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Fundamental study on improvements of corrosion protection and boiling heat transfer
characteristics by Radiation induced surface activation
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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, 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 mainly aimed at evaluations of the RISA effect on surface wettability and electrochemical characteristics on
metals at high temperatures and pressures.

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 under high-temperature and
high-pressure conditions. 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.

A preliminary test for electrochemical measurement of specimen before and after gamma-ray irradiation was also
carried out using an autoclave filled with a pure water at a temperature of 300 °C. A corrosion potential of SUS304 was
immediately increased about 30 mV at initiation of gamma-ray irradiation and gradually increased with integrated
irradiation dose. A current density on polarization curve tended to increase gradually due to cyclic irradiation. These
results may be attributed to change in chemical characteristics of water due to radiolytic effect.
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Figure 1. Apparatus for wettability measurement.
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Figure 2. Contact angles before and after y-ray irradiation
(SUS304).
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Figure 3. Ratio of contact angle change due to RISA.
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Figure 4. Effect of oxidization of specimen on contact
angles (20°C).
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Figure 5. Effect of oxidization of specimen on contact
angles (290°C).

Figure 6. Oxidized
surface on SUS304.

Figure 7. Oxidized
surface on PNC1520.
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Figure 10. Effect of y-ray irradiation on corrosion
potential of SUS304 at 300 °C.

Figure 9. Autoclave installed near y-ray source. 102
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