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Abgtract: One of the technological problems of a fusion react
is the change in composition and structure of ceraim breeder
(Li4SiO, or Li,TiO3; pebbles) during long-term operation.
Changes in the composition and structure of the LEiO, ceramic
pebbles at fast electron irradiation (E = 5 MeV, dos rate up to 88
MGysh, absorbed dose up to 10.6 GGy) at 543-573 K were
investigated in this study.

Overstoichiometric (2.5 weight % of additional SiQ) lithium
orthosilicate pebbles were fabricated by a melt-s@ying process
(Schott AG, Mainz, Germany). Three types of pebbleswith
different annealing time, diameter and grain size wre
investigated: pebbles annealed at 1073 K 1h (diansst<50 um,
grain size 1 um), annealed at 1173 K 128 h (diamete50 um,
grain size 8 um) and pebbles annealed at 1243 K 1688iameter
500 pm, grain size 10um). Products of radiolysis we
investigated by means of FTIR and XRD, TSL and ESR
spectroscopy were used for detection of radiationedects.

Additional phases were observed in the small pebldeafter the
irradiation up to 10.6 GGy by means of FTIR and XRDmethods.
The traces of LiOH, Li,CO; Li,SiO; and LigSiO; were
identified. The lines of SiQ* (HC2) and SiG*(E’) ion radicals
were observed in ESR spectra for all three samplequt F*
centres was observed only in ESR spectra of pebblaanealed at
1073 K 1h. For all three types of pebbles four maria were
observed in TSL glow curves, but in the optical sper wide
band at 3.5 eV. Comparison of obtained date for irestigated
pebbles allow to say that the sample #3 (pebblesrealed at 1243
K 168 h with diameters of 500 um and a grain sizefd0um) have
higher radiation stability as the other two.
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I. INTRODUCTION

Slightly overstoichiometric lithium orthosilicatdig, SiOy)
pebbles with diameters ranging from 250 to 630 javetbeen
selected as one possible breeder material for th®pgan
Helium Cooled Pebble Bed blanket. Under operatin
conditions of a fusion reactor, the blanket matenigill be at
high temperature (up to 1123 K), under action ofihhi
magnetic field (up to 10 T) and intense radiatiap (o 10°

neutronsn™s?). One of the technological problems of a
fusion reactor is the change in composition andctfire of
ceramic breeder (L$5iO; or Li,TiO3; pebbles) during long-
term operation. Changes in the composition andctstre of
the Li;SiO, ceramic pebbles at fast electron irradiation up to
absorbed dose 10.6 GGy at 270-300 °C were invéstga
this study.

Lithium orthosilicate pebbles are fabricated by &ltm
spraying method in a semi-industrial scale facifty 2] at
Schott AG, Mainz, Germany. While larger pebblesstaljize
during cooling, pebbles with diameters <50 pm sfylid
amorphously. For the experiments, pebbles <50 pne Wweat
treated at different temperatures to achieve dtigstion and
microstructure with different mean grain sizes. Aiddally,
already crystallized pebbles (500 um) were anne@alaxbtain
a homogeneous microstructure. Characteristics\wasiigated
samples of slightly overstoichiometric lithium ao#ilicate
pebbles are summarised in Table 1.

Unfortunately, an admixture of 1Si0; in
overstoichiometric LjSiO, can increase the concentration of
oxygen vacancies causing decrease of radiationiligtab
Therefore production of radiation defects and pobsluof
radiolysis were investigated. The pebbles werediatad in
quartz tubes in both air and dry argon atmospheith w
accelerated 5 MeV electrons at 983 K by means df4L
accelerator (Salaspils, Latvia). The dose rate 442 Gy/s
was calculated from measured electron flux by meahs
ionization chamber and Faraday cylinder.

ESR spectra of the radiation-induced free radigatere
recorded on a Bruker BioSpin X-band radiospectremet
operating at 100 kHz field modulation. X-ray diiteon were
measured on a Bruker D8 Advanced XRD spectrometer
(source: Culg, 2=0.15418 nm). Fourier transform infrared
spectroscopy (FTIR) was performed by means of AVARTA

30 FTIR Thermo Nicolet and BRUKER EQUINOX55
pectrometers. Thermally stimulated luminescen&d_JTwas
measured at a heating rate 2 K/s.

TABLE 1
OVERVIEW OF THE INVESTIGATED PEBBLES
L Annealing . .
Nr. Pebble sizeym Grain size, temperature, Anneallng Conc. %f SiQ

um K time, s wt.%
#1 <50 1 1073 360(
#2 <50 8 1173 46080 P
#3 455 5 10 1243 60480 5
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EPR spectra of all investigated samples after iatah
with doses up to 10.58 GGy showed presence ofest 18
different lines with g-factors 2.001, 2.016 and1B0Those
spectra were similar to previously reported onesrfadiated
“pure” LisSiO, [3] and can be interpreted as superposition
signals from so called E’ and HC2 centres (ioncaldi SiQ*
and SiQ*, respectively). Very week and board multiple
signal was also observed at ESR spectra of irredlisample
#1. This signal can be attributed to electron liseal in anion

RESULTS AND DISCUSSION

or oxygen vacancy (so called Eentres). ESR spectra of all.

three samples irradiated in air atmosphere withedb8.56

X

GGy contain two symmetric lines with 50.2 mT spiit,
typical for localised hydrogen atoms. Concentratioh
stabilised paramagnetic centres in pebbles irradiavith
doses from 1 to 5 GGy are in range™100' radical/g and
slightly increase with increasing absorbed dosepising
Or}igh concentration of stabilised paramagnetic esntr
(10*"+10" radical/g) was observed in samples irradiated with
dose 10.56 GGy in air atmosphere (see Table 2).
Concentration of free radicals stabilised in sampteadiated

in dry argon atmosphere were significantly highentin case

of samples irradiated in air atmosphere and deersdth
increasing absorbed dose up to 5 GGy.

TABLE 2
CHARACTERISTICS OFESRSPECTRA
. . . Concentration,
Sample Irradiation Radical g-factor Splitting, mT 10%radicals/g
accelerated electrons, air | E’ 2.0013 none 0.00002
#1 atmosphere, 1.32 GGy HC2 2.0100 none 0.00080
F 2.0022 unresolved 0.00009
#1 accelerated electrons, air | E’ 2.002 none 0.0003
atmosphere, 2.64 GGy HC2 2.009 none 0.0007
#1 accelerated electrons, air | E’ 2.00 none 0.0009
atmosphere, 5.28 GGy HC2 2.01 none 0.0007
accelerated electrons, air | E’ 2.0011 none 22.5
#1 atmosphere, 10.56 GGy HC2 2.0154 none 0.05
H 2.0023 50.2 0.01
4 accelerated electrons, air | E’ 2.0018 none 0.0002
atmosphere, 1.32 GGy F 2.0022 unresolved 0.0001
#2 accelerated electrons, air | E’ 2.00 none 0.005
atmosphere, 2.64 GGy
” accelerated electrons, air | E’ 2.001 none 0.025
atmosphere, 5.28 GGy HC2 2.012 none 0.001
accelerated electrons, air | E’ 2.001 none 0.065
#2 atmosphere, 10.56 GGy HC2 2.006 none 0.004
H 2.002 50.2 0.001
#3 accelerated electrons, air | E’ 2.00 none 0.0009
atmosphere, 10.56 GGy | HC2 2.01 none 0.0001
#3 accelerated electrons, air | E’ 2.00 none 0.0003
atmosphere, 2.64 GGy
#3 accelerated electrons, air | E’ 2.00 none 0.0039
atmosphere, 5.28 GGy HC2 2.01 none 0.0002
accelerated electrons, air | E’ 2.00 none 0.39
#3 atmosphere, 10.56 GGy HC2 2.01 none 0.12
H 2.00 50.2 0.01

TSL curves of irradiated pebbles were also simiar
previously reported ones for irradiated “pure;3i0, [3] and
contain three maxima at temperatures 395 +25, 43Band
500 #50. In high temperature region the fourth maxn at
612 £38 K were observed (see Fig. 1). Maximum & 580
K is unstable and disappears in 60 days afteriatiah.

TSL intensity of samples irradiated in dry argomasphere
is significantly higher than in case of sampleadiated in air
atmosphere. In TSL curves of pebbles irradiatedarigon
atmosphere predominates the maximum at high termyera
region (612 +38 K).

TSL optical spectra of all investigated samplesicatd
maximum at 3.5 eV. Only TSL optical spectra of debb

irradiated with a dose less than 1 GGy have a maxirat 2.9
eV. Both these maxima have previously been obsan/é&L
and radioluminescence spectra of “pure’,SiD, [3]. The
Luminescence band with the maximum at 3.5 eV is wue
exited states of Si anions (so called "L-centres", [3]). The
origin of luminescence band with a maximum at 2/9i£not
clear yet, but we think that it is due to excitete of
electrons localised in structure defects (so cdli€ecentres”).
Light absorption spectra registered by means dtt ldjffuse
refraction spectroscopy have a maximum at 3.0 e\ @m).
So small shifts (approximately 0.1 eV) between nmesxiof
light absorption and emission bands of F-centresewe
observed in case of irradiated alkali metal sulphid].
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Fig.1.TSL curves of lithium orthosilicate pebbles afteadiation with doses 1.32 and 10.56 GGy (numbeninigvestigated samples according Table 1)

TABLE 3

RELATION OF INTENSITIES OF CHARACTERISTIXRD LINES (10.58GGY/UNIRRADIATED)

20 of Relation of intensities kosdlo
Compound characteristic
lines Sample #1 Sample #2 Sample #3
Li4SiOq 22.6 0.9 0.8 0.7
24.2 0.3 0.4 0.6
28.2 0.2 0.1 0.6
Li»SiOs 18.9 11 17 15
27.0 1.8 1.5 1.4
33.2 1.4 1.6 1.5
Li.COs 29.5 1.8 16 3.3
31.8 22 16 5.0
35.6 1.8 2.6 3.0
LiOH 17.5 1.6 1.9 5.0
354 19 16 55
LisSi,O7 25.6 1.9 1.6 5.0
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Fig.2.FTIR spectra of unirradiated and irradiated (1838y, in air) lithium orthosilicate (sample #2, graize 8um)
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Thus, in irradiated pebbles the same radiation aiefare
stabilized, which have been detected in “purgSi®,, but the
concentration of stabilized free radicals at ddses 1 to 5
GGy is approximately 2 times higher (ESR measurésneh
“pure” Li,SiO, irradiated with a dose of 10.56 GGy have no
been made previously).

Products of radiolysis

in irradiated pebbles wer

investigated by means of XRD and FTIR spectroscopy.

Significant increase (at least by 50 %) of the iahit
concentration of LiSIO; was found by means of both
mentioned methods. Beside this, in XRD spectrarafliated
(dose 10.56 GGy) pebbles lines due to;SLO; were
observed. On the other hand, intensities of;SiQ,
characteristic lines decrease with increasing desbrdose
(see Table 3).

In samples irradiated in air atmosphere, charatieriines
for LIOH and Lp,CO; were detected with both mentioned
methods (see Table 3 and Fig. 2).

Unfortunately it was impossible to determine coniion of

products of radiolysis by means of XRD and FTIR

spectroscopy. As can be seen from Table 2 in chsample
#3 irradiated with a dose of 10.58 GGy ratios ¢émsities of
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Nestehiometrisku litija ortosilik ata lodiSu radiolize
Viena no kodolsiriizes reaktoru tehnatijas galvenam probEmam ir litiju saturoSo tritiju atrazojoSo matait (Li,SiO, vai Li, TiO3) sasiva
un strukfiras izmapas ilgsto$as ekspluaijas gaif. S darba narkis bija izgEtit Li,SiO, keramikas lotsu sagiva un strukiras izmajas
paatrinato elektronu starojuma (E = 5 MeV, dozas jauitlz 188 MGy-h', absorita doza 1dz 10,6 GGy) iedafbas rezulita 542-570 K
temperaira.
Ar kausgjuma izsmidziaSanas metodi tika i@tps tis daZdu tipu nestehiometriskas (ar 2,5 masas %, $EBpalikumu) litija ortosilikata
keramikas lottes (Schott AG, Mainz, &ija): lodites ar diametruidiz 50 um un grauda iZru 1 um (atdedzitas 1 stunduidlz 1073 K),
lodites ar diametrudz 50 um un grauda izt 8 um (atdedzitas 128 stundasdz 1173 K) un lotles ar diametru no 450 iz 560 um un
grauda izraru 10 um (atdedzitas 168 stundasdz 1243 K). Radiakes produktu noteikSanai tika izmantota Euspektroskopija un
rentgenstrukiranaize, bet radicijas defekti tika ptiti ar elektronu paramagtiskas rezonanses (EPR) un termostigétid luminiscences
(TSL) meto@m.
Ar Furje spektroskopijas un rentgenstriénaizes meto@m tika konstatta jaunu fizu veidoSaas fidz 10,56 GGy apstarst lodtes. Tika
konstatta LiOH, Li,COs, Li,SiO; un LigSi,O; veidoSass. Apstarotu lotsu EPR spektros tika nenotas jonradikliem SiQ® (HC2) un SigQ*
(E) atbilsto3asihijas, bet F centri tika noeroti tikai 1073 K Lstundu atdedzito lodiSu spektros. Visu 3 168U veidu TSL1knes tika noeroti
4 maksimumi, bet TSL optiskajos spektros ir redzdikei viena plata josla ar maksimumu 3,5 eV.ategrezulttu kopumslauj seciat, ka
1243 K temperata 168 stundas atdedaias locites ar diametru 45Gdz 560 pum un viglo grauda lielumu 10 um ir radiijas iztuigakas
saiidzinajuma ar divu firgjo tipu loditem.

Aptypc 3apunbmi, Apauc Cymne, I'ynra Kuzane, Peruna Kuurrep, Unurapc Peunxonac, Aurape Butunbm, Busi Tuauka, Angpuc
AuruHbil. Paanon3 HecTeXHOMeTpUYECKHX IIAPHKOB OPTOCHIMKATA JIMTHS

OnHa U3 TEXHOJIOTHYECKHX MPOOJIeM PEeakTOpOB SACPHOrO CHHTE3a - H3MEHEHHE COCTaBa U CTPYKTYphI JUTHEBBIX MaTtepuanos (LisSiO, niu
Li,TiO3) BO Bpemsi JIMTENBHOTO BOCHPOHM3BeneHHs TpUTUst . L{enb paboThl - HCCIeI0BaTh M3MEHEHHS COCTaBa U CTPYKTYPhI KEPAMHUYECKUX
mapukoB LisSiO, npu B3anMozaeicTBIN MOTOKA ObICTPBIX d1ekTpoHOB (E = 5 MbB, MomHocTh 10361 10 88 MIpey ™, morjomuieHHas 103a 10
10,6I'Tp) npu remmneparype 543-573 K.

Hecrexuomerpuueckue (2,5 % BecoBoit dactu ocratka SiO,) IApUKH OPTOCHINMKATA JIUTHS H3TOTOBICHBI B IIABUIBHO-PACIBUINTEIEHOM
nporecce (Schott AG,Maiini, I'epmanus). VccnenoBansl TpH THIA [IAPHKOB C PA3IMYHBIM BPEMEHEM OTXKHMIa, PA3IHYHBIM IHAMETPOM H
pasmepom 3epra: omkur 14 nmpu 1073 K (auamerp <50 pu; pasmep 3epHa 1 pm), omsxur 1284 npu 1173 K [auamerp <50 pum, pasmep 3epHa 8
pm), omkur 168 u mpu 1243 K fiuamerp 500 M, pasmep 3epHa 10 pm). IIpoayKThl pagnoi3a UCCIEIOBAaHbl MPUMEHSST CIIEKTPOCKOIHIO
Dypiie ¥ METOA PEHTICHO-CTPYKTYPHOro aHanm3a. TepmoctumynupoBaHHas JromuHucueHIMs (TCJI) M CHEKTPOCKONHUs MapaMarHUTHBIX
uenrpos (ITMII) ucnonb3oBanack [yt 0OHAPYKEHUS PaJAHALIMOHHBIX 1e()EKTOB.

Hcnonb3ys crekrpockomnio Dypiie 1 METO PEHTICHO-CTPYKTYPHOTO aHajIn3a KOHCTaTHPOBAHHO 00pa3oBaHKe HOBBIX (a3 B OOIYUYEHHBIX 10
10,6 T'Tp nutreBbix mwapukax. Uaentuduumposano npucyrcreue LIOH, Li,COs, LizSiOs u LigSi,O;. B criekrpax ITMI] Bcex Tpex 06pasios
Haiinenst muann SiOY (HC,) n SiOs* (E') paxukamiona. Ho F' [EHTpHI IPHCYTCTBYIOT TONBKO B criekTpax IIMLI mapHKoB OTOXKEHHBIX 1 1
npu 1073 K.B kpussix TCJI nHabnopatorcsi 4eThipe MakKCUMyMa JUIsl BCEX TPEX THIIOB IIAPHKOB, HO B ONTHYECKUX CIEKTPaX - TOJBKO OJHA
IIMPOKas 11070ca ¢ MaKCUMyMOoM 11pu 3,53B. COBOKYITHOCTB MOJTy4YEHHBIX PE3YJIbTATOB MO3BOJIIET CEIATh 3aKIyYEHHE, YTO JIUTEBbIC IAPUKH
(muamerp ot 45010 560MKM, cpennuii pasmep 3epHa 10 Mkm) otoxxenHble 168uacos npu temneparype 1243K Gonee paaualmoHHO CTOMKHE
10 CPABHEHHIO C OCTAJIbHBIMH JBYMS BUAAMH IIAPHKOB.
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