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A Study of the Accelerated Zircaloy-4 Oxidation Reaction
with H,0O/ H, Mixture Gas
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Abstract

A study of the Zircaloy-4 reaction with H,O/ H, mixture gas is carried out by using TGA (Thermo-
Gravimetric Apparatus) to estimate the hydrogen embrittlement which can possibly cause catastrophic
nuclear fuel rod failure. Reaction rates are measured as a function of H,/ H,O. In the experiments
reaction temperature is set at 500°C and total pressure of the mixture gas is maintained at 1 atm.
Experimental results reveal that hydriding and oxidation reaction are competing. In early stage,
hydriding kinetics is faster than oxidation, however, oxidant in H,O forms oxide on the surface as
steam environment is maintained, thus, this growing oxide begins to protect the zirconium base metal
against hydrogen permeation. In this second stage, the total kinetic rate follows enhanced oxidation
kinetics. In the final stage, it is observed that the oxide is broken down and massive hydriding takes
place through the mechanical defects in the oxide, whose kinetics is similar to pure hydriding Kinetics.
These results are confirmed by SEM and EDX anlysis along with hydrogen concentration
measurements.
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3E 1L FaFT7] EF VA A2 Rel2 Al Fast vheI dAIG
Temp.(K) Measured Py,/Py0 Critical P,,/Py,0[8] Observation
573 10%to 10* 4.2x10° Accelerated hydriding
573 10° to 10° 4.2x10? Massive hydriding
673 10% to 10° 4.2x10? Accelerated hydriding
673 10 4.2x10° Massive hydriding
616 10 4.2x10° No massive hydriding
F2 FFTT] EF VA A=gze]2 AHe FAas eI AAH®
Puo, (Torr) Measured Pp,/Pp,0 Critical P,/Py0[8] Observation
68 66.7 88 Normal corrosion
8.8x10* 2x10° 9.9x10° Accelerated hydriding
8.8x10" 1x10* 9.9x10° Massive hydriding
8.8x10" >1x10* 9.9x10° Massive hydriding




F3. AA-aA HYLEE o] &Y FA/FTT] EF 7IAS |
System Temp(°C) PY\éztsirr;?IE:)?rr) Pro/Przo
CCl,/Dry Ice -23 0.6 1.3x10°
Ethylene glycole/Dry Ice -15 1.25 6<10?
Water/Ice 0 5 1.5x10°
Water 25 24 3.2x10*

X4 FRFF7] HEe] 10° 2% 500°C shellAl WHEAIZL AJHS A%
Specimen Total Oxide Hydrogen Wt. Gain due to Wt. Gain due
No. Wt. Gain thickness content only hydriding. to only oxid.
1 3.2mg 1.7um(1pum) 2593ppm 2.85mg 1.46mg
2 5.7mg 3.3um(2.4pum) 3127ppm 3.44mg 2.84mg
3 27 mg 7um(3.5um) 21455ppm 23.57mg 6mg
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