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(a) —load-displacement curves under different coating thicknesses; (b) —the distributions of the maximum

principal strain obtained from DIC and finite element calculation at the displacement of 6. 0 mm.
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Figure 2 Experimental and finite element results of the Cr coated Zry cladding under the ring

compression test
HhECT ATE IR 2 19 JF 2447 S MAL B2 IR 2 0
JENFFE R S . K 3N E IR BT ATE iR 2 2
Sl M R AWOR IR . AMEATVET T L i R S e 1
HF AR I7 0 9 ATFE R i 455 704 (WL 3(a)) .
ATF IRJZ S G YERE ™ 5 52 w45 IR B R 80

(a) Surface crack

PR . AN AT R SR O, R Ay JE ]
RE BRI RO : (1) 3R )2 F W4 & R AFnt, R
B2 2t U 2 LI, ] Ze BRI Y ER YT (L& 3
(b)) 5 (2) W JZ= F 45 & B 22 ), 2l B0 m] RE 22 Ui
HURZ /BRSO 7 I U R 2 kA B B

(b)

ATF coating "

0 E>

(d)

<] Zr substrate
Il

<] Interfacial crack

L

I

O

(a)—UR)Z R IT 2 ; (b) — R MR L ZEAA Y 5 (o) —FR MRS R R ;

(d)— 2 T 2L [a] hf 1] S A AL 9 e

(a) —surface crack in the coating; (b) —crack propagates to the substrate; (¢) —

crack propagate along the interface; (d) —crack propagate both to the substrate and

the interface.
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Figure 3 Four kinds of typical cracking modes of ATF coatings under tensile

loadings
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Figure 4 In situ observations of the crack propagation in the Cr coating upon three-point bending
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Figure 5 Crack patterns in the Cr coatings observed after testing under different biaxiality ratios «
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(a)—stress distribution of the coating along the interface based on a shear-lag model; (b)—experimental and

analytical results of evolution of crack density with strain for the coatings with different interlayer thicknesses.
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Figure6 Evolution of crack density and stress distribution of the coating based on a shear-lag model
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(a) —evolution of surface crack density with deflection; (b) —interfacial crack propagation with strain; (c) —finite element and

experimental results of interfacial crack propagation.
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Figure 7 Finite element results of the surface and interfacial cracking of Cr coatings under external loadings
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(a)—SEM morphology; (h)—TEM morphology; (¢)—EBSD orientation map.
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Figure 8 Cross-sectional morphologies of Cr coated Zr-4 alloys
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(a) RT

(b) 400 C

(¢) 470 C

(a)—Z i ;(b)—400 °C;(c)—470 °C,
(a)—at RT;(b)—at 400 “C;(c)—at 470 °C.
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Figure 9 Surface and cross-sectional morphologies of the Cr coatings after tensile testing at

different temperatures
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(a)—JFIRIR)Z ; (b)) —H B AIRZ; (O)— AR E.
(a)—as-deposited coating; (b)—annealed coating; (¢)—pre-oxidized coating.
E12 ZSATHNKEER. EZEBA FELCrieEHEEmRES
Figure 12 Cross-sectional morphologies of the as-deposited, annealed and pre-oxidized Cr coatings
after three-point bending tests
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Figure 13 Schematics of the microstructure evolution and cracking behaviors of Cr coatings
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Figure 14 Self-developed LOCA test facility for accident tolerant nuclear fuel claddings for accident
tolerant nuclear fuel rod and for accident tolerant nuclear fuel bundle
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(a)—curve of burst temperature-burst pressure ; (b)—optical macrographs of different claddings during burst tests.
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Figure 15 Burst temperature vs. burst pressure and optical macrographs of different claddings during

burst tests
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Figure 16 The maximum outer diameter strain vs. temperature of the uncoated and Cr coated Zr4 claddings during

burst tests
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Progress in Strength Assessment of Surface Coatings for Accident
Tolerant Fuel Claddings

JIANG Jishen,MA Xianfeng", WANG Shuai,ZHAI Hailin, WU Mingjie , ZHONG Jingyu,
CHEN Xinchen,ZHANG Wenjie
(Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-Sen University, Zhuhai 519082, China)

Abstract: Among the accident tolerant fuel (ATF) concepts, surface coating technology has been regarded as one of the
mainstream solutions for improving the accident resistance of the new generation of nuclear fuel systems, and has the prospect
of being put into application in recent years. High temperature strength is an important indicator for the performance
assessment of ATF coatings. Thus, in-depth studies of the mechanical properties and failure mechanism of ATF coated
claddings are of great significance for the design, preparation and establishment of safety criteria for ATF coatings. This review
focuses on the cutting-edge work in the worldwide research on the strength of ATF coatings in recent years, involving the
mechanical properties and failure mechanism of ATF coatings, the in-situ mechanical testing technology and models, and the
strength of ATF coatings under high-temperature service conditions and serious accident conditions.
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