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Research on Long-term General Corrosion Property of Zircaloy-4 Alloy Cladding
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Abstract: The general corrosion behavior of zircaloy-4 alloy in simulated pressurized water reactor (PWR) primary
loop was studied using still autoclave, the corrosion test lasted for 8 000 hours. The thickness of oxide film was
measured and calculated, the mass gain and general corrosion rate were quantitatively evaluated. The results show that
the corrosion curves of inside and outside pipes of zircaloy4 alloy are cubic law at the initial stage, and they are linear
after 2 500 h. As for inside pipe, the fitting curve is y =2.473 47x'” from 0 h to 2 500 h; when the time is over
2 500 h, the fitting curve is y =9. 033 43 +0. 013 22x. As for outside pipe, the fitting curve is y =2. 473 47x'” from
0 h to 2 500 h; when the time is over 2 500 h, the fitting curve is y =9. 498 49 +0. 013 11x. The thickness of inside
pipe oxide film is 32. 4 pm after 4. 5 years, equivalent to 20. 8 wm of metal substrate, which is much less than ten
percent of inside pipe wall thickness. The thickness of outside pipe oxide film is 31.5 pm after 4. 5 years, equivalent
to 20. 2 pm, which is much less than ten percent outside pipe wall thickness. After 4.5 years corrosion test simulated
pressurized water reactor primary loop considering the influence of flow velocity and irradiation, the corrosion depth of
inside and outside pipe is much less than ten percent of the wall thickness of zircaloy<4 alloy cladding.

Key words: zircaloy4 alloy cladding; annular fuel element; pressurized water reactor primary loop; thickness of oxide
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Fig. 1 Cross section diagrams of annular fuel element(a) and

solid rod fuel element(b)
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Table 1

Chemical composition of zircaloy-4 alloy cladding tube

Cd Co Cu Pb Mn Mo Ni

Nb Ta Ti AY Al U Cl

<0.000 04 <0.001 <0.002 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.002 <0.002 <0.002 <0.0001 <0.002

B Hf W Si Mg C N

(0} H Sn Fe Cr Fe + Cr + Ni Zr

<0.000 05 <0.01 <0.003 <0.002 <0.001 0.0068 0.0027 0.1162 0.0021 1.60  0.21 0.09 0.30 Bal.
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Fig.2 Mass gain-time curve of inside pipe in simulated

pressurized water reactor primary loop environment
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Fig. 3 Thickness gain of oxide film-time curve of inside pipe
in simulated pressurized water reactor primary loop

environment
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Fig. 4 Mass gain rate-time curve of inside pipe in simulated

pressurized water reactor primary loop environment
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Fig. 5 Mass gain-time curve of outside pipe in simulated

pressurized water reactor primary loop environment
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Fig. 6 Thickness gain of oxide film-time curve of outside pipe
in simulated pressurized water reactor primary loop

environment
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Fig. 7 Mass gain rate-time curve of outside pipe in simulated

pressurized water reactor primary loop environment
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Fig. 8 Cross-section morphologies of inside zirconium-4 alloy pipe after general corrosion for different time:

(a)100 h; (b)3 000 h; (c¢)5986 h
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Fig. 9  Cross-section morphologies of outside zirconium-4 alloy pipe after general corrosion for different time :
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Table 2 Oxide film thickness of inside and outside pipes of zircaloy4 alloy determined by optical microscopy measure

and mass gain calculation

Oxide film thickness

Oxide time/h

200 300 498

1000 1500 2000 3000 4000 5000 50986

Measured thickness of outer pipe/pum 1.2 1.3 1.6
Measured thickness of inner pipe/pum 1.0 1.2 1.5
Calculated thickness of outer pipe/pum — 0.857 1.03
Calculated thickness of inner pipe/pum — 0.705

0. 852

2.0 2.9 3.2 4.0 5.2 6.0 7.0
1.9 3.0 3.2 4.0 5.1 6.0 7.0
1.35 1.52 2.23 3.13 4.18 5.04 6.21
1.32 1.39 2.19 2.98 4.32 4.92 6.10

| -= Measured value of out pipe

7 L -& Measured value of inner pipe »
| =+ Calculated value of outer pipe

6 | -* Calculated value of inner pipe - 4
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Fig. 10 Variation curves of oxide film thickness of inner

and outer pipes with oxidation time
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