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Fig.1 Morphologies of Cr coating with different composition distributions on Zr4 alloy: (a) surface morphology of Zr4 alloy sample after Cr ions

bombardment and corresponding Fig.1a EDS Zr mapping (c) and Cr mapping (d); (b) surface morphology of Cr coating; (e) cross section

morphology of Cr coating; (f) Zr and Cr element distribution across the Cr coating
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Fig.2 Surface morphology (a); cross section morphology and EDS element line scanning of Cr coating (b) and uncoating (c) Zr-4 alloy after

corrosion in steam at (42043) ‘C/(10.320.7) MPa for 50 d
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Fig.3 Hydride distribution of Zr-4 alloy substrate (a) and Zr/Cr
coating (b) after corrosion in steam at (420+3) ‘C/(10.31+0.7)
MPa for 50 d
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Fig.4 Hydride distribution of Zr-4 alloy substrate (a) and Zr/Cr
coating (b) after corrosion in 1 mol/L LiOH at 360 C solution
for4 h
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Fig.5 Cross section morphologies and EDS element line scanning of
Zr-4 alloy substrate (a) and Cr coating (b) after thermal shock
at AT=800 C
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Fig.6 Cross section morphologies and EDS element line scanning of
Zr-4 alloy (a) and Cr coating (b) after thermal shock at
AT=1000 C
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Fig.7 Cross section morphologies and EDS element line scanning of

Zr-4 alloy (a) and Cr coating (b) after thermal shock at

AT=1200 C
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Fig.8 Oxidation kinetics curves of Zr-4 alloy substrate and Cr

coating under thermal shock
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Table 1 Tensile properties of uncoated and Cr coated Zr-4 alloy

substrate at room temperature

Tensile strength, Non-propo_rtional Specif_ic
Sample R./MPa elongation elongation,
strength/MPa Au13/%
Zr-4 552 386 30.5
CriZr 1# 537 370 27.0
CrlZr 2# 538 358 27.0

®2 TERE Zra S&EMINHK CrigBik#F 380 Chrfiitae
Table 2 Tensile properties of uncoated and Cr coated Zr-4 alloy
substrate at 380 ‘C

. Non-proportional Specific
Tensile strength, . .
Sample R /MPa elongation elongation,
" strength/MPa A11.3/%
Zr-4 237 118 435
Cr/Zr 1# 243 124 455
CriZr 2# 254 139 48.0

9 Crif/ZilFE =R & 380 CHfi i L3R
Fig.9 Tensile fracture morphologies of Cr coated samples at room
temperature (a) and 380 'C (b)
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Table 3 Bursting performance of uncoated and Cr coated Zr-4

alloy substrate at room temperature

Specified shaped Total

Bursting strength/ . . .
g g bursting strength/  circumferential

Sample

MPa MPa elongation/%
Zr-4 699.96 610.6 45.34
Cr/Zr 1# 656.34 572.5 42.22
CrlZr 2# 657.09 550.8 42.1

K 10 2090728 Zr-4 JEAR K iR R AR RELE CRE R 1 B
I TR AR 2 B TR 100 A5 IO S - W LA Y, 2
T RE RS 76 2 AN R . AR 75 (Bl A
7 2T B BU a5, wlsl 10a Frs,
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Fig.10 Macro (a, c) and micro (b, d) morphologies of Zr-4 alloy substrate (a, b) and Cr coated (c, d) samples after internal pressure blasting

at room temperature
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Microstructure and Properties of Accident Tolerant Cr Coating Synthesized on Zr-4 Alloy

Wang Yanfeng', Geng Juanjuan®, Wang Yifei*, Zhang Changwei*, Yue Huifang?®, Gao Shixin?, Li Zhengxian
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: Cr coating was prepared on the surface of Zr-4 alloy by plasma enhanced physical vapor deposition technology, and the interface
between coating and substrate was bombarded and strengthened by Cr ion before coating deposition. The properties of the coating system and its
influence on the zirconium alloy matrix were evaluated. The high temperature steam accelerated corrosion test results show that compared with the
uncoated Zr-4 alloy substrate sample, the diffusion of oxygen into the Zr-4 alloy substrate is obviously hindered and the formation of harmful
hydrides in the substrate is effectively inhibited. The Cr coated sample does not fall off, and the substrate is not oxidized in the high temperature
(>1000 °C) thermal shock test, but the uncoated substrate is totally oxidized. The tensile and internal pressure blasting tests results also show that
the Cr coating exhibits good adhesion to the Zr-4 substrate, with little effects on mechanical properties of Zr-4 substrate. It can be considered that
the Cr coating is one of the ideal accident-tolerant coating materials on Zr-4 cladding.

Key words: Cr coating; Zr alloy cladding; accident tolerance; high temperature steam corrosion
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