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Fig. 1 Schematic diagram of testing equipment
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Fig.2 Surface micro-morphology of Zr alloy cladding tube before (a) and after (b) corrosion in flowing water in hydrochemical environment
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Fig.3 Surface micro-morphology of coated Zr alloy cladding tube before (a) and after (b) corrosion in flowing water in

hydrochemical environment
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Fig.4 Surface micro-morphology of FeCrAl alloy cladding tube before (a) and after (b) corrosion in flowing water in hydrochemical environment
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Fig.5 Surface micro-morphology of Zr alloy (a) and coated Zr alloy (b) cladding tube (with electric heating) after corrosion in

flowing water in hydrochemical environment
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Fig.6 XRD patterns of Zr alloy (a), coated Zr alloy (b) and
FeCrAl alloy (¢) cladding tube before and after corrosion

in flowing water in hydrochemical environment
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Tab. 1 EDS analysis results of 3 cladding tubes after corrosion in flowing water in hydrochemical environment

S8 %
ok (A

Cr Zr 0 Fe Nb Ni Al Ti

1 — 37.26 61.58 — 1.16 — — —

Zr 54 2 — 35.59 63.45 0.96 — — — —

3 — 37.82 60.89 0.23 1.05 — — —

1 5.80 49.21 33.13 10.72 1.15 — — —

B2 Ir 54 2 84.04 — 12.99 2.37 — 0.59 — —

3 83.06 — 13.57 2.77 — 0.60 — —
1 12.23 — 18.93 59.27 — — 8.33 0.37
FeCrAl &4 2 13.12 — 25.75 55.05 — — 5.03 0.33
3 13.44 — 30.34 51.41 - — 4.15 0.29
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Tab.2 EDS analysis results of Zr alloy and coated Zr alloy cladding tube (with electric heating) after corrosion in

flowing water in hydrochemical environment

Pt i PR
Zr O Fe Nb C B Cr
1 87.80 9.64 0.24 2.32 — — —
IO 2 82.80 12.91 2.31 1.99 - - -
3 63.41 33.13 2.04 1.42 — — —
4 74.22 23.30 0.07 2.41 - - -
1 — 3.06 - - 5.25 - 91.69
W2 Ir &4 2 - 4.09 0.52 — 7.25 — 88.14
3 23.26 7.05 0.54 - 15.10 8.53 45.52
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Fig.7 XRD patterns of of Zr alloy (a) and coated Zr alloy (b)

cladding tube (with electric heating) after corrosion in

flowing water in a hydrochemical environment
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Experiment on Dynamic Water Corrosion of Accident Tolerant Fuel Cladding Materials
in Hydrochemical Environment

TONG Gang, WANG Shihuai, PENG Fan, LU Donghua, WANG Kuo, YAN Jun, XUE Jiaxiang
(Comprehensive Thermal-Hydraulic and Safety Laboratory, China Nuclear Power Research Institute Co., Ltd.,
Shenzhen 518000, China)

Abstract: In order to master the dynamic water corrosion resistance of accident tolerant fuel (ATF) cladding materials, a
special bench was set up to simulate the thermal-hydraulic environment and water chemical environment of the core. The
dynamic water corrosion tests were carried out for ordinary Zr alloy, Zr alloy coated with Cr metal coating, FeCrAl alloy and
other ATF cladding candidate materials under the condition of empty tube and built-in electric heating rod. The results show
that there was no obvious oxide film on the surface of the three cladding tube candidate materials after 28 days of corrosion in
dynamic water in hydrochemical environment, indicating that each material had good short-term corrosion resistance.
Compared with the empty tube condition, the granular oxidation products on the surface of Zr alloy and Zr alloy coated with Cr
metal coating were denser and the oxidation resistance was better under the condition of built-in electric heating rod. Under the
condition of empty tube and built-in electric heating rod, Zr alloy coated with Cr metal coating had better corrosion resistance
than ordinary Zr alloy. However, under the condition of built-in electric heating rod, other phases were detected on the surface
of both materials, which needed further study.

Key words: accident tolerant fuel(ATF); fuel cladding material; dynamic water corrosion; micro-morphology
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