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Abstract: It is significant to obtain fun
damental information regarding the radiation 
damage in some lithium ceramics, e.g. L12O, 
Li4Si04 etc., because they are expected to be 
candidate breeder materials exposed to severe 
irradiation environment. To measure the ionic 
conductivity of lithium ceramics under the ir
radiation environments is effective in under
standing the irradiation effect on transport 
phenomena such as lithium-ion and tritium diffu
sion. The measurement, however, should be con
ducted without taking out lithium ceramics from 
the irradiation chamber, as their specimens 
have a strong affinity for the moisture. Thus, 
an in-situ experiment technique for the ionic 
conductivity measurement, which allows the 
specimen temperature control and the beam cur
rent monitoring, have been developed. By means 
of the technique, the ionic conductivity can be 
measured for the ceramic breeders under irradia
tion as well as before and after irradiation un
der a variety of experimental conditions using a 
tandem accelerator at JAERI. In order to 
demonstrate the usefulness of the in-situ con
ductivity measurement, some measuring results 
are presented for typical ceramic breeders. 
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1. INTRODUCTION 

Some lithium ceramics, e.g. LizO, Li<SiO« 
etc., are expected to be candidate breeder 
materials for D-T fusion reactors. These 
materials are damaged by energetic neutrons, 
tritons and He ions under fusion blanket ir
radiation environment. The defects caused in 
these materials are considered to be the origin 
of inhibition of ionic conductivity for these 
materials. In other words, the ionic conduc
tivities of lithium ceramics are controlled by 
lattice defects including irradiation defects 

and reflect lithium-ion migration[i,2]. In addi
tion, the mechanism of tritium diffusion in the 
lithium ceramics was considered to be closely 
related to that of lithium-ion diffusion in the 
study by Ohno et al.[3]. Judging from their 
result, the ionic conductivity of lithium 
ceramics would be associated with tritium migra
tion interrelated with lithium-ion migration. 
Therefore, the measurement of ionic conductivity 
during ionic irradiation is effective in under
standing the irradiation effect on transport 
phenomena such as lithium-ion and tritium diffu
sion. 

The accurate measurements of ionic conduc
tivity of lithium ceramics should be performed 
without taking out them from the irradiation 
chamber, that is, with in-situ measurement 
meti.id since the affinity of these materials 
for moisture is strong enough to affect the 
ionic conductivity[1,2]. The in-situ measurement 
will also make it possible under various condi
tions of experiments to measure ionic conduc
tivity without the specimens environmental 
change that will be generated by taking them 
away from the irradiation chamber after inter
rupting the irradiation. Thus, this method ought 
to enable the comparison of the ionic conduc
tivity after and before irradiation with that 
during irradiation and the observation of en
hancement in the ionic conductivity due to the 
change of flux. 

This paper describes the features of an 
apparatus to measure in situ the ionic conduc
tivity under the irradiation environment and 
presents some results of ionic conductivity 
measured for typical ceramic breeders using this 
apparatus. 

2 APPARATUS AND ITS APPLICATIONS 

2.1 Apparatus 

An apparatus for i n - s i t u ion ic conduc
t iv i ty under i rradiat ion i s schematically shown 
in f ig. 1. The specimen used was cut into a thin 
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Abstract: It is signiiicant to ootain fun-
damental infor皿ationregarding the radiation 
damage in some lithium ceramics， e.g. L120， 
Li ‘SiO・etc.，because they are expected to be 
candidate breeder materials exposed to severe 
irradiation environment. To皿easurethe ionic 
conductivity of lithium ceramics under the ir-
radiation environments is eftective in under-
standing the irradiation effect on transport 
phenomena such as lithium-ion and tritiu国 diffu-
sion. The measure血ent，however， should be oon-
ducted without taking out lithium ceramics fr副司

the irradiation oha.ber， as their specimens 
have a strong aftinity tor the冊。isture. Thus， 
an in-situ experiment technique tor the ionic 
conductivity measurement， which allows the 
spec imen temperature contro1 and the be副ncur-
rent monitoring， have been developed. By田eans
of the technique， the ionic conduotivity can be 
measurp.d tor the oer翻 liobreeders under irradia-
tion as well as before and atter irradiation un-
der a variety of experimental c?nditions using a 
tandem accelerator at JAERI. In order t。
demonstrate the usetu1ness ot the in-8itu oon-
ductivity measurement， so圃e・easuringresu1ts 
are presented for typical cera皿icbreeders. 

Keywords: Irradiation effects， Ionic conduc-
tivity， In-situ measurement， L1th1圃由民掴1cs，
Transport pheno岨ena

1. INTRODUCTION 

S細 elithium ceramics， e.g. Li20， L14SiO・
etc.， are expected to be candidate breeder 
materials for D-T tusion reactors. These 
materia18 are damaged by energetic neutrons， 
tritons and He ion8 under tusion blanket ir-
radiation environment. The defects caused 1n 
these皿aterials are considered to be the origin 
of inhibition of ionic conductivity tor these 
materials. In other words， the ionic conduc-
tivities of lithillll cer細 icsare controlled by 
lattice defects including irradiation detects 
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ana reflect 1ithi四 -ioo・igration[i，2].io aaai-
tion， the ・echanisaot tritiua diffusion in the 
lithiu・ cerami~s was considered to be closely 
related to tbat ot lithIl・-iond1ftusion in the 
study by Ohno et a1. [3]. Judging trom their 
resu1t， the ionic conductivity ot 1ithium 
cerl泊 icswould be associated with tritium migra-
t10n 1nterrelated with lithiu・-10n圃igration.
Therefore， the圃easurm跨 ntot ionic conductivity 
durir~ ionic irradiation is eftective in under-
standing the irradiation effect on transport 
phen四・enasuch as 1ithi圃・ionand tri ti四 diftu-
sion. 

The accurate ・easureaentsot ionic conduc-
tivity ot lithi圃 cer祖 1csshould be perfol"llled 
without taking out thea troa the irradiation 
cha圃ber，that 1s， with in-situ measurement 
阻etiaラd since the attinity ot these凪ateria1s
for moisture 1s strong enough to atfect the 
ionic conductivitY[l，2]. The 1n-situ .easure~ent 
will a1&o ca量eit p08sib1e under variou8 condi-
tion8 ot experiaents to圃easure10n1c conduc-
tivity w1thout the spec1・ensenv1ron.ental 
change that wil1 be generated by taking the圃
away trOll the 1rradiation challlber atter inter-
ruptlng the irrad1at10n. Thus， this ・ethodought 
to enab1e the co・parisonot the ionic conduc-
tivity atter and betore 1rradiation with that 
dur1ng 1rradiation and the observat10n ot en-
hanceaent ln the ionic conductlvity due to the 
change ot t1ux. 

This paper describes the te&tures ot an 
apparatus to aeaSl¥re in situ the 10nic conduc-
tivity under the irradiation envirollllent and 
presents so・eres目1t8ot 10nic conductiv1ty 
aeasUI叫 tortypical cer掴 1cbreeders usir唱 this
appsratus. 

2 APPARATUS AND ITS AFPLlCATIONS 

2.1 Apparatus 

An apparatus tor in-&itu ionic conduc-
t1v1ty under irradlatlon 1s schematical1y shown 
in tig. 1. The speciaen used was cut into a thin 



pellet. For the purpose of removal of OH" or 
LiOH from the specimen, it was annealed at '.270 
K for 5h in vacuum at a pressure less than 1x10-
7 torr. After eliminating 0H~ or LiOH fro* the 
specimen the thin plate of specimen was set at 
the center of the irradiation chamber. The 
specimen was surrounded by heater and covered 
with the thermal shield in order to maintain its 
uniform temperature. Further, the temperature of 
the specimen was controlled by electrical heat
ing in the range of about 298 to 1073 K. Two 
electrodes and a thermocouple were installed on 
the specimen in order to record the ionic con
ductivity and the temperature of the specimen, 
respectively, under irradiation as well as 
before and after irradiation. With a variety of 
flux of ion beam, the data of ionic conductivity 
and temperature are able to be recorded for the 
specimens used without the change of irradiation 
environment, i.e., without talcing them out from 
the irradiation chamber. An infrared thermometer 
was mounted outside the irradiation chamber. The 
temperature distribution on the specimen under 
heating was observed through the sapphire window 
by the thermometer installed. A thermal electron 
shield, a faraday cup, a suppressor and a slit 
were fixed in their order ahead of the specimen, 
so as to record the exact flux during irradia
tion. 

This irradiation chamber was attached to a 
tandem accelerator at JAERI. The technique of 
in-situ ionic conductivity measurement has been 
established under high energy heavy ion irradia
tion using this chamber installed in the tundem 
accelerator at JAERI. Ionic conductivity of tSe 

specimens is determined with the two terminal AC 
method using a HP 4194 A impedar„-e analyzer. 

2.2 Application 

2.2.1 Irradiation effects on ionic conduc
tivity of Li20 

In fig. 2, ionic conductivity of Li20 at 
various temperatures in the post-irradiation 
condition is shown as a function of 24 or 60 HeV 
lithium ion fluence. The specimens used were 
thin plates (7 to 9 n in length, 8 to 9 ma in 
width, 0.3 to 0.4 mm in thickness) of highly 
pure single crystals of Lia0[2]. The conduc
tivity of Li20 was measured at temperature 
ranging 413 to 673 K after interrupting the ir
radiation. It was confirmed that the conduc
tivities increased with the lithium ion fluence 
at 413 K, while they decreased with the lithium 
ion fluence in the range of 453 to 573 K. Ir
radiation effects on the conductivity were neg
ligibly small at 623 and 673 K. 

The increase at 413 K was attributed to 
unspecified irradiation defects which enhanced 
the conductivity and were recovered in the range 
of 443 to 498 K, and the decrease in the range 
of 453 to 575 K was due to F + centers which were 
recovered in the range of 498 to 573 K[4]. 

At 623 and 673 K, the F+ centers are al
most recovered, while colloidal lithium metal 
centers are not[5,6]. However, the colloidal 
lithium metal centers were not well-formed but 
they could influence the ionic conductivity in 
this study. Accordingly, the flux dependence of 

Infrared thermometer 

Sapphire window 

Measurement lead wire 

Thermocouple 

Thermal shield 

Heater 

Fig. 1. Scheme of apparatus for performing in-situ ionic 
conductivity measurements during irradiation at temperatures 
between 298 and 1073 K. 
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speciaens 1s detera1ned with ~~e two ter・ir国1AC 
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ion fluence in the range ot 453 to 573 K. Ir-
radiation effects on the conductivity were neg-
ligibly s・al1at 623 and 673 K. 

The increase &t 413 K was attributed to 
unspecified irradiation defects which enhanced 
the conductivity and were recovered in the range 
of 443 to 498 K， and the decrease in the range 
of 453 to 57~ K was due to F+ centers which were 
recovered in the range of 498 to 573 1[4}. 

At 623 and 673 K， the F+ centers are al-
圃ostrecovered， while colloidal lithiua metal 
centers are oot[5，6]. However， the colloidal 
lithiua aetal centers were not wel1-formed but 
they could inf1uence the ionic conductivity in 
this studY. Accordingly， the flux dependence of 
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Fig. 1. Scheme of appa.ratus for performing in-situ ionlc 
conductivi t1 measur~'m'!Dts during irradiation at temperatures 
between 298 and 1073 K. 
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conductivity was small at these temperatures be
cause the F* centers have been recovered. 
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Fig. 2. Ionic conductivity of L12O at various 
temperatures in the post-irradiation condition 
as a function of 24 or 60 MeV lithium ion 
fluence. 

2.2.2 Irradiation effects on ionic conductivity 
of Li<Si04 and Lis.7AI0.lSiO*. 

The ionic conductivities of both LiiSiO* 
and Lis.7AI0.iSi04 irradiated with 120 HeV 
oxygen ion were measured under irradiation as 
well as before and after irradiation. The con
ductivities during irradiation were larger than 
those before and after irradiation. Moreover, 
the conductivity began to decrease as soon as 
the irradiation was interrupted, and it reached 
to constant values with the elapse of time. 
These constant values of conductivities were 
regard as the conductivities in the post-
irradiation condition. In fig. 3, the fluence 
dependence of the conductivity in the post-
irradiation condition was shown for Li4Si04 in 
the temperature range of 413 to 613 K with 120 
MeV oxygen ion irradiation. The conductivity in
creased with the fluence in this temperature 
region. The conductivity of Li3.7Alo.iSi04 in 
the post-irradiation condition was shown as a 
function of fluence in the temperature range of 
373 to 503 K for 120 MeV oxygen ion irradiation 
in fig. 4. The conductivity of Lis.vAlo.iS104 
irradiated slightly increased in the range of 
373 to 413 K. On the other hand, the fluence tie-

peBdeiwe of conductivity was hardly observed in 
the temperatare range of 443 to S03 K. 

The differences at various temperatures 
between ionic conductivities of Li<SiO« under 
irradiation and those after irradiation are 
presented as a function of 120 MeV oxygen ion 
flux in fig. 5. It was shown a'- each temperature 
that the conductivity of Li«Si04 during irradia
tion was larger than after irradiation. The dif
ferences increased with the irradiation ion 
flux. It has been considered that the enhance
ment of conductivity under irradiation was at
tributed not only to the temperature rise of the 
specimens due to beam heating but also to en-

LI 4 Si0 4 0 [on U20MeV l i n e d . 

0 1 2 3 
Ion Fluence (10"'"-«-m"M 

Fig. 3. Ionic conductivity of Li4Si04 at various 
temperatures in the post-irradiation condition 
as a function of 120 MeV oxygen ion fluence. 
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Fig. 4. Ionic conductivity of Lis.7Alo.iSi04 at 
various temperatures in the post-irradiation 
condition as a function of 120 MeV oxygen ion 
fluence. 
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conductivity was small at these t帽 peraturesbe-
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Fig. 2. ron1c conductivity of Li20 at various 
temperatures in the po日t-irradiationcondition 
as a function of 24 or 60 MeV lithiu圃 lon
fluence. 
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2.2.2 Irradiation effects on ionic conductivity as a function of 120 MeV oxygen ion tluence. 
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hancement of lithium-ion diffusion due to 
electrons and holes excited into the conduction 
band with relatively short lifetime daring the 
irradiation[7,8]. This argument about the en
hancement of conductivity for L12O should be ap
plicable to Li«SiO<. it is considered from the 
present results that there is a possibility of 
enhancement of lithium ion diffusion in Li4Si04 
during irradiation. 
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Fig. 5. Differences between ionic conductivities 
of Li«Si04 under irradiation and those after ir
radiation at various temperatures as a function 
of 120 MeV oxygen ion flux. 

3. SUMMARY 

The in-situ measurement apparatus in this 
study, cf. fig. 1, vas designed to compare the 
ionic conductivity under irradiation with that 
before and after irradiation without the 
specimens environmental change, and to observe 
the flux and temperature dependence of the con
ductivity. Moreover, the in-situ measurement in 
a high vacuum chamber without removal of a 
specimen permitted exact determination of ionic 
conductivity for lithium ceramics whose affinity 
is very strong foi atmospheric moisture. In con
clusion, it has been demonstrated by presenting 
some examples that this in-situ measurement is 
effective in studying the irradiation effects 
for the lithium ceramics. 
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