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Introduction

Zircaloy-4 (Zy-4) cladding, the first containment of UO 2 fuel in Pressurized Water Reactors, could be exposed to air and steam in case of spent fuel pool accidents. → Accelerated corrosion then degradation and release of fission products. → Kinetic analysis to understand the corrosion mechanism of pre-oxidized Zircaloy-4 (to simulate the oxide scale formed during normal operation in reactor) at 850°C in nitrogen, oxygen and steam mixture. 

Modeling

Kinetic heterogeneous theory (3) :

• The corrosion proceeds in a steady-state • There is a rate-determining step → The kinetic rate can be written as:

→ Variations of Φ with partial pressures determined thanks to jumps method Initial conditions 8% O 2 -32% N 2 -5% H 2 O, 850°C

Perspectives•

  Work performed in the frame of the DENOPI project, funded by the French government as part of the Investment for the Future" Program reference ANR-11-RSNR-0006 Study on high temperature oxidation of Zircaloy-4 in air and steam Spent fuel storage pool at La Hague, France Experimental Symmetrical balance SETARAM TAG-24 Pre-oxidized Zircaloy-4 plates (1) Pre-oxidation: • 250 days O 2 + H 2 O (15% vol.) at 425°C • Thickness ≈ 30µm • [H] ≈ 280 ppm Experimental conditions: • O 2 -H 2 O -N 2 -He flowing (6 L.h -1 ) • Heat-up ramp to 850°C: 10°C.min -1 • Total pressure: 1 atm Results Progressive detachment of the pre-oxide (initiates on the edges of the sample) Thermogravimetric test at 850°C, kinetic rate → Progressive loss of protectiveness of the pre-oxide → Increase of the kinetic rate when nitrogen is present (2) 3 reactions: 𝑍𝑟𝑁 + 𝑂 2 ⇌ 𝑍𝑟𝑂 2 + 𝑁 𝑖 R.1 PBR ZrO 2 /ZrN =1,47 𝑍𝑟𝑁 + 2 𝐻 2 𝑂 ⇌ 𝑍𝑟𝑂 2 + 2 𝐻 2 +𝑁 𝑖 𝑍𝑟𝑂 𝑥 + 𝑁 𝑖 ⇌ 𝑍𝑟𝑁 + 𝑥𝑂 𝑖 R.2 PBR ZrN/Zr =1,03 2 -x O i + 𝑍𝑟𝑂 𝑥 ⇌ 𝑍𝑟𝑂 2 R.3 PBR ZrO 2 /Zr =1,× 𝜱 𝑻, 𝑷 × 𝑺 𝒎 𝒕 • Variations of Φ with P(O 2 ), P(N 2 ) and P(H 2 O) have been obtained by scanning a range of given pressures • These results enable us to propose that the rate determining step is an interfacial reaction of the oxidation of ZrN precipitates by oxygen and steam } Determination of Φ at different temperatures • Determination of respective contribution of oxygen/steam thanks to experiments with O 18 /H 2 O 16 • Determination of S m as a function of sample geometry, pre-oxide thickness, P(N 2 ), time and creep Validated thanks to experimental tests Φ: areic growth reactivity [mol.m -2 .s -1 ] S m : extent of the reaction zone [m 2 . mol -1 ] B 0 : proportionality coefficient [g.m -2 ]