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Influence of Pre—stress and In—situ Stress on the

Corrosion Behavior of Zircaloy—4
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Abstract

Influence of pre-stress and in-situ stress on the corrosion behavior of Zircaloy-4 was
evaluated in steam at 400C. In order to observe the pre-stress on the corrosion
behavior, the alloys were tensile tested up to three conditions (before YS, between YS
and UTS, and after UTS) at room temperature. The microstructures of pre-deformed
specimens revealed a high dislocation density as the deformation increased. The results
of corrosion tests revealed that the corrosion resistance was not affected by the
pre-stress. It is thus concluded that the dislocation formed by the pre-stress does not
affect the corrosion behavior of Zr-alloys. However, the corrosion resistance under high
applied tensile stress was accelerated. It would be attributed to accelerate the phase
transformation near the matrix-oxide interface from tetra-ZrO,; to mono-ZrO; due to the

relaxation of compressive stress in the oxide scales.
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Table 1. Experimental conditions of Zircaloy-4

Influence Tensile Stress [MPa] Remark
no stress 0
YS = 473 MPa
before YS 300
Pre-stress uTs = 705 MPa
between YS and UTS 650
at room temperature
after UTS 680
) no applied stress 0
In-situ o
; before YS 120 48% of YS at 400TC
stress
before YS 220 88% of YS at 400TC
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Fig. 1. Bright field TEM images of Zircaloy-4 showing the change in the microstructure
by tensile deformation. (a) without pre-stress, and with pre-stressed (b) before YS, (c)
between YS and UTS, and (d) after UTS.
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Fig. 2. Effects of pre-stress on the corrosion behavior of Zircaloy-4 in steam at
400C.
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Fig. 3. Effects of pre-stress on the final weight gain of Zircaloy—-4 after corrosion
in steam at 400C for 210 days.
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Fig. 4. X-ray diffraction patterns of Zircaloy-4 after corrosion in steam at 400C
for 210 days.

500

400 |-

H content

300 (before YS) 650 (btn YS-UTS) 680 (after UTS)
Pre-stress (MPa)

Fig. 5. Absorbed hydrogen contents of Zircaloy-4 after corrosion in steam at 400C
for 210 days.
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Fig. 6. Effects of in—situ stress on the corrosion behavior of Zircaloy—4 in steam
at 400C.
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Fig. 7. Strain vs. exposure time curve during corrosion under applied stress
in steam at 400C for 210 days.
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Fig. 8. Volume fraction of tetra/mono ZrO: of oxide formed in Zircaloy-4 under

applied stress (weight gain: about 20 mg/dmz).
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