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Zirconium (Zr) alloys are used as fuel cladding because of their low cross-
sectional area for thermal neutrons, high mechanical strength (hardness) at
high temperatures, ductility and corrosion resistance. However, serious
problems related to Zr-based materials have been reported in the Fukushima
nuclear accident. If the temperature of the coating material rises above
1000 ° C due to loss of coolant accident (LOCA), Zr becomes an automatic
oxidation catalyst and generates a large amount of hydrogen gas from water.
Therefore, much research has been conducted to prevent (or reduce) the
generation of hydrogen from the Zr-based covering material in the reactor.
Our team has developed anodizing technology that can form nanostructured
oxides on a variety of flat metal elements such as Al, Ti and Zr alloys.
Anodizing is a simple electrochemical technique requiring only a power
supply and electrolyte. In this study, Zr-based alloys with nanostructured
oxide layers were oxidized using thermogravimetric analysis (TGA) and
compared with the original ones. This shows that the nanostructured oxide
layer can prevent oxidation of the substrate metal in the vapor.
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Conclusion
Uniform oxide layer with nanoporous structures have been fabricated on the
surface of Zr-Nb-Sn alloy. Oxidation behavior of the pristine Zr-Nb-Sn alloy
and the Zr-Nb-Sn alloy with nanostructured oxide layer evaluated by
measuring weight gain (TGA). In comparison with the pristine Zr-Nb-Sn alloy,
weight gain of the Zr-Nb-Sn alloy with nanostructured oxide layer is lower
than 20% even for 72 hours oxidation in steam.

Scheme 1. Anodization system, 

Zr-Nb-Sn alloy with nanostructured oxide layer and TG Analyzer
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Figure 1. Pristine and Anodized Zr-Nb-Sn alloy before and after oxidation experiment

0 2 4 6 8 10 12
0

200

400

600

800

1000

 Temperature Profile

 

Te
m

pe
ra

tu
re

 (°
C)

Time (min)

100

110

120

130

140

 Anodized-1
 Anodized-2
 Anodized-3
 Anodized-4

 W
ei

gh
t G

ai
n 

(%
)

Bare Zircaloy

Bare Zr-Nb-Sn alloy

Anodized Zr-Nb-Sn alloy

30 µm

Figure 2. TGA results of pristine and anodized Zr-Nb-Sn alloy and FESEM image of 

the sample after oxidation experiment  in air environment
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Figure 3. TGA results of pristine and anodized Zr-Nb-Sn alloy and FESEM image of 

the sample after oxidation experiment  in steam environment

Figure 4. XRD patterns of a) pristine and b) anodized Zr-Nb-Sn alloy after 

oxidation experiment in air
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= 𝑘𝑘𝑚𝑚(𝑇𝑇)𝑡𝑡𝑛𝑛

𝑙𝑙𝑙𝑙𝑙𝑙
∆𝑚𝑚
𝑆𝑆

= log 𝑘𝑘𝑚𝑚 𝑇𝑇 + 𝑛𝑛𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡

𝑛𝑛 ≥ 1: Non-protective
𝑛𝑛 < 1: Protective

∆𝑚𝑚 : Weight gain
𝑆𝑆 : Surface area
𝑘𝑘𝑚𝑚: Oxidation rate constant

𝑇𝑇 : Reaction temperature
𝑡𝑡 : Reaction time
𝑛𝑛 : Oxidation rate exponent

Figure 5. Log-scale TGA results of pristine and anodized Zr-Nb-Sn alloy
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