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Cyclic Thermal Shock Behavior of Cr Coating on Zirconium Alloy
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Abstract: In order to study the cyclic thermal shock behavior of the Cr coating on the surface of zirconium alloy, the self-developed
thermal shock equipment is used to simulate the cyclic thermal shock environment, and the thermal shock test of the Cr coating
prepared by the multi-arc ion plating technology is carried out with different cycles. The phase change and hardness change before
and after thermal shock are analyzed by X-ray diffractometer (XRD) and microhardness tester, and the surface damage behavior of Cr
coating is explored by scanning electron microscope (SEM) and energy spectrometer (EDS). During the cyclic thermal shock process,
the oxide layer generated by the Cr coating has a “self-healing” effect, which can effectively block O from entering the zirconium
alloy matrix and induce non-uniform diffusion of the Cr-Zr intermediate layer. The internal diffusion of a large amount of Cr element
will promote the generation of a-Zr(O). A large number of cracks generated by thermal shock are distributed in the outer oxide layer,
the non-uniformly diffused intermediate layer and the a-Zr(O) layer. After N=24 cycles of thermal shock, the residual Cr coating can
still effectively protect the zirconium alloy matrix and prevent Zr from reacting with a large amount of O. By dividing the cyclic
thermal shock behavior of the Cr coating on the surface of the zirconium alloy into three stages, this paper further reveals the
evolution of the microstructure and thermal shock resistance of the Cr coating on the zirconium alloy under the action of the cyclic
thermal shock.
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morphologies of original sample.
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(a) Schematic diagram of thermal shock test device
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Fig. 2 Schematic diagram of thermal shock test device and load diagram
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Fig. 5 Surface morphology after thermal shock test with different cycles.
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Table 1 Chemical composition analysis of EDS in Fig. 5 (at. %).
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Fig. 6 Cross section morphology and elemental analysis after thermal shock test with different cycles.
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Fig. 10 Section morphology and element analysis after cyclic thermal shock times N=24.
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