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Abstract

A supercritical water-cooled reactor (SCWR) is one of the 4th generation nuclear reactors, which is based on the light
water reactor technology and the thermal power generation technology. The system is simple, compact and high thermal
efficiency. Therefore, it is considered to have high safety and economic performance. On the other hand, the radiation
induced surface activation (RISA) phenomenon enhances metal surface wettability, boiling heat transfer and anticorrosive
effects by the electrical interaction between the base material and the surface of oxidized film. It implies that RISA
phenomenon can contribute the much higher performance of SCWR and improve the safety features. This study is aimed
at evaluating the possibility of RISA effects enhancing surface wettability and electrochemical characteristics of various
metals with oxide film under high-temperature and pressure conditions. Two kinds of experiments were performed. In the
first experiment, the contact angles of a liquid droplet on the metal before and after 60-Co gamma-ray irradiation were
compared under the temperatures up to 290 °C at a pressure of 12 MPa. Two specimens of the PNC1520 which is
considered as a potential material of fuel-cladding tube of SCWR and SUS304 were used to measure the effect of gamma-
ray irradiation on surface wettability. Consequently, the RISA effect decreased when the specimen temperature over 250
°C. Due to RISA enhancement, the surface wettability on the oxidized specimen was significantly improved rather than
that on the non-oxidized specimen. The second experiment was conducted to evaluate the effect of gamma-ray irradiation
on the corrosion potential of SUS304 specimens under the temperatures ranging from 250 °C to 350 °C and pressures
ranging from 4 MPa to 16.5 MPa. It was confirmed that the corrosion potentials of the specimen with an oxide film which
was formed during gamma-ray irradiation in high-temperature and pressure conditions had a characteristic of
representative n-type semiconductor and was drastically decreased just after starting gamma-ray irradiation. This result
reveals first the possibility of corrosion mitigation of the stainless steel due to RISA even under subcritical water conditions,
which has never been confirmed in the previous study.
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Figure 1. Apparatus for wettability measurement.
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Figure 3. Temperature dependence of droplet
contact angles on various specimens.
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Figure 4. Effects of specimen types on surface
wettabilities before and after gamma-ray
irradiation.
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Figure 5. Apparatus for electrochemical measurements.
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Figure 6. SUS304.
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Figure 10. Effect of gamma- ray irradiation on
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MPa).
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Figure 11. Effect of gamma- ray irradiation on
corrosion potential (SUS304 with SCW
oxide film, 300°C, 8.6 MPa).
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Figure 12. Potential shift of gamma- ray irradiation.
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Figure 13. Effect of y- ray irradiation on corrosion
potential (SUS304with oxide film, 300°C,
8.6 MPa).
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Figure 14. Effect of y- ray irradiation on corrosion
potential (SUS304with oxide film, 350°C,
16.5 MPa).
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