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Fretting Wear Mechanisms of TiN Coated Nuclear
Fuel Rod Cladding Tube
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Abstract — The fretting wear of a nuclear fuel rod is a dangerous phenomenon. In this study, TiN coating was
used to reduce the fretting wear of Zircaloy-4 tube, a nuclear fuel rod cladding material. TiN coating is probably
one of the most frequently and successfully used PVD coatings for the mitigation of fretting wear. The fretting
tester was designed and manufactured for this experiment. The number of cycles, slip amplitude and normal load
were selected as main factors of fretting wear. The results of this research showed that wear volume was
improved 1.3~ 3.2 times with TiN coating. The worn surfaces were observed by SEM. Wear mechanism at lower
slip amplitude was the brittle cracks and rupture of TiN coating. However, adhesive and abrasive wear were
mainly observed on most surfaces at higher slip amplitude.

Keywords — fretting, zircaloy-4, TiN coating, wear mechanism.
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Fig. 1. Schematic diagram of fretting wear tester.
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Table 1. Chemical composition and mechanical pro-
perties of Zircaloy-4 tube

Chemical Fe Cr C o 7
Element
Composition 3 53 .12 00164 0.125 balance
(wWt%)
Room Temp 399°C
UTS(MPa) 722 369
Mechanical 02%YS
Properties (MPa) 325 298
Elongation
(5.00 cm) 23% 29%
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Fig, 2. Wear volume as a function of slip amplitude at
5X10° cycles.
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Fig. 3. Wear volume as a function of normal lead at
40 pm.
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Fig, 4, Wear volume as a function of total sliding
distance.
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Fig. 5. Wear volume as a function of normal load
compared with uncoated Zircaloy-4 tube (70 um, 1 X
10° cycles).
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Fig. 6. Brittle cracks in the edge of scar due to the
max. tensile stress (40 zan, 60 N, 1X 10° cycles).
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Fig. 7. SEM photograph showing plastic folw

(a) The cracks generated by accumulation of plastic
flow (40 m, 100N, 3 X 10° cycles) (b) The scar of deta-
ched debris generated from cracks (70 um, 100N, 3 X
10° cycles).
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Fig. 8 Adhoslon and abraswe wear above critical sllp
amplitude (300 um, 60 N, 1x10° cycles).
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