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OVERVIEW OF IRRADIATION EFFECTS RESEARCH

ON INSULATING CERAMICS

Frank W, Clinard, Jr.

Los Alamos National Laboratory

Los Alamos, NM 87545, USA

SUflflARY

Insulating ceramics h~ve many uses in fusion reactors. Although various

environment~l conditions can degrade these mat~rials, the most severe prob’

lie in the wea of irradiation damage. Such damage can be detrimental

dimensional stability, strength, therm~l conductivity, and various electr

properties; failure of an insulator can result from deleterious changes in

ems

to

cal

any

of these areas, Degradation of electrical properties falls into two categories:

permanent effects, and transient effects that occur only when irradiation fluxes

dre dctually impinging on the material, Consequences of irradi~tion damage can

be severe not only for power reactors but for ne~rer-term machines such as ITER.

INTRODUCTION

Fuzion reactors will require electric~l cerdmics tu serve ds Insulators in

RF h(?dting systems ~nd neutrdl be~m injectors, diagnostic components,

lightly-sn!elded magnetfc coil:., iind current brea(s between metallic structur~l

elements. Uhen these insulators dre subjected to rddidtion fields (neutron,

qdmrnd, or ion bombardment) vdri~l~s physicdl propertie~ cdn be Uegr,]ded; these

dre discussed in the next sectio(~.
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PHYSICAL PROPERTY DEGRADATION AND RESULTANT EFFECTS

GN CERAMIC INSULATORS FOR FUSION REACTOR APPLICATIONS

w

When atoms are displaced in a ceramic, options for materials response

include recombination of vacancies and interstitial, aggregation of defects, or

retention of the nascent atomic-level defects. The latter two processes can

result in significant swelling. Retention of vacancies and interstitial may

play an important role in ceramics, apparently because space charges andlor

directional bonding can present a barrier to the dominant process of

recombination.

Swelling may or may not present a difficulty for fusion ceramics, depending

on the application. Free-standing materials can often tolerate dimensional

changes without a problelil,but most insulating ceramics are either structurally

confined or are bonded to other materials. In either case, swelling can le?d to

structural failure. 4nother source of swelling-induced strength lCSS is

dnisotrcpic dimensional changes. In this case a polycrystal line ceramic can

suffer severe cracking as a result of random directional swelling among the

grain!, of the solid.

One

(A”I*03J

chdnyes

of the most swelling-resistant ceramics is spinel (MgA1204). Alumina

n~s severe problems, as thic materidl both undergoes large dimensional

dnd is non-cubic (thus prone to strength losses from dnisotropic

swelling).

It should be pointed out that the ddta bdse for swelling tmd Jther

irrtjdi~tion effects in cermics !s primdrily from fission reactor tests

(En=l MeV), wh~re~s dmaye in d fusion redctor will result frum d softened

14 FleV neutron spectrum, l)ifterences in ddlndye response mdy result from

difteriny details of disp~~cement events ur from the much yre~ter yenerdtlon ‘If
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transmutation products that accompanies 14 MeV neutron damage. The latter

effect could have a major influence on defect, aggregation, and requires

extensive study.

~

Displacive damage has an intrinsic strengthening effect on cerdmics. For

example, bend strength of spinel can be doubled by elevated-temperature neutron

d~mage, while fracture toughness of single-crystal A1203 can double as a result

of the same irradiation exposure. In both cases the apparent cause is

interference with crack propagation by the defect microstructure.

Urlfortunately, many other circumstances can lead to loss of I’IWChd~iCal

integrity. Among these a;e anisotropic s~elling in polycrystalline ceramics

(described above), differential swelling in multiphase materials, and

preferential damage to grain boundary phases.

Two extremes of behavior are the severe degradation of strength In alumin~

and beryllia at doses between 1020 and 1022 n/cm2, and the increase of strength

observed for spinel even above 1022 n/cm2. Results are strongly dependent Gn

irr~diation temperature, and so that variable must always be taken Into dccount.

It is important to note that these doses are equal to or less than those

expected at the first wall of ITER, indicating that damage-resistant ceramics

will be required even for that machine.

Thermal Conductivity

lh~rlndl conduct~nce in Insulating ceramics takes place by

(phonon effects), Phonons are scattered by lattice defects,

being the most effective dt or dbove room temperature.

cermics oft~jc contdin large concentrations of point defects

ldttiC(2 ‘Jibrdtf(JnS

with point defucts

Since lrrddidted

(1 VOI’% or inure),
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degr~ciation of this property can be severe. It is not unusual to observe a

halving of thermal COtIdLiCtiVity after neutron irradiation to 1022 n/cm2,

Fractional degradation is less for ceramics operating at elevated temperatures,

since intrinsic phonon scattering becomes dominant under those conditions.

The least-easily dtgraded ceramic is single-crystal spinel, which retains

almost all of its starting thermal conductivity after eievated-temperature

neutron irradiation. This is evidence that most of the point defects in this

material recombine harmlessly under those conditions.

Electrical Properties

As a rule, DC electrical properties of insulating cer~mics are not

significantly degraded after large damage doses unless structural failure

Occl’--s. This general observation applies to both electrical conductivity and

dielectric strength. Problems with electrical behavior lie primarily with

tr~nsient degradation during irradiation, as absorption of ionizing energy

excites Chdrfje carriers into conducting states.

This problem ared has not been thoroughly studied, and so it is not possible

+.o siiy which materials are most resistant to radiation-induced conductivity

(RIC), However, it has been shown that the presence of chemical or structural

defects reduces ilIC, apparently as a result of enhanced charge c~rrier

sc~tterinq, trapping, andlor recombination.

Rddidtion-induced conductivity is flux rdther than dose-dependent, dnd so

presents the greatest problems for insulators in high-flux dreds near the first

=L05 rdd(s can reduce resistivity byWdll. it is known th~t in AIZI.13a flux of

sever~l orders of maynitude; this flux Is dctually lower than th~t expected at

the first w~ll ot lIER, Re~ctnr desiyners must decide whether l~rgt!reductions

of resistivity dre sufficient to present problems in ~ highly-resistive cerdmic.



-5-

High-frequency dielectric properties of insulating ceramics, which are

relevant to RF applications, (an be degraded by prior displacement damage. For

e~ainple alumina and beryllia irradiated to 1022 n/cm2 at 385-C suffer a doubling

cf loss tangent, that being sufficient to catastrophically reduce the lifetime

of an ECRt! window. There is insufficient data available to say whether

flux-dependent ionization effects are significant at the frequencies relevant to

RF heating systems.

SUGGESTIONS FOR FURTHER READING

Most of the scientific issues discussed here are addressed, ana appropriate

references given, in the chapter “Radiation Effects in Non-Metals” by F. W.

Clinard, Jr. and L. Id. Hobbs from the book Physics of Radiation Effects in

Crystals edited by R. A. Johrlson and A. N. Orlcv, Elsevier Science Publishers

(1986;.


