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15. ^/FAST-NEUTRON IRRADIATION EFFECTS ON ELECTRICAL INSULATORS 

G. W. KeilholtzS G. M. Watson^ R- E. Moore\ H. E. Robertson^ 
and D. A. Dyslin' 

The ORNL program to evaluate electrical insulators (primarily 

AI2O3) under Irradiation has been completed with the exception' of the 

0-2 capsule in X090 subassembly now under test in position 7D5 in the 

EBR-II. In accordance with previous discussions between ORNL, LASL, and 

USAEC-SNS, the LASL group will assume responsibility for the completion 

of this work. 

The following final topical report will be published June 1971 — 

"Effect of Fast Neutrons on Polycrystalline Alumina and Other Electrical 

Insulators at Temperatures from 60 to 1230°C," by G. W. Kellholtz, 

R. E. Moore, and H. E. Robertson. 

The effects of fast neutrons on four commercial polycrystalline 

alumina products of high density were investigated. These materials 

have been considered for use as electrical insulators in nuclear-

powered thermionic converters. Fast-neutron fluences up to 

5.8 X 10*^ neutrons/cm' (> 1 MeV) were achieved; irradiation tempera

tures ranged from 60 to 1230°C. 

At temperatures below 100°C, there was very little damage, as is 

usually manifested by gross fracturing, volume increase, and separation 

at grain boundaries. Damage was much worse, however, at temperatures 

from 570 to 1070°C, which is the range of greatest interest for thermionic 

applications. At about 1100°C and above, in-reactor thermal annealing 

was rapid enough to reduce damage significantly, but at much higher 

temperatures ('̂  1230°C), damage again increased. 

Based on the irradiation results, the following conclusions and 

recommendations were made for the use of polycrystalline alumina in 

thermionic converters. 

1. The alumina should be of high purity to minimize gross frac

turing, and it should be of small grain size to minimize the effects due 

to separation at grain boundaries. 

2. The thermionic device should be designed for continuous operation 

because thermal cycling apparently promotes separation at grain boundaries. 
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3. The design should allow for an increase in volume of the 

alumina insulators of about 3%. 

4. Alumina of high purity and small grain size can withstand 

fast neutron fluences up to about 3 x 10^^ neutrons/cm'* in an ETR-type 

neutron spectrum and up to about 2 x 10^^ neutrons/cm^ in an EBR-II-

type spectrum for those neutrons with energies greater than 1 MeV. 

Four other electrical insulators were investigated in a preliminary 

manner as possible alternatives to polycrystalline alumina for thermionic 

applications. These are (1) single-crystal A1203, (2) single-crystal MgO 

of high purity, (3) transparent polycrystalline Y2O3, and (4) silicon 

oxynitride (SiaONa). The preliminary results were very encouraging. 

>fore comprehensive investigations of these materials appear to be warranted. 
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