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ELECTRICAL INTEGRITY OF OXIDES IN A RADIATION FIELD - S.J. Zinkle (Oak Ridge National
Laboratory) and C. Kinoshita (Kyushu Univ.)

Based on an invited paper entitled, “Potential and Limitations of Ceramics in Terms of Structural and
Electrical Integrity in Fusion Environments,” by C. Kinoshita and S.J . Zinkle, presented at the 7th
International Conference on Fusion Reactor Materials, Obninsk, Russia, to be published in J. Nucl. Mater.

Extended Abstract

In the absence of an applied electric field, irradiation generally produces a decrease in the permanent (“beam-
off”") electrical conductivity of ceramic insulators. However, in the past 6 years several research groups have
reported a phenomenon known as radiation induced electrical degradation (RIED), which produces significant
permanent increases in the electrical conductivity of ceramic insulators irradiated with an applied electric
field. RIED has been reported to occur at temperatures between 420 and 800 K with applied electric fields
as low as 20 V/mm. The RIED phenomenon has become somewhat controversial in the past 3 years, and
several research groups have failed to observe evidence for RIED in some grades of alumina. Figure 1
summarizes the existing data base on RIED measurements in single crystal alumina irradiated at
temperatures of 670-820 K, which is near the expected peak degradation temperature for RIED. Definitive
levels of bulk RIED at low doses (<10 dpa) have been reported by two different research groups that
examined electron-irradiated sapphire. On the other hand, several recent studies on electron- or proton-
irradiated sapphire have failed to observe RIED. Three neutron irradiation RIED studies on sapphire have
been performed to date, and definitive levels of RIED have not been observed in any of these studies.

As summarized in Fig. 2, the available RIED results on polycrystalline alumina show an even wider range
of behavior than the single crystal results. Three different research groups have found that significant levels
of RIED are produced in Vitox alumina. Significant amounts of RIED have also been reported for anodized
aluminum and in amorphous alumina. On the other hand, RIED was not observed by 5 different research
groups in an international round-robin experiment performed on Wesgo AL995. RIED was also not
observed in Deranox and Hoechst Rubalit 710 grades of alumina. There was some indication of slight
RIED in a Kyocera A479ss grade of alumina irradiated with fission neutrons, although surface leakage
currents or gas ionization effects may have been responsible.

It is not clear why different grades of alumina exhibit a different sensitivity to RIED. There is some
evidence that RIED may be due to heterogeneous processes occurring in the bulk. Proposed mechanisms
include formation of dislocation arrays, radiation enhanced diffusion of electrode metal along grain
boundaries, radiation-induced microcracking (in conjunction with radiation enhanced diffusion of electrode
metal), and formation of gamma-alumina precipitates. There is evidence that significant charge storage can
occur in alumina (which might lead to localized dielectric breakdown and microcracking), in spite of the
radiation induced conductivity (RIC) which would help to mitigate charge buildup during irradiation. The
localized electric fields produced in ceramic insulators during irradiation would be sensitive to numerous
experimental variables such as chemical impurities, dose rate, and the relative amounts of ionizing vs.
displacive radiation (i.e., the competition between RIC and charge trapping). This dependence on
experimental details might explain the diverse RIED behavior reported by different researchers (cf. Figs. 1,
2).

Considering the puzzling, diverse behavior of RIED observed in different experiments, further study of the
RIED phenomenon is recommended. In particular, further work on sapphire is recommended to define the
irradiation conditions which lead to RIED. Radiation induced polygonization and radiation enhanced
diffusion of metallic electrode material along grain boundaries or microcracks are plausible mechanisms for
RIED in ceramic insulators. Wesgo, Rubalit and Deranox appear to be promising grades of polycrystalline
alumina in terms of proven resistance to RIED.
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Fig. 1. Summary of RIED measurements on single crystal alumina specimens irradiated at temperatures
between 670 and 820 K (please see manuscript for list of references). All of the electrical conductivity
measurements were performed at the irradiation temperature with the radiation source turned off.
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Fig. 2. Summary of RIED measurements on polycrystalline grades of alumina irradiated at temperatures
between 670 and 810 K (please see manuscript for list of references). The electrical conductivity was
measured at the irradiation temperature with the radiation source turned off, except for the fission reactor
irradiations of Wesgo and Kyocera alumina.



