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Table 1 Fitting relational parameter values of hydrogen absorption amount and hydrogen charging time for zirconium alloys

Material AH=at’ Electrolytic hydrogenation process parameter
a b Electrolytic solution Current density/A-cm™ Temperature/'C

SZA-4 188.46 0.46 0.5 mol/L H,SO4 0.3 65

Zr-2.5Np! 25.76 0.45 0.2 mol/L H,SO4 0.05 65
s) 0.5 mol/L H,SO4+

NI8 56.40 0.68 0.08 25
2 g/L HoNCSNH;

Zr-41' 5.55 1.48 5% H,S0,4+2 g/L H,NCSNH, 0.08 25

B2 SZA-4 XA HIBE 4. 8. 16 A1 24 h J5 I G40 K5 HUR A Gl D

Fig.2 Optical micrographs and backscatter electron images (inset) of SZA-4 samples after electrolytic hydrogen charging

for 4 h (a), 8 h (b), 16 h (c) and 24 h (d)
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Fig.3 XRD patterns of SZA-4 samples at different electrolytic

hydrogen charging time
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Fig.4 Optical micrographs and backscatter electron images (inset) of SZA-4 hydriding samples after 400°C/6 h homogenizing annealing:

(a)4 h, (b) 8 h, (c) 16 h, and (d) 24 h
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Fig.5 Variation curves of hydride layers thickness for SZA-4

hydriding samples before and after 400 ‘C/6 h homogeni-

zing annealing
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Fig.6 XRD patterns of SZA-4 hydriding samples after 400 ‘C/6

h homogenizing annealing
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Fig.7 Optical micrographs of SZA-4 hydriding samples after 400 ‘C/96 h homogenizing annealing: (a) 4 h, (b) 8 h, (¢) 16 h, and (d) 24 h
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Study of Electrolytic Hydrogen Charging Process and Microstructure
Evolution of Zirconium Alloy

Zhang Yin', Zhang Cheng', Yuan Gaihuan®, Gao Bo®, Song Xiping'
(1. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing, Beijing 100083, China)
(2. State Nuclear Bao Ti Zirconium Industry Company, Baoji 721013, China)

Abstract: The cladding tubes of a newly designed SZA-4 zirconium alloy of Zr-Sn-Nb system were hydrided using electrolytic hydrogen
charging technique. The effect of electrolytic hydrogen charging time on the hydrogen absorption amount and the type and distribution of
hydrides, as well as the effect of homogenization annealing time on the type and distribution of hydrides in SZA-4 zirconium alloy were
investigated. The results show that the hydrogen absorption amount of samples increases with the increase of hydrogen charging time, and
a parabola relationship between hydrogen absorption amount and hydrogen charging time was found. Microstructure analysis shows that
the hydride layers form on the surface of the samples after electrolytic hydrogen charging, while the inner part remains the zirconium alloy
matrix. And the thickness of the hydride layers increases with the increase of hydrogen charging time. The phase structure analysis shows
that the hydride layer is merely composed of d-ZrH; ¢ at the beginning and increases with hydrogen charging time. When hydrogen
charging time reaches 24 h, the hydride layer is composed of e-ZrH; 501 and J-ZrH, ¢ phase. After 400 “C/6 h homogenization annealing,
the thickness of the hydride layer of hydriding samples further increases, and platelet-like hydrides precipitate within the tubes along the
circumferential direction. The phase structures analysis of the homogenization annealing of hydriding samples shows that e-ZrH; so;
disappears and the original J-ZrH; ¢ hydride transforms into J-ZrH, s hydride in hydride layers. And after 400 ‘C/96 h homogenization
annealing treatment, all of hydride layers disappear, and thin platelet-like hydrides evenly distribute in the samples.

Key words: zirconium alloy; electrolytic hydrogen charging; hydride
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