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Introduction ïOxidation of Zr alloys
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ÅDiffusivity/solubility of gases
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Introduction ïOxidation of Zr alloys

ÅOxidation kinetics
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Temperature dependence

n = 1/3 (cubic) typical for low-temperature oxidation < 900 °C

n = 1/2 (parabolic) typical for high-temperature oxidation >1000 °C

n =  1 (linear) typical for breakaway oxidation at T< 1100 °C

(after initial cubic or parabolic period)
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Introduction ïZircaloy-4 and E110

Zircaloy-4:

ÅUsed in western PWRs

ÅZr production via chlorine 

chemistry and Kroll process

Sponge Zr

Impurities: Al, Mg, Ca

E110:

ÅUsed in Russian VVER and 

RBMK reactors

ÅZr production via fluorine 

chemistry and electrolysis

Impurity: F

Composition (wt-%):

 Nb Sn Fe Cr O 

Zry-4 - 1.5 0.2 0.1 0.14 

E110 1 - 0.008 0.002 0.05 

 
Zr: balance
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Recent experiments

Separate-effects tests

ÅIsothermal tests (TG, furnace) in

- oxygen E

- steam E

- air

ÅTransient tests (TG, furnace) in

- oxygen

- steam E

ÅSingle rod quench tests with E

- fresh samples

- irradiated samples

Bundle tests

ÅQUENCH-12 (vs. QUENCH-06) E

31 rods

ÅPARAMETER-SF

19 rods

ÅCODEX / CODEX-CT E

7 rods

ÅPAKS cleaning tank incident E

30 assemblies 

this presentation E
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Post-test

appear-

ance

Isothermal tests in oxygen
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TG Microscopy


