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Effect of Hydrogen Uptake on the Corrosion of Zr-2.5Nb Alloy
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Abstract

The awverage hvdrogen and deuterium content i pressure tube increases significantly
as the service life increases in the reactor and the increased hydrogen (and deuterium)
might cause a Delaved Hydride Cracking (DHC) of pressure tube, In this study, the
hvdrogen uptake behavior of Zr-Z20Nb pressure tubes in Wolsong Unit 1 was analvzed
and compared with Canadian CANDU reactors, The effect of microestructure on the
hvdrogen uptake and the effect of hydrogen uptake on the corrosion of Zr-Z5MNb were
alse studied to understand the hydrogen uptake behavior of pressure tube, The aged
Zr-2 5Nk consisting of @-2Zr and #-Nb phases showed higher hwdrogen uptake than
that consisting of @-2r and 5-Zr phases (similar structure of pressure tube), The
hwdrogen uptake in the alloy has neo effect on the behavior of oxidation,
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Takle 1, Hwvdrogen Contents of Zr-25Nb &lloys after Hyvdrogen Charging,

Heat Trieatment Microstructure H Content {ppm]]
@uenching  1000°%, 15min a’-Zr 19
—wrater quenching
Againg Guenching a-Zr, 2-Nb 33/78/154/474
—=ER0%, 10 davs
Annealing  850°%, 1 hour a-Zr, B-7I 19/66/103/204

—alr cooling

1) Hydrogen gas charging targets are 0, 30, 100, 250ppm, respectively,

Table 2, Hwdrogen and deuterivm concentration in scrape samples of Q06 and 515

channels in Woalsong-1 [45],

; : D] (mefke) [H] im 1
Chamnel ID Axal Loc'n IMEFEE gl'kg [Hinsea
(mm) 1992 © 1998 | 199z | 1998 | ‘m&/ke)
2.0 43 A 17 38
4.0 1149 19 14 132
Qs 5.0 18 31 129 123 3.
E.6 - 75 - 39
2.0 7 59 101 101
A0 97 18 115 115
S5 5.0 132 23 133 123 6.3
5.6 - 23 - 124




Deutrrium Pick-up (ppm)
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Fig. 1. Deuterium concentration in Zircaloy-2 and Zr-2.5Nb
pressure tubes including Wolsong-1 reactor.
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Fig. 2. Deuterium concentration along Zr-2.5Nb pressure tubes from

Bruce(3.56-7.64 EFPY) and Wolsong-1(8.07/13.09 EFPY) NGSs.
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Fig. 3. Equivalent hydrogen uptake rate related to temperature
of Zr-2.5Nb pressure tubes from Wolsong-1
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Fig.4 Changein weight gain with oxidation time obtained from the
Zr-2.5Nb alloy in H,O steam of 10 MPaat 400°C.
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Fig. 5. X-ray diffraction patterns of oxide grown on Annealed Zr-2.5Nb

(204ppm H) in H,O steam at 400°C for 0, 1, 10, 71 days.



Fhoto 1, Hydrides in the Zr-25Nb alloys after hydrogen charging, (a) Annealed (19ppm

FPhoto 2, Scamming electron micrographs of Zr-2 5Nb allovs after hydrogen charging,
(a) Annealed (Z04ppm H), (b) Aged (d24ppm H),
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