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Abstract

Fretting of fuel rod cladding material, Zircaloy-4 Tube, in PWR nuclear power plants must be
reduced and avoided. Nowadays the introduction of surface treatments or coatings is expected to be
an ideal solution to fretting damage since fretting is closely related to wear, corrosion and fatigue.
Therefore, in this study the fretting wear experiment was performed using TiAIN coated Zircaloy-4 tube
as the fuel rod cladding and uncoated Zircaloy-4 tube as one of grids, especially concentrating on the
sliding component. Fretting wear resistance of TiAIN coated Zircaloy-4 tubes was improved compared
with that of TiN coated tubes and uncoated tubes and the fretting wear mechanisms were delamination
and plastic flow following by brittle fracture at lower slip amplitude but severe oxidation and spallation

of oxidative layer at higher slip amplitude.
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Table 1 Chemical composition and mechanical
properties of Zircaloy-4 tube

Chetiiedl | e e | e | © o | z
element
Composition

(Wt%) 1.25]0.21 | 0.11 | 0.0153 | 0.0134 | bal.

Room 399°C

temperature

Mechanical | UTS, MPa 696 365

Properties |ooos ys, MPa| 517 296

Elong.(5.00cm) 24 % 32 %

BAI 1200 PVD-process / Coating

Hot filament cathode

Argon -

Fig. 2 Schematic illustration of BAI 1200

coating process
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Normal load, N

Fig. 4 Wear volume as a function of normal load

in lower slip amplitude at 3% 10° cycles
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Fig. 6 Comparison of TiAIN coated tube with
TiN coated and uncoated tubes
(70 gm, 1x10° cycles)

A7t AAn 857 F7hee) wel vhe
AR 7} Faste] TIAIN 293 AHe
whE e e A vhEe
45 ~ 50%°] €3ov TIN ZEF AH
whR el 55 ~70% HEHCH

Agasel datd A= Eolyel u
$4¢ UetEge wgon vluy Azl
A% 3 GBI gl w yulEa A
Y EE dasdc

=3 v -

2857

el

34 Z¥ g vpdde] vAlF #F

Fig. 82 40 m, 60 N4 1x10° Apo] 2
Eot AY S $a3 TIAIN ZHS =2z=2
°o]-4 FE9 uEHE AAFHu Aoz BFH
g ARzlolm My A RE v 1Y (partial
slip)e] & BoF3 Qo)

vfE o] FAEES TIAIN ZH”o] gz
Hol glon FIHe 1A JYoAME Fig.
8(b)sh o] HA Ao WA, 4Yste] v}
ol h, A4ade 43
453 2 eogte}

74 %5

E 3

1o,
:D_L

a1 =+

vt

d A A

92

300 gm, 5x10°
BN Un-Un
FESS TiN-Un
EEE TIAIN-Un

08

0.6

0.4 1

Wear volome, mm’

0.2 [

0.0

20

40 60
Normal load, N

80 100

Fig. 7 Comparison of TiAIN coated tube with
TiN coated and uncoated tubes
(300 ym, 5%10° cycles)
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(a) Partial slip (b) Brittle crack E)ropagation
Fig. 8 SEM photograph of a worn surface(40 mm, 60 N, 1x10” cycles)

(a) Delamination wéar (b) Accumulation of platic flow
Fig. 9 SEM photograph of a worn surface(70 um, 60 N, 1X10° cycles)
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(a) Severe oxidation on worn surface (b) Spallation of oxidative layer
Fig. 10 SEM photograph of a worn surface(200 gm, 40 N, 5x10° cycles)

X38 S68wm

G ; 4 PEeE
(a) Re-oxidation on spalled surface (b) Crack propagation of spalled surface
Fig. 11 SEM photograph of a worn surface(300 gm, 100 N, 1x10° cycles)
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