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Abstract; In order to improve the safety of zirconium fuel cladding under accident conditions, three different kinds of micro-
structure Cr-N coatings were prepared by magnetron sputtering on zirconium alloy substrates. The surface morphology, cross-sec-
tional structure, chemical composition and phase structure of the coatings were characterized by scanning electron microscope,
energy dispersive spectrometer and X-ray diffractometry. The mechanical properties of the coatings were measured by nanoindent-
ation. The oxidation resistance of the coatings were evaluated by high temperature steam oxidation test. The results show that the
growth structures of coatings are " porous columnar" , " dense non-columnar" and " dense columnar" , with the increase of N con-
tent, respectively. The hardness of " dense non-columnar" coating is 2 times higher than the " porous columnar". At the same
time, the oxidation scale of the coating with " dense columnar" structure is uniform and dense during the oxidation process,
which can effectively protect Zr alloy from oxidation for 6 hours.
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Table 1  Elemental composition, thickness, main microstructural features and mechanical properties for the coatings
Composition, a/% . . )
Sample C N Thickness/ pm Microstructure Hardness/GPa  Elastic modulus/GPa
T
S1 100 0 ~12.5 Porous columnar 7.2+0.3 239+8
S2 86.9 13.1 ~10.3 Dense non-columnar 15.9+2.5 285+9
S3 81.5 18.5 ~9.8 Dense columnar 13.4+1.1 263+4
Zr 3.3+£0.5 126+5
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XRD patterns of coatings with different N contents
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Fig.2  Surface and cross-sectional morphologies of the coatings
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Fig. 3 Acoustic emission signals of the coatings scratch test
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Table 2 Weight gain (W,,,) and oxidation depth (D, ) of coatings after high temperature oxidation test

Sample 1h 2 h 4 h 6 h
Wi/ ( mg-cm ™) Do/ pm W,/ ( mg-cm™’) Dyoy/pm W,/ ( mg-cm ™) Do)/ pm W, 7 ( mg-cm ) Dypi0)/ m
S1 6.1 0 75.3 ~80
S2 1.5 0 8.4 0 33.4 0 27.3 0
S3 11.0 0 26.5 0 48.2 0 53.1 ~50
Ir 22.6 ~120 26.7 ~150 37.8 ~280 51.6 ~300
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Fig.5 Surface and cross-sectional morphologies of S1 after oxidation
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Fig. 6  Surface and cross-sectional images of S2 after oxidation
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Table 3 EDS analysis results for the points labeled in Fig. 6

Sample Figure  Label (0] Cr Zr
ID (/%) (a/%) (a/%)
S2 Fig. 6 A 48.95 51.05
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Fig. 7 Surface and cross-sectional morphologies of S3 after oxidation



94 b m &k W L R

2020 4E

TR R, A S Ak W s 7 5 118 Xl e Ay S 3
B 7(d) &2 2 h EJE MR IDES, Cr,0, FAb)Z
(SRR BERE TN, 0 A e FL P A LR B 3 2 Ak
Je PER AR TR 2 R B/, U B SR A i A R )
AL ZBOR BEAN R 0 T4 AT i BELRS g T A
PR, IR JZ RS U AE

Bl 7(e) &4t 6 h A LG S3 RMEITEH,
VR LA I NAR— I« g0 | SR Y X 8k
TFRFT 2L 3B XSl . Sk By BT E 30 R
Bl 7(f) KT G~M S/ EDS 553413 4 FR .,

&4 E7HRERAEDS SHER
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