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Research Progress on Fretting Wear Behavior of Fuel
Cladding Materials in Nuclear Reactor

JIANG Haixia"’, DUAN Zewen'’, MA Pengxiang', WANG Peng'’

(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Gansu Lanzhou 730000, China
2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: Fretting wear failure of cladding is the main cause of fuel failure of pressurized water reactor in the world,
thus understanding the fretting wear behavior of fuel cladding in nuclear reactor is very important to the safe operation
of nuclear reactor. The zirconium alloy cladding used in the primary circuit of nuclear fission reactor not only bears the
erosion of high temperature and high pressure coolant, but also faces the harsh environment such as corrosion, strong
irradiation. This paper summarizes the influence of service environment on fretting wear behavior of cladding from the
aspects of mechanical factors, hydraulic conditions, irradiation and corrosion, and expounds the research progress of
accident-tolerant zirconium alloy cladding coating material and its influence on fretting wear between grid to rod fretting

in the future. Finally, the future research direction of fretting wear and corrosion wear of nuclear reactor cladding is
prospected.
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Fig. 1 (a) Development trend of China’s Nuclear Power Industry in recent years' ‘and (b) fuel failure mechanism of

pressurized water reactor in the world from 1987 to 2015
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Fig. 2 (a) Schematic diagram of coolant flow-induced fuel rod vibration* and (b) schematic diagram of an in-reactor

grid-to-rod fretting wear model
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Table 1 basic mechanical properties of nuclear fuel cladding and related coating materials
Material Thickness /um Condition Hardness E/GPa og/ MPa 0,/ MPa  §/%
Zr-1%Nb"™ - RT - - 320~380 180~250 28~40
Zr-2.5%Nb"" - RT - - 400~480 280~350 22~35
Zr-2% - RT - - 700 527 12
Zr-4 - RT - - 615~620 505~515 21~22
0 15 RT - - 516 383 29
Cr coating
15 400 °C - - 251 156 445
Cr coating" 3.1 RT 2070 HK - - - -
Cr coating™ 3.540.5 200~500 °C 6 GPa - - - -
Cr coating” 5~6 RT 215+15 HV - 887 812 1.7
FeCrAl coating®” 100k RT 4.81+0.16 GPa - - - -
. 143.88. 14.83(Transition-layer RT 300~500 HV - 455.5 142.5 48.9
FeCrAl coating+Mo transition-layer'®! ( yer)
350 G - - 211.9 845 478
FeCrAl coating+Mo transition-layer™™ 122.6+14.7. 4.95~19.52(Transition-layer) RT 253.8+£30.8 HV - - - -
25 C -+ + - - _
THAIC coating™ 70 15.842.1 GPa  273.04 +20.1
300 G 10.3£4.4 GPa  191.8+47.2 - - -
Ti,AIC coating” 90 RT 800 HK - - - -
Ti,AIC coating®”’ 3 RT 7.6 GPa 124.1 - - -

Notes: E: Young’s modulus; op: Ultimate strength; oy ,: Yield limit; J: Elongation
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Fig. 9 Effect of Cr coating on high temperature oxidation resistance and wear properties of zirconium alloy
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