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ABSTRACT

Lithiumaluminateis an attractivematerial (in terms of its chemical,

mechanicaland irradiationproperties)for breedingtritiumin fusion

reactors;however, its tritium releasecharacteristicsare not as good as

those of other candidatematerials. To investigatewhethertritiumrelIease

from lithium aluminatecan be improved,we have studiedthe tritiumrelease

from irradiatedsamplesof pure lithiumaluminate,lithiumaluminatedoped

with Mg, and lithiumaluminatewith a surfacedepositof platinum. The

releasewas studiedby the temperatureprogrammeddesorption(TPD)method.

Both the platinum coating and magnesiumdoping were found to improvethe

tritiumrelease characteristics,as determinedby TPD. Tritiumrelease

shiftedto states with lower activationenergiesfor the alteredmaterials.
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1. INTRODUCTION

For breeding tritium fuel in fusion reactors,lithiumaluminatecompares

favorablywith other candidatesolid breedermaterialsin terms of chemical,

mechanical,and irradiationproperties;however,tritiumreleasefrom lithium

aluminateis much sluwer than that from lithiumoxide or lithiumzirconate.

Thus, we are striving to improvethe tritiumreleasefrom lithiumaluminate

and gain a more thorough understandingof the mechanismsinvolvedin the

tritiumreleasefrom this class of materials.

An earlierexperiF.,ent(TRIO)demonstratedan improvementin tritium

releasefrom lithiumaluminateby adding hydrogento the purge gas[li. The

TRIO experimentalso demonstratedthe deleteriouseffectof addingoxygen to

the purge stream[l]. If alteringthe gas phase above the solid can cause such

drasticchanges in the tritium releasecharacteristics,it is possiblethat

the solid itself can be modified to bring about similarchanges in the tritium

releasebehavior.

The key to improvingtritiumrelease from lithiumaluminateis to alter

the solid in such a way as to increasethe race of the slowest,or rate

determining,step in the tritium releaseprocess. If diffusionis rate

limiting,the tritium releaserate can be increasedby doping the material to

increasethe tritiumdiffusivity. Increaseddiffusionhas been reportedin

Al203 doped with Mg and in SiC doped with Al by Kitazawaand Coble[2]. The

dopantsreportedlyincreasedthe tritiumdiffusivityin these materialsby

severalorders of magnitude. Calculationsperformedfor lithiumaluminate

suggestthat if diffusion is rate controllingthe tritiumreleasecan be

substantiallyimprovedby doping the materialwith Mg[3]. However,for

lithiumaluminate,tritium releasemay be desorptioncontrolled. If surface

desorptionis rate controlling,the solid surfacecan be alteredto provide

low energy sites for desorptionof tritiumby substitutingsome surfacesites

or coatingthe surface with a catalyst for hydrogenor water desorption.

Quanci has attributedan enhancedtritiumdesorptionto the presenceof

platinum impuritieson single crystalsof lithiumoxide[4].



In an attemptto improvethe tritiumreleasefrom lithiumaluminateand

to gain a better understandingof the mechanismsof tritiumtransportin

lithium ceral,.,cs,we have investigatedtritiumreleasefrom modifiedlithium

aluminate. Three types of lithium aluminatesampleshave been preparedand

irradiatedat the TRIGA reactorat the Universityof Illinois,Urbana-

Champaign:pure single crystals,single crystalsdoped with Mg, and single

crystalssputter coatedwith Pt. The Mg doped material shouldincreasethe

tritiumdiffusivityby increasingthe numberof lithiumvacancies[3]. The Pt-

coated material is expected to alter the surfacecharacteristics,and increase

the desorptionrate. Tritium releasecharacteristicswere determinedby

temperatureprogrammeddesorption (TPD)measurements.

a. Experimental

Single crystalsof pure and Mg doped (0.3%)lithiumaluminatewere

suppliedby CEA. These crystals were grown using the Czochralskitechnique

from a chemicalbath containingLiAlO2 plus 3% by weight Li20 (plus0.5% Mg

for the doped material) at 1973 K in an iridiumcrucible.[5]Crystalgrowth

was accomplishedon a seed crystal of LiAlO2 using a rotationspeed of 10-

15 rpm. Spark source spectrometryindicatedthat the Mg dopant level was

0.3%. Platinumwas coated onto pure singlecrystalsusing a sputterchamber.

All the crystalswere dried at 1073 K under vacuum for 4 hours. They were

then transferredto a helium atmosphereglovebox,where each individual

crystalwas placed in an aluminum capsule. The capsuleswere cold welded in

the glovebox,then checked for leaks using a helium leak detector. The

capsuleswere irradiat(_din the CadmiumLined NeutronActivationTube at the

Universityof Illinois,Urbana Champaign,for 3 hours at a power level of

1500 kW. This cadmium-.linedfacilitywas employedto harden the neutron

spectrumand ensure that the tritiumproductionwithin the singlecrystalswas

spatiallyuniform.The calculatedamount of tritiumproducedis I #Ci per

singlecrystal.
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Tritium releasefrom the LiAIO2 crystalswas measuredunder a flow of

helium plus 0.1% hydrogen in a stainlesssteel annealingapparatus. A

schematicof the experimentalarrangementused for this measurementis shown

in Figure I. A single crystalwas transferredfrom the sealedaluminum

capsuleto a sample holder in the helium-filledglovebox. The sampleholder

isolatedthe sample from the atmosphereusing a set of compressionfittings.

The compressionfittingson either side of the samplewere sealed,and the

sample holder-was removedfrom the gloveboxand connectedto the annealing

apparatuswith an O-ring seal. The apparatuswas evacuated,then purged with

He + 0.1% H2, and the furnacebrought to the desiredtest temperature. The

samplewas then introducedinto the heated zone by looseningthe compression

fittingjust enough to slide the rod holdingthe sample throughthe fittings

into the heated sectionof the apparatus. The tritiumreleasewas determined

by a proportionalcounterdownstreamfrom the sample. During this

measurement,methane gas was bled into the proportionalcounterat a rate that

providedit with a gas mixture of approximately85% purge gas and 15% methane.

The temperaturewas controlledby an OMEGA temperaturecontroller,to provide

the desired constant heatingrate. Feedbackto the temperaturecontrollerwas

providedby a thermocouplepositionedin the sampleholder,and separatedfrom

the sample by approximatelyI/4 in. of stainlesssteel.

b. Results and Discussion

Earlier experiments performed on single-crystal lithium aluminate by

Botter et al. indicated that tritium release was not diffusion controlled,

even for crystals as large as 2000 #m in diameter[6]. Our experiments support

that conclusion. Temperature programmed desorption measurements performed on

single crystals (2 mmdia) of pure LiAIO 2 at a heating rate of 0.75 K/min show

several overlapping peaks (see Figure 2). This indicates that the tritium is

released from several states. If diffusion were rate limiting, a single peak

would have appeared.
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Informationon the energeticsof release from the differentstateswas

obtainedby a careful analysisof the TPD data. The normalizedrelease for

first-orderdesorption from one state with an activationenergy E during a TPD

experimentis given by[7]:

P = l-exp(-ubEI/RT) (I)

_,

where

exp(-E/RT) [ 2! + 3! 4! 3+ ...]I = (E/RT)2 I-E/RT (E/RT)2 (E/RT)

u = desorptionpre-exponential

b = heating rate

R = Boltzmann'sconstant

T = the absolute temperature

A nonlinear least-squaresoptimizationroutinewas used to fit a sum of

curvesgiven by equation 1 to the observed TPD curve. The resultsfor a

sampleof pure LiAlO2 are shown in Figure 2. The analysisindicatesfive

curves are presentwith activationenergiesof 60.8, 98.7, 128.6, 154.3 and

174.4+/- 5 kJ/mol. These activationenergies are in good agreementwith

those obtained by Botter et. al. using a differentanalysistechnique[6]. The

amountof tritium released from each state is proportionalto the area under

the curves determinedby equation I. The majorityof the tritiumfor the pure

LiAlO2 (roughly60%) was releasedfrom the state with highestactivation

energy. Tritium release can be improved if the populationof the lower energy

peaks is increasedat the expenseof this higherenergy peak.

Doping lithium aluminatewith magnesiumwas expectedto increasethe

tritiumdiffusivityby a factor of 2 or 3 in the lower temperatureregion

(< 673 K)[3]. The magnesiumdoping did affect the tritiumrelease,as can be

seen by comparingthe TPD curves for the pure material(Figure2) and Mg doped

material (Figure3). However,this effect is much less than that expectedif

diffusionwere rate limiting. In addition,severalpeaks were observedin the

TPD data, suggestingthat tritium is also releasedfrom severaldifferent
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states for the doped material. Deconvolutionof the TPD curve in Figure 3

indicatesfive peaks were presentwhich correspondto activationenergiesof

47.0, 94.6, 113.4, 155.9,and 205.0+/-5kJ/mol. Doping with magnesiumshifts

the releaseto lower temperaturein a TPD experiment. The peaks at about

650 K and 725 K (47 and 94.6 kJ/molpeaks) for the doped materialare shifted

slightlyfrom those in the pure materialand are increasedin intensity. In

the doped material these peaks accountfor roughly 25% of the detected

tritium,while in the pure material they account for roughly13% of the

detected tritium. The activationenergy of 94.6 kj/mol is in excellent

agreementwith the 99.4 kJ/mol (23.8 kcal/mol)activationenergy found by

Ito et al. for desorptionof hydrogenfrom MgO[8]. This suggeststhat doping

LiAlO2 with Mg provides a low energy site on the surface (surfaceMgO) from

which the tritiumdesorbs.

Platinumwas deposited on the surfaceof single crystalsof pure LiAlO2

in the hopes of increasingthe desorptionstep in the tritiumreleaseprocess.

The platinumcoatingdid affect the tritiumrelease from lithiumaluminate

(see Figure4). Four peaks were determinedcorrespondingto activation

energiesof 71, 99, 146 and 177 +/-5 kJ/mol. The platinumcoatingshifts the

tritiumreleaseto lower temperatures. For the platinum-coatedsamples,

approximately40% of the tritiumwas releasedfrom peaks with activation

energiesbelow 150 kJ/mol,while for samplesof the pure materialonly 25% was

releasedfrom stateswith activationenergiesbelow 150 kJ/mol. In addition,

the low temperaturepeak (~800 K) is shifted slightlyand now correspondsto

an activationenergy of 71 kJ/mol. This value is in excellentagreementwith

the reportedvalue for desorptionof H2 from platinum of 67.5 kJ/mol[9].Also

the peak at approximately1073 K, correspondingto an activationenergy of

146 kJ/mol,is in good agreementwith the observed activationenergy for

desorptionof H20 from platinum[t0].

The fact that the platinum coatingshiftedthe tritiumreleasepeaks to

lower activationenergy states stronglysuggeststhat the rate-controlling

step in tritium release from lithiumaluminateinvolvesthe surfaceand not
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bulk diffusion. The platinum was sputteredonto the surface,and should not

effect the bulk propertiessuch as diffusion. If diffusionwere the rate-

limitingstep in tritiumrelease, the platinumwould have had no effect on the

TPD curves.

2. CONCLUSIONS

TPD experimentsperformedon lithiumal_minatesuggestthat tritium

releasefrom this material is controlledby surfaceprocesses. The release

occurs from severaldifferentenergeticstates,with the majorityof tritium

in the pure material trapped in a state with a high activationenergy.

Alteringthe materialby doping with Mg or coatingwith Pt improvesthe

tritium releaseby providingnew states with lower activationenergies. These

new states are believed to be associatedwith MgO or Pt surfacesites.
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FIGURECAPTIONS

Figure I. Schematic of Annealing:System Used for Measurements,,of Tritium

Release from Lithium Ceramics

Figure2. TPD Curve for Pure LiAIO2 at HeatingRate of O.75°/min. Dashed

curves indicatecalculatedvalues for individualpeaks; solid curve represents

total calculatedcurve; points representobserveddata.

Figure3. TPD Curve for Mg Doped LiAl02 at HeatingRate of O.75°/min. Dashed

curvesindicatecalculated values for individualpeaks; solid curve represents

totalcalculated curve; points representobserveddata.

Figure4. TPD Curve for Pt-CoatedLiAl02°at HeatingRate of O.75O/min. Dashed

curves indicatecalculatedvalues for individualpeaks; solid curve represents

total calculatedcurve; points representobserved data.
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