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Table 1 Hydriding parameters and hydrogen content

No. 1# 2# 3# 4#  S5#
Gas flow/L h™ 50 50 50 50 200
Holding time/h 1 2 4 6 6

Hydrogen content/ug-g* 98 154 315 513 956
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Fig.1 Optical micrographs of the hydride microstructures with different hydrogen contents: (a) 98 /g, (b) 154 pg/g, (c) 315 pg/g,
(d) 513 g/g , and (e) 956 Lg/g
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Fig.2 Engineering stress-strain curves of N36 cladding specimens

with different hydrogen contents
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Table 2 Ring tensile test results of N36 cladding specimens

with different hydrogen contents

Hydrogen content/pg g 0 98 154 315 513 956

Rm/MPa 499 504 508 527 533 532
Rp, ,/MPa 472 477 475 505 503 501
Ductility/% 34 33 33 21 16 93
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Fig.3 Effect of hydrogen content on the tensile strength, yield
strength (a) and ductility (b)
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Fig.4 Fracture patterns of specimens with different hydrogen contents: (a) 0 pg/g, (b) 98 wg/g, (c) 154 pg/g, (d) 315 g/g, (e) 513 wo/g,

and (f) 956 pg/g
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Fig.5 SEM images of different fracture patterns of specimens with

different hydrogen contents: (a) 154 pg/g and (b) 956 |o/g
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Fig.6 SEM images of different areas in 45°shear type fracture of specimen with hydrogen content of 154 pg/g: (a) shear lip area,

(b) radiation fiber area, and (c) fiber area
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Fig.7 SEM images of specimens with different hydrogen contents: (a) 0 ug/g, (b) 98 ug/g, (c) 154 wo/g, (d) 315 g/g, (e) 513 /g,
and (f) 956 1g/g
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Effect of Hydrogen on Ring Tensile Properties of N36 Zirconium Alloy Cladding Tubes

Xu Chunrong®, Zhao Wenjin', Xie Meng?, Chen Le*, Wang Pengfei'
(1. Science Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China, Chengdu 610213, China)
(2. Western Energy Material Technologies Co. Ltd, Xi’an 710016, China)

Abstract: Zirconium alloy fuel cladding picks up hydrogen during operation through a corrosion reaction with coolant water, which reduces the
ductility of the cladding. However, there is a connection between the extent of hydride embrittlement and hydrogen concentration. The effect of
hydrides formed by the gas hydrogen charging method with hydrogen content between 0~1000 pg/g on the ring tensile properties of N36
zirconium alloy cladding tubes was investigated. Results show that the ductility declines with the increasing of hydrogen concentration when
exceeding 150 pg/g hydrogen content level. The ductility decreases to 9% when the hydrogen content is about 1000 pg/g. But the hydrogen
concentration within 1000 pg/g has little effect on the tensile strength and yield strength. The fracture pattern is found to depend strongly on the
hydrogen concentration. With the increase of hydrogen, the fracture types change from 45%shear type fracture to cup and cone type fracture to
chisel edge type fracture.

Key words: N36 zirconium alloy cladding tube; hydrogen concentration; hydride; ring tensile properties
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