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Table 1 Chemical composition of the grinding material (/%)

Mo Nb

Material Zr Sn Fe Cr Ni  Ti
Zr-4 Bal. 1.50 0.20 0.10 - -
16.42 19.92° Bal. 1.13 3.26 5.73

Inconel 718
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Fig.1 Schematic diagram of fretting wear between cladding and

dimple/spring in grid cell
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Table 2 Test parameters of fretting wear

Environment 2.2 gl/g Li + 1200 g/g B

Temperature/°C 310
Pressure/MPa 155
Dissolved oxygen/><10~ g g <10
Frequency/Hz 30
Amplitude/pm +0

Time/h 192

Kl 2 NJE4E Zr-INb &4 658 Cr iRk)/= Zr-1Nb
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Fig.2 SEM images of unworn claddings: (a) as-received Zr-1Nb;

(b) surface of Cr-coated Zr-1Nb; (c) cross section of

Cr-coated Zr-1Nb
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Table 3 Microhardness and nanohardness of grinding
materials
Sample  Vickers hardness, HV,.,/ X 9.8 MPa Nanohardness/GPa
Cr coating 282 2.9
Zr-1Nb 215 2.2
Zr-4 226

Inconel 718 495 7.3
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Fig.3 3D-profile morphologies of worn scars on claddings: (a) as-received Zr-1Nb with dimple; (b) Cr-coated Zr-1Nb with dimple;

(c) as-received Zr-1Nb with spring; (d) Cr-coated Zr-1Nb with spring
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Fig.4 2D contour curves of wear scars on claddings: (a) as-received Zr-1Nb with dimple; (b) Cr-coated Zr-1Nb with dimple;

(c) as-received Zr-1Nb with spring; (d) Cr-coated Zr-1Nb with dimple
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Fig.6 Wear scar morphologies (a~c) and EDS element mapping (d)
of Zr-1Nb alloy cladding against dimple: (a) overall SEM
micrography; magnified micrography of the rectangle 1 (b)
and the rectangle 2 (c) marked in Fig.6a
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Fig.7 Wear scar morphologies (a~c) and EDS element mapping (d)
of Cr-coated Zr-1Nb cladding against dimple: (a) overall
SEM micrography; magnified micrography of the
rectangle 1 (b) and the rectangle 2 (c) marked in Fig.7a
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Fig.8 Wear scar morphologies (a~d) and EDS element mapping (€)
of Zr-1Nb cladding against spring: (a) overall SEM
micrography; magnified micrography of the rectangle 1 (b),
the rectangle 2 (c), and the rectangle 3 (d) marked in
Fig.8a



%59

DRI : CriREXNS Zr-IND & S AL 5EIMah B 54T 9 B

© 3425 -

9 XTEERINHER Crik)E Zr-INb A& B % BIRRMIEH
A1 EDS JTEK I 73 Afi

Fig.9 Wear scar morphologies (a~c) and EDS element mapping (d)
of Cr-coated Zr-1Nb cladding against spring: (a) overall
SEM micrography; magnified micrography of the
rectangle 1 (b) and the rectangle 2 (c) marked in Fig.9a
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Table 4 EDS analysis results of different positions on claddings
in Fig.6d, 7d, 8e, 9d (at%)

Position 0} Cr Zr Nb Ni Fe
P1 60.35 - 38.16 1.04
P2 68.09 - 31.22 0.70
P3 63.55 - 35.36  1.09
P4 65.59 1.97 32.00 0.44
P5 47.86 3231 1949 0.34
P6 5.01 94.99 - - - -
p7 60.77 0.02 37.96 1.05 0.03 0.17
P8 69.08 - 2981 081 0.11 0.19
P9 5.19 21.55 - 241 5193 1891
P10 48.09  41.07 - 0.55 7.28 2.61
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Effects of Cr Coating on Fretting Wear Behavior of Zr-1Nb Alloy Cladding

Peng Zhenxun', Wang Zhanwei®, Yan Jun®, Zhao Yahuan', Liang Xue?, Liu Tingting®, Ma Wenhui', Ren Qisen?,
Liao Yehong!, Li Kun*
(1. China Nuclear Power Research Institute, Shenzhen 518026, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: The fretting wear behavior and damage mechanism of Cr-coated and uncoated Zr-1Nb alloy cladding with AFA 3G grid under
simulated PWR primary water environment were studied contrastively by 3D white light interferometer, SEM and EDS. The results
indicate that Cr coating can significantly improve the fretting wear resistance of Zr-1Nb alloy cladding. In addition, for cladding against
dimple, the dominant wear mechanism of Zr-1Nb is delamination and abrasive wear. However, the main damage mechanism of Cr-coated
Zr-1Nb is adhesive wear and materials transfer, due to higher surface hardness and formation of protective third body layer. For cladding
against spring, the damage mechanism is delamination and adhesive wear for Zr-1Nb, while abrasive wear for Cr-coated Zr-1Nb.

Key words: fuel cladding; Zr-1Nb alloy; Cr coating; fretting wear
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