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General events that occur in a metal and in an aqueous coolant 

under an irradiation environment

Common/simplified localized corrosion events that occur in 

metal under aqueous coolant under no-radiation scenario.

JJ Lim et al., IAEA Tech Meeting 2023 Vienna
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effects that can be isolated in single effect experiments. The combined effects experiment will 

consist of irradiation of the sample in high temperature/high pressure water (simulated 
BWR/PWR environments) with light ions such that radiolysis, surface excitation and 

displacement damage are all occurring simultaneously (experiment a in Fig. 1). The effects of 

excitons and radiolysis will be assessed in experiment b and the effect of radiolysis alone will be 

assessed in experiment c.  Inter-comparison of results will allow us to determine the role of 
each process separately.  We will measure corrosion rates using both in-situ and ex-situ 

techniques, and examine the structure and morphology of the film in each irradiation.  We 

expect that this will provide insight into the dominant controlling processes and oxidation 
mechanisms.     

Experiment:  a        b     c 

Figure 1. The combined effect of displacement damage, exciton production and radiolysis on 

corrosion a; the effect of exciton production and radiolysis b; and the effect of water radiolysis 

alone on corrosion c. 

Building on recent experiments (and experience) at ORNL [19], we will conduct the combined 

effects experiment in a specially designed mini-autoclave cell attached to a pressurized water 

loop.  Water chemistry (pH, conductivity, dissolved oxygen) will be measured and controlled. 
The cell will be connected to a dedicated beamline (at institution A), designed for conducting in-

situ irradiation and corrosion experiments with real-time interrogation of the surface film during 

its evolution. The thickness of the sample disc is selected so as to allow the 3.4 MeV proton 

beam to pass completely through the sample such that the protons stop in the water.  This disc 
will serve as both the corrosion sample and the pressure barrier between the test cell and the 

vacuum system. Our preliminary calculation has shown that the experiment is feasible with 

careful design of the size and shape of the thinned area of the disc.  

The role of radiolysis and excitons on corrosion will be quantified by conducting a second 

experiment in which the sample is irradiated by beta or gamma radiation instead of by protons, 

to eliminate displacement damage of the solid (experiment b in Fig. 1). Comparison to the 
combined effects experiment will enable us to isolate the displacement effect. This experiment 

will be conducted using the 3 MeV electron accelerator (at institution B) and with the same in-

situ and ex-situ diagnostics as in experiment a. Given the 200 µA beam current available, it 

should be possible to generate the same radiation dose to the water, and approximately the 
same radiolysis product concentrations at the metal surface using either Bremsstrahlung x-rays 

or directly with the high energy beta radiation, as that produced with protons at institution A.  

The role of radiolysis alone will be evaluated in a third experiment (experiment c in Fig. 1) that 
consists of gamma irradiation of the water near the sample surface without directly irradiating 

the sample, yielding H2, O2 and H2O2 at similar concentrations to reproduce the effect of 

Irradiation-Accelerated Corrosion of Reactor Core Materials, NEUP Project # 10-677
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Zr

2MeV5.4MeV

Water pressure and temperature: 2000 psi @ 320℃

Current density: up to 10 µA/cm2

Fluence:  ~ 6x1013 ions/cm2-s

Dose rate: ~ 1500 kGy/s (typical LWR ~ 5-10kGy/s)

Metallic Samples
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3.4 MeV proton through 50 µm Zircaloy-4 over 24 h 

in 320C pure water with 3wt ppm H2, 4E-7 dpa/s

Wang & Was, J. Mater. Res., Vol. 29, 2015 
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Non-irradiated 360C autoclave 

grown film 

Proton in-situ irradiation-corrosion 

in Hydrogenated water
(320C, pre-irradiated 5 dpa 
Zircaloy-4)

KAMMENZIND ET AL., DOI 10.1520/STP159720160085

Oxide film grown in irradiation 

environment (300C, 90x1020

neutron/cm2, ~15 dpa)
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Optical SEM (BSC)
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Synergistic Proton Irradiation-Corrosion Test of YAG/YbS1 in Hydrogenated Water Chemistry – SiC Composite 

Claddings: LWR Performance Optimization for Nominal and Accident Conditions, European Commission 
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MIBL(https://mibl.engin.umich.edu)


