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Study on Water-side Corrosion of New Zirconium-based Alloys

WANG Hui', HUANG Yu-cai', MA Shu-chun', WANG Rui-mao', HU Shi-lin’,
ZHANG Ping-zhu', ZHANG Wei-guo', ZHAO Wen-jin*, DING Zhi-feng®
(1. China Institute of Atomic Energy, Beijing 102413, China;
2. Nuclear Power Institute of China, Chengdu 610041, China)

Abstract: The out-of-pile corrosion tests were carried out for new zirconium-based alloys
N18 and N36. The thickness of oxide film in the surface of specimen was measured by
the methods of optical microscopy and eddy current. And the hydrogen absorptions and
hydride were also got. The studies indicate that N18 and N36 have a super corrosion

resistance than Zr-4.
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Table 1 Chemical composition and final heating treatment of studied cladding tubes

BEXENFERESIE ws/%
46 BERALBRE Rt
Sn Nb Fe Cr
A Zr-4 1.2~1.7 0.18~0. 24 0.07~0.13 BN B A $10 mmX0. 7 mm
Bt Zr-4 1. 20~1. 45 0.21~0. 24 0.11~0. 12 T B Rz F7 3B ok $9. 5 mmX 0. 57 mm
N18 0.8~1.2 0.3~0.4 0.3~0.4 0.07~0. 15 SERTERB K $9. 5 mmX0. 57 mm
N36 0.8~1.2 0.9~1.1 0.1~0. 4 ZAEAEHBK  $9.5 mmX0.57 mm
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Table 2 Corrosion conditions in out-of-pile loop
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X Bt BE/C BE/C EH/MPa (m-s™!) HBE/C K/ (Weem™ D) fF/(Weem™2) i B
PR B 298 300 15.5 3.4 338~340 298. 3 100 3.5 600
EHFEXBE 300 300 15.5 3.4 300 0 0 3.5 600
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Fig.1 Appearance of specimens

after 500 ‘C/24 h exposure in autoclave
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Table 3 Weight gains and appearance for specimens

after 500 C /24 h exposure in autoclave
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Fig.2 Metallographic examination

of oxide for specimens
after 500 C /24 h exposure in autoclave
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Fig. 3 SEM examination of oxide

for specimens after 500 C /24 h

exposure in autoclave
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Fig.4 Weight gains versus time

for specimens exposed

at 350 "C/16. 8 MPa/p(LD) =70 pg/g
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Table 4 Corrosion rates and transition oxide thickness
for specimens exposed at 350 C /16. 8 MPa/p(Li) =70 pg/g

. AT AL R TR ZWRE et 220 d JE g R #/ H—4k
PRl YTt /d i I .
JZBE/um i i / d HABIERE /pm (mgedm ™7 «d™')  fmEE
N18 110 2 0.313 17. 4
N36 80 2 0. 337 18.8
PR Zrd 60 2 220 5 1. 794 100
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Fig. 5 Maetallographic examination of hydride
for specimens after 317 d exposure
at 350 C/16. 8 MPa/p(Li) =70 pg/g
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Fig. 6 Oxide appearance of the specimens

after 252 d exposure in out-cf- zile loop
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Table § Oxide thickness for specimens after 252 d exposure in out-of-pile loop

HABEEE/pm
R TT i X B FERM X B
NI8 N36 i Zr-4 N18 N36 ot Zr-4
FithS 2. 14 2. 45 3.98 1. 38 1. 38 1.35
R 2.2 2.5 .1 1.5 1.5 1.6
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Table 6 Hydrogen absorptions for specimens after 252 d exposure in out-of-pile loop
I RER/(ug+ g™
N18 N36 Bt Zr-4
R B 16 21 30
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Fig. 7 Metallographic examination
of oxide for specimens
after 252 d exposure in out-of-pile loop
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