium alloys(wt, % )71

B4 Sn Fe Cr Ni O C Nb
Zr-2 1.2~1.7 0.07~0.20 0.05~0.15 0.03~0.08 0.08~0.15 0.001 5~0.003
Zr-4 1.2~1.7 0.18~0.24 0.07~0.13 0.007 0.08~0.15 0.001 5~0.003
K85 Zr-4 1.2~1.5 0.18~0.24 0.07~0.13 — 0.09~0.16  0.011~0.014 <5.0X107°
E635 1.2~1.3 0.34~0.40 — — 0.05~0.07 0.005~001 0.95~1.05
ZIRLO 0.8~1.2 0.09~0.13 (79~83)X10 ¢ — 0.09~0.12  0.006~0.008 0.8~1.2
M5 — — — — 0.09~0.15 — 0.8~1.2
N18 1.0 0.3 0.05 — — — 0.3
N36 1.0 0.3 — — — — 1.0
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Fig.1 The (a) optical and (b) EBSDimages of Zr-2.5Nb alloy with 300 ppm hydrogen containing"**’
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Fig.2 Zirconium hydrides precipitated in Zr-4 alloy within grains and at grain boundaries""]
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Fig.3 The BF images of dislocation loops in Zr-4 alloys under different irradiation conditions"*
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