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.H ater-ials Scienu; and Tcc/ruoloqy Diu1.'lio!l. 

Los Alulno.'; National La/){)ratorlj. Lus Alarn.os. New Alc:li("() ;:) 754 ,j . ["S A 

ai;ed: A ugl1~t 11, 20(9) 

Abstrart 

D(' w-: itv fUllct.iollal t heory (D F T ) calculations of fi:;:-;ioll product. (X ('. SL (llld C:-;) illcorporat iull 

and ::wp.:regaLion in alkaline' C'a.rtll llletal oxick:i , IIf0 2 and r02 oxides. (lnd t.he t IgO j (f ' . Il l'. 0 ')02 

iut.n facc:) have 1>(' ( '11 carried out. III the CCUiC of U ()2: t.he ulklliatioll:; wel"(' p (' rfonIlf'd lIs illg :;pill 

polarizat ioll and wit! <\ Hllhlmrd U t( 'nn char(\c-t.eri:cing the oll-site Coulolllb f epulsiull Iwt.wt'(, ll Hl(' 

locali z( 'd flf Ck c:trollS. The fissioll plOdmt :"ollltioll encrgic~:) in bulk U02±.r have hcclI (""kll lak cl 

<L-; it fllll ct.i() ll of JloJl-s toicltiollH 't r v x. ilnd w('n~ (,OIllP,IH'cl to dial". III IgO . T hese (·, ti c1l1a t iuw; 

dC lllolls tTa t.(' tha.t, t.he fi ss ioll produc [, illcorporatiull cIl<'rgics ill lI IgO <ll"!' hi ;.>;hc l t lmu ill t H0 2. 

II ()w("~ \' ('L t his t rt'll cl is reversed or red n("c'd fm alkalim~ ca r Lh oxide:; wi t h lell'gel ( '(11 idll .sizC's, T Il(' 

sol Utioll C'JlC'rgies of fis sioll products ill MgO a[(: subs talltiall.v higlwr th<ln ill ( JO~ .u . ('xc!'!)! for til(' 

U ISC of Sr ill t he hypos loichiolllctric ea:;!'. Du(' to size effect:;: t.hl' th(' rt llOdYll;tltl ic ciri\ illg [orce of 

scgTcgatiol! for Xl' al!(! Cs from bulk !\ IgO to the f'. fgO j fl.uoritc illterface is sttnllg. H()\\'('\"('r this 

driving force is rci r\.t ivdy \\."(';lk for ~r. 
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I. INTRODUCTION 

ill OIdC' /" to close til<' lludcHl fuel ('veil'. ctcl\ allccd conccpt.s for sl'P dnl till~2; n ;-,s iOll prodllds 

(mI ll S]H'l lt llllC ll'Hl" bl<'l ,I!(' lll'Cl'SSi:UY. Ow' lllCtilOd fur doillg !l li::; is 1-1 dispc'ls lOll l1 w] fonn. a 

'olll jl ()sif c' ill \y /ti cll a H']Jl()('c';';siLlc iucrt. lllat.r ix caprures and illllIIOl)j li /'ps tlw fissiolL p roduds 

l'llUUlclti ll ).!, fr(J lll rlw fi.ss iil' core. A critical is,";(l(' of this displ'rsiou hwl (,Oll(,('Pt. is t he t.cUciCll(,\· 

of fi ssioll p ro c\ llc ts ! I) ll'side ill onC' p h' l.c,e or lLunt1tcr of the c'olllpo;.;i t'c' . 

III t h is papCL \ ',' fUCll;.;d Oil this issue in a c\C'lllOllstlM ivc' fuel design [)<ls('d (Ill CClcUXll(,~ 

('c Tcu uic CCllllp o si t l 'S , \ \'c llsed delJsity fuuctioned tlH'ory (D F T ) t.o IIlOdel t.he dd l'c ts aud 

lissi(lll p rulh w f c'ucrgc, t.i cs ill till' bulks (lnd at. iut,ertLcc's . P :-t1'alld ('XP('li lll l'll(; d c'fi m ts in~ 

\ 'o[n llg s.n ltlll'sis (mel iou inacliittioll !:>tudics of ,such cornpo;.;itcs have beC'u H'C·('llt.!,,' perforllled 

tI." \\'{ 1[1, \Yt> COUSiClC'lCci model C'Olnpositr's iu witich tlle ilWlt p itasI' is i\! ,C!, ) or a.Ild tl lC' ], (tl ka~ 

lilll' c; ·tb m:ici<' ( 'dO, SrO, awl BaD ), all iu ti ll' ro('k sa.lt. CT\' s t ill StI11l t ll ll', f or t lw Hss iic' 

plws(' , i b w it h t Il(' c'x jJelilllC'll!al effort. we begun with Hf0 2 d.S il SlllTO§(i-ILc fm UO:!. \VI' also 

stlld ied Cc '0 2 ,Iud CO2 ClS t.he fiss\lp plw.sc 's to c\C'tnlllillC' the suit<'l,hili iv o[ lH02 nwi Cc02 

us SI m( ) :2; (1 k,s COJ tIll' t rul' fissill ' C O2, All the li ssik pli.d,,)CS cOlls idcred Wl '[(' lllO( kllc'd ill t 11 C' 

H I [(Hi II ' ([),,')\ ,al 'it. lud llfe. Thel'e' ,L],(' llUlUPlOllS fissioll pl()ciw ts t.o cOllsicic'l' \\'C' ('oll sic !cICci 

0111\' Xc. C\". dlle! Sr wllidl ,11'(' rich ill sprIlt. fuels. Ki]leti('s m :ll ' i)2,llOlcd ill o1Ll' ulic ll LttjollS. 

n. 1ETHODS AND BENCHMARK 

\ \ '(" 11:-' 1· <1 till' d ticiC'llt OFT plclIlr~WcL\' (' h il.s is sd ;.; emlr VAS p 2 ill Olll' ((d( ILLI ! iOllS . T he 

;2;('IlI 'l ;'l li !'I 'd .~ l 'l , li(' l lt apPIClxi lwl t iou (GGA) was llsed 1'01 tite (' XdL<lllgE: C'OlTl'la t. ioIl po t l'lltl ill 

] lO.i cctm~i \ ll ~tl [('ll t ('d WitYC pscudopo celltials Well' (,lUll 1 ov('d, For defect, (,<-lic nl ,,! i OIlS. iI LXLX:2 

s llj li'n 'cl\ \ i W -; lls('cl \\ith (j.J at.Ol llS for "lkalillc earth Uletal oxiell''; aw l ~(j i, [ l HllS for Hf0 2 a lld 

[ i()2. i 1 k-poi llt ';;\' lllplill 1-', vms wwd ill these (,(IS('S. All ('cllliva\ c l\f k~p()illt. SiLl llp liug W:l1-i llsC'c\ 

ill r he iut ('lLl('(' c(\kulati 01 h , 

VOl S~' l l ' lllS C()u!,'l iuing D0 2, spill~polcuj;:cd GC \ +U lllethod \,'i l" IIS(,(1. III CGA+ U. <l 

lI nhbillC l Hd tll iltOllictll that dlill;Ld c'l'iz('s Oll~sjt. ( ' C oulomb rt~puLsioll j)('i,\\'('(,ll f 1](' lo('aliJ:l'c\ 'i f 

ckc I lOll'- is llsed. All d f('lt.in ' Ueff p,l,t'CUIlC't.cl' ( C~.J) ()f J.9(j cV \\ClS IIS(,C ill () lll c'rlk ! l:-l r iOl IS . 

G C .\ +: ll l'edi l'!,;'; all iIlsll lilt iug 1><.1.11<lg<1,j) illSLc,-lcl of the Jlldalljc' s1.;Lr(' pn'dic! cd 1)~ ' r egular 

O FT Ifll CO? 



h l Table 1. the defect fonne) t ion cllergw::; III '\IgO and U O2 clIC gi VCll:l.:J. i ll COlllP,UIOll 

with Cl \ 'rJ.:ilaHc ('x p cri ll lCllticll data. T hl' computatiollal IlletlrO(i::; C'OlT('cth' jJl<'( i i(' t llwt. thc 

dOl1Lirmllt. defect in l\ IgO is thc' 'chottky defect: while in U0 2 it is eUl Cl XygC '1l Frellkel P ili r. 

T he fOllllCtt ioll CllCl g ic'::; arc ci.lso ill good ~lglCCllWllt with experimellta l y,I11[('s . c:xccp t ill the 

case ()f the l m milll 11 Frellkel pa,ir. III thi::; (,(1::;(" it has lwell ::;uggc::;tcci tha.t the lll('rl ~ \ll elll('llt 

of fOlma1 iOB c'lwrgy. which \Viet':) frolll oxygell diffll::;iOll delta. i::; possi hly ll lldcn'stilll<l ( f'd 1. 

III. RESULTS 

A. Fission product incorporation in bulk oxides: matrix cation size effect 

The in corpor atiolL CIH'rgy giv('s the cuel'gy required to iWOlpO)(lte a !-issiOll p l'Odu(' t. a t.om 

iuto (-1, prc-e xjsti llg defc'ct si t.c in t.he b\llk oxide. Thus. tile il lcOlpond ion ('11 ('11',.' i::; defi ned 

ri lle E E E .:- = tot - t n;l p ,;itc - tiss iull produ ct :ltom (1) 

whei'( ' E l Ol is t.1l(' tot,Hl cncrg,V of the syst(,lll inc'Ol'pon'LLing I.he !-i ::;::; iOll product . El l"" sire is I lw 

energy ()f the defect systc'ltl wi tlrout the fis::;ion product, cLud Etis~ioll plOd lI e t " uw ' t he e ll( '1'!-'Y 

of t.he tiS::; iOll Pl'OcillC't ,') t om at iufinity', W(lS calcllia t ecl ,1S isolated i-d uIllie cOlln ilmt ioll ill a 

cubic snpercdl with 10 A in lC' llgth, 

In F ig. L t h e fiss ion p l'OchlC' t s (Xc: C s . ,lml Sl) inCOl'Jl Olat.ioll (,lle rgH'S III FI, lllllU1Jf'r ()f 

alh tinc eart.h lOck:;,Jl ts (T\ !g(): C aO , S10 ane! Ba() ) iLre plotted awl cOIllp:nC'd with those ill 

IIf02. Xc: ,'Lnd Cs arc fOllllel t.o prefcr the houud Schottky ddect ::; ites: while' :31 rcside::; Oil 

H (',LLion V'\(' <'\.I1 (, \'. As shown in Fig. L it. is clear t ha t, il"') U)(' cat iou l'(viii of i11kr-d inc ea r t.h 

oxides iWTCC1:-;es. there is t endcllcy of decrca.sccl incorporation E'll C'rgie::; for t be tissiOll prod uet 

X C' <lnd C s . III the (,(1..<; C' of S r. while this t rend hcgius for T\l p;O cLlld Cr)O. WlWll r.l J(' cat ioll 

st:;(' of til(' alkctlinl' (:artlr oxides iJl(TCclS('~ fmtilcL tlw incorporatioll e!lcr ::!,,':.' l't' lll .llIlS f-LH (ill 

SrO ) (w e! t.lH'1l illCTcc),')cs (in BctO). For :31. t.he incorpora.t. ioll Cl1l'rgy ill til(' a lk tlil w (',nth 

oxide::; is "d ways h igher than in BfO:? So while the highc' )' cat ion r i-H!ii lOcks. Llts m ight he 

good ( a n cl iclaf cs for Xc clIld C ::; , they Ill'I .\' still he llot good for S I'. 



B. Fission product solution energies in M gO and U02±.c 

III ca1culnt. ill ~ hssi()ll llroclw't, illCOl'l )(Jl'(tti()[] ('lH'rgtr's, it is cl ,s:-:llIllCd t hat thc['( ' , Jl'(' al 'xitys 

'1 \·n.i i:J.bll' (nil ) :-iik s for j,Jw hssioll pmducls. Th(' ellcrgy ('osl.s of tIll' fOllllatioll of 11[(' t rdp 

sit e i L(' l f is \ Hlt c()ll,sidcl'I'cl. At high blll11-Up. whel'e the fi ss ion product C()llCI 'lltrd l iuin i:~ 

high. II\(' fOllll a,t ioli encrgy of the t.r')]J sites needs t,o be (v'('oI1Jl t ('cl for. T Ile' ti ssjou pwciud, 

soluLiml ('llt' 1')2Y ill ux iri('s is defi ned (\..') t.ll(' sum of the fissioll product. inC(Jl'por l l-.j ()ll cBcrg\ ' 

plus till' forma t ioLl C'llergy of tlll' trap sit.e. T he' Hppcucllt trap siu' fornlil. tioll Cl lCl ).';V \ye).') 

s \l 1 lSI'q UI 'l lt,].\' O\)r a illcd through 

p, f onWd ion = -k1'1 (, [ Y']) 
' ( "' '') ~ I t ( ' 1/ - (2) 

whl'I(' [Xl is t Ilc <!ef('l't. (tntp site) COllC81ltra t i m l ill the system. [Xl is (ktc l'l lli\l( 'd hom 

11 11 ' poiut -dl'fcd -lllOcld (PDr--I) (1S origiuallv iut.roduced h:v 1\ [at,;.:kc" for !loll-s toichiolllet.ric 

( 0 2:::: )" 

A:-i d i:-; (, lIs;-;cd (' tll li e'I ' x . the tllC'l'llloclywunic cqlla tiolls ill P D fl· I ;'Lt'(' 

[I·[.] [h ] = f'T p( - E f p, / k1) 

[Vu]2[ t'H = cTp( - Ef /kT) 

( ;3 ) 

(-I) 

(0) 

(0 ) 

\\·h (']'(' [ ~ o . [10] ' [\ ;.J aud [h ] are the concclli rat icms of oX,vge n vaCalll'ie::; and int(:rc; t i hal;;. 

cUld urdlli ulll vu,c i-uHics <lud intcrs tl ti i:l ls respectively. Ejpo . EjPr . (),lld Et" ,1[(' t he f()r lll atioll 

C'llClgic::; of thl' ()xygc,lt and llntUlllt ll Frellkel pC'Lils alld Schot. t ky trio ( H.lJlc I ), C Ol [(' c' n tT at.iOlJS 

of add it. iOlW! trap si t e::; ill LIt(' fmHl of di vctcallcy SdlOttky awl boulld SdlOl l.k.\' dd ('cts ;t)(.' 

frotll t.l lI' rd At,i(lliS 

[D"V] ;... [V()][ li ·]cxp(-BOl/kT) 

[Sch] = [VO]2[\ r.'je.rp( - i3S rh / /;1") 

( 7) 

( ) 

wll('l'l' [DV]. [Scll ] arC' the C()ll((,!lt.mtirlllS of tlte clivC)camy Schott kv ; ~Jl(l boulld SdlOt.tkv 

dc[<'(' 1:-, . BOl ' ;(wl B""'1 ill'C tltt' binding ClllTgy of t.hese ddects ( ;GA+ U \',)li li 'S . :J. 0-;- eV 

and 0, 1 (,V ). 
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III F;~, 2. the C'o.H'('nuatioJlS of point. ckfrcts in U02±x at 17()() K from Eq.(..J)- (7) cler c 

shmvll. III t.III' bY[lost.oichiulllet.ric (U02-:c) (· C"t.'::>t' , the dOIllinmlt p oint, cld 'nd is j he OX\' ,Q,C' ll 

\,\.(,,',tl('\., III the hypenc,('oich.iomdric C<1.-';(' (U0 2+.r ). the dOlni w lllt p oillt df' f\.' ct is the ()Xy~Cll 

illt t'lslitial. TIH's l' pn'd ic-t ion:-; 'm; ill cxc:cllrnt agrC01 11C'ut with ('Xp el" ilw ' n t.al OhSc'lHll ie JIl:-; . 

III F i~ :3, t he ddect. t.rap formation cllcrgie:-; ill the nOl1-:-;toichiornetric UOHy M 170() I( ,il"e 

S!lO \\·I1. TIl\' form atioll cn(,l"i~Y \',II1[('s spall a wicl(, range. fro m () - 7 (,V. In l[f' h\jlo:-;t.()ich io­

mdric ('a~ ('. t 11(' oxyppn VtV 'iUlCV h ;-\"'S II I c lowest format.ioll cnerg:v. III t hr' hV pclst oich iomd1'ic 

("(-I.SC' , t he cl ivm:(lJlc . ' Schottky defect and uJ"a lliulll ViLCiU 1CY s ites have t he l()w(~st· forllw.t iclll 

C' lHTp;i(' . . d (!PI'lldillg on oxygell ("ollccntra lion. The fOullatioll t'llcrgi l's for these lowC's t l:IlC' rgv 

t. nl p sitt';'; (l l"P I(,ss t.hall :2.;") cV . (n .1\ lg0 . the ddc:ct trap format ioll eI1cr ,'.!, ics ,I!(' J.~ c'\ ' for t 1)(' 

b 01Wd S 'il/)ttky defect n,n e! 3.1.5 eV for l\lg VetC-alle\!. ~Cs illg the iucorp onJ.tioll clwrgics of Xc. 

Cs . am i Sr ill UO_C). HH' solution c\ll'l"~ics in both CO2 a lld ~ If(O at. 17()() K \\"('n ' ol!\ ,uu f'd. 

T h ese resu lts Hre plotted ill Fig. -±. O\'C'lall, t he solution ('llcrgics of fiss ioll produc t. ill I\ lg0 

arc slIhs t a l1 f ally higher than those in lJ0 2 • <:x("cpt for tIl<' CelSl' of Sr ill hVjlostoi dLiollle t.rie 

CO2 . wl ](,H' S1' prefers the illert mate rial over t Il(' fi ssile m atr'ri'll. Sincr U0 2 a,s f llrl is lc'ss 

liki'Iv ill its hypost.oichioHlC'tric st.a U', om calculations sllggrst. t hnJ t.\ wl"lllodYlI a ll liccdJy, t} t(' 

nssioH proc1w ts Xc, Cs. ane! Sr should prefer to rc::;idc ill the fissile plw.'1(, t hau ill the 1\1g0 

illert p !ti"!''''('. 

C. F ission product segregation a t the M gO j(U, Hf, Ce)O ::> interface 

In this sul);,'n.ion. we stUl!,V the pos:-;il lili ty of lission proclllct st'g rcga t,iOIl to tl l\' 

f\IgO / fis:; ik p Jl(1.')(' interface. For the intedcH'c ("; tlc1l1atiC)[ls , ,': C' aciol)t,('d a d ir('diollallv so­

lidi fied ellt r'c ti l' interface structure for ro cksa lt / ftuOl itl'. as clcotenllillcrl by h igh [('SOlllt 1011 

E1\ [10 The origilla.l s tmctmc is of an l\I~O / cubic Z1'02 interface. wi t.h the [:211 dirpction 

of IgO cll igllcd ,vit.h tll(' [100] dill'ctioll of Z1'0 2' Thc: in t,c 1'Llcc planes arc ( 111) ill l\!p;O 

(lJl(1 (OOl) in Z1'02 ' T h is sallle illtcrfa cl' s t-m et m e ,vas used in Olll pwviou:-; .. t Ilelv of t. he 

l\IgO/Hf0 2 int orfc-l(' c:l . 

In Fi,2;. ')<1,-]), t.he iu terfacE' structure betwecn I\IgO /tJ 0 2 is :-;hm'v'lI froll! ( \\ 'U IWlsppctiW's: 

[211] ,tnd [011] dirc'c tiollS ill f\ IgO. The: interface stlllctmc of ~ rgO/C(>()2 aud ;"IgOj HfO:; 

arc ::;illlilar. T he illt erfac c strllc tmc C"onsbts of eight layers uf cubic U02 i"mel 12 1(\,:--'c1's of 

i\IgO. with surfaccs tC l"l llina.tcd wi til v''\.Cllurn. P eriodic bOllncloxy ("ollcli Chm s \\"cn' rtpplicd ill 



all t hlcl' din'c li()IlS, with VrLC ll l 111 1 th ickne:ss ilt least wA. Tltr' slah modd \\"a,", (·onst.w ctcd 

to 11l l'S('.n :l' th e: L-ttt ic( : COllS t. ,-lllt of !\Ip;O ill t.he iut.erface dil'C'ctioDS \vi th til(' flllorit (' p ha.'i8 

:-; t.rail lCd (tlTOldi l1 ;2,ly. To pr('vent cubic-t.e l.li1i:',onal plwsc dmllges ill the fiuuri t<' phi lSC clue to 

Sllrfc](' l' d fcd .s . d ie fl llori tl" layl:rs were kept hxed exc('pt. for the two lavers Ilcar thp iutcrfc1( '('. 

T ill' ,"<' :c;rcp,clt.i ()ll of XC' . es, awl S1' t.o the rocksait'l-lllorit.t' in t('lL-H '(' \\"(1 :-; shlti ic 'd ilV <al­

(,lllat.ill~ j lw segregatioll C'lltlw.lpy of e:ach species ill it.s lllost preferred illcmpula t ion sit.e ill 

:\ IgO . r Ite s<'g1'cgCl t io u elltlud p,v is the: diffe:n'llC(: ill tot().l C'llC'1'gy hl' t WPCll \\ h(,ll the hssioll 

[llo rillC t Ht,O l ll is pl~l(' l'd in the lmlk-·likC' region in l\Ip;O in the intcr fi'H'(: modd awl WhCll it 

is p laced a t t h e illtel'fa,c('. At the illt.erfC\.C'e jcgioll, in the case of it fi ssiuLl pmd lld ill the 

houlld Schut 1.h' si t l' ,. thclE-' cue L l ll't~(, poss ible IO('(-ltions for the ox\'!',C'n va('aw'y si ft- ( :';('c F ig , 

Sa. laheli 'd ,ts ,~\ , B , C), l l1 tlli:,; (:(-1,S(', t.1 m~c ,"i l' ts of illte 'dace' ('alclllatiolls \\'('1'(' ('(l nicd () \I t ,mil 

t.he t.o t, ;Ll C' llcrh, - of cHch s tn ldl U'C after rclcL,-at.ion WW:i obtailll'd . 

T I)(' rc"nlh for sf'gl'cgatioll cntbaIpics for XC', Cs . awl Sl' arc :';\llllltwri!.cd i ll Tnhlc II, 

For X c' ~ l lbst i t lltioll eLt a bound -'cho t t. ky site, tl le sCI";l'Cp;at iull ('urli i'Llpy t.o t. h e int.c rfa('c 

r (-luge:'; from -1. 1 . -3.0 cV, For Cs. subs ti t utioll ~l. t th e bound Schottky sit<, 11<1.::; all illtl:1fac ictl 

S('gll '!',;lt illll "ntllcdp\' of -2 A -3 .:3 c\' . F illedly. for S1'. simple subst it u t ion for a l\[g (' (-th ull ha.s 

,Ut iut('d n( i;--ll !-;( 'g ITga t ioll clltlmlpy of -10 (\V ,1.1 Y\ IgO/Hf0 2, ,tilt! -(J.:] -0,--1 I'V i t t ~Ig( leo," 
and r gO 1(,(,0 2 , T hese l(,:';Il It.s suggest. tha t. . ' (' ,we! ,S will li h 'lv t.o ,segregate tWill 1 mlk 

~ rgO t o tt l(' 1\I g() / fl ll () l' it(~ illt,(, I fil c('. T h is is prcsll111bly rill e t.o the ]m gl ' "t l)j lli(' siz .,s of Xl' 

(llld ('s . H()w(' \ '('l. 1\l(' S('g1 cg(l tioll driving force is rdat.iwiy \\cak for oS!' whi ('h ha,s relativelv 

SItl illle]' a t Olllic ' ::; i:;, (" 

IV. SUMMARY 

DFT c ;tiC ll1r1 tj olls of Xl', S1'. and (}; lu('orpOlatioll aw l St 'g I'Q2/t1 iOll ill al kc-d il) (' eart h ltlcLd 

m::.i d('s , Hf0 2 Clnd l (h oxides, and t.he .\IgO/(U, Hf. C(')02 iu tCriiLC'CS 11,-1\'(' 1> ( '(\11 carr ied 

0 \1 r. D FT lllfl rlcl i llg dl'1lI0l1st.ra(.('s t.hi1.t. the hssion prod \let iucorporation (,11(:1gii'S in i\IgO 

(-\1(' hi gh!,!' t h,\ll ill Hf02, IfO\\,\,VCL (hi:-; t.rend is l'l'Vl'lSe:e! or redn('e(l fO l i1.lbtli Jl l' C';Lr t It o:\:icl('s 

with liuger catioll ;;il.('s. T he sol1ltion cllcrgic's of fission products ill r- I!',O rui' s 1l1)sttl,1lt. ictlly 

higlw1 t helll in ()2±1' , (' X('Cp L for the (" LS(' of S1 in t }w hypostoichioltl<'t. l i(' C'Cl.."i l', DIli' t (l :-; i l.(, 

dieds , l,h l' t.l ll : 11 no c\vI mllli(' driving forc(, of sq;l'P!--,:ittioll for Xl' Clnt! C s from b u lk 1\ Ig 0 to 

the 1\ fg O I ft uoril (' int ('d a (, t: is strong. Howe:ver. tiuc'h dr-i Villg f()l'('(' is l'd'l.ti \'dy \\"c;tk lur S1'. 

(j 



T he D FT n~s 1l 1 i s suggest. tlu·tt fission Pl'Oc1UCts cOllsidcred t ( ~nd to prefer the [iss i l(~ p itclS(, 

[)H~l d ie iw'l\. wcksa jt plicl.c;c ill most cases. However. there' is rt.\SO scgl'c)";at ioll effcct for 

fissio Jl products frolll thc' illert l\ JgO plicise to the 2I. JgO / fi uoriLe illtCrf,·\C'('. T he sq~r('gatioll 

t Cllci( 'W}" for fissio n plOd lIe t s fro lll t,lw fissile l)has(' to the 1\ IgO / ft limite iut( 'd acc is Ul l.k!l()\Vll. 

Huw('\ '(·!. hom a llotlwl OF T stuely of Xc segregation from U02 bulk to g r(\.i n-ho1lllda rics 1 1
. 

it is a.bo pussi hie that. s l1ell scg rcgcLtioll tr~nclen('y ln 8.V exist. 
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TAJ3L ~. L D l'[('(:[' ['OrJlmtioll (' llngics ill .\ lgO <LIld lf0 2: (·olllpa.n'(1 wit h nvuilahlr- , 'x p CriUl(' llt.al data. 

II Ig,{ : IllHgw 'sil l l ll a lld OX.Vi-';C11 Fr(,llkcl pairs (IIIg-I·P alld O-FP ). isohr\'cl Schottkv pa ir (Sdl<l t fky). 

Frl' llk(' ] pai rs (O-FP alld U-FP) , a.llr! Schottky t r io d ,, [C'ct. 

:\ Ig-FP O-FP Scl!ott.k,· 1)- Scliott.kv 

DrT (cV) U2 

. j - 7 

O-FP U-FP , '('hol.1'ky trio 

IG.O~ 7.(j 

E xpt .. (CVf' :LO - 4. fi S. !) - 9Ji 6.U - 7.0 

T · 1 LE IT: OFT sq;; ['( ~ga fi() l1 c lltlmlpics for X", Cs: and Sr af l\IgO / (U. HI". CC)0 2 ill\pria« ·. Fissiun 

p r O(t ll d r1d<'d s '1,1T' ill l'i:l'iigcr-Vill k not.at iotl. I~ llils ;\n' ill ('V. 

Vu si r,c t\ [gO IIU ):< t\ I ),';O/ CI'02 '\ igO/t O2 

(\" " \' '' r . e \!g : /0 . A -;~.() -1.7 -1.:\ 

J3 -1.9 -1.3 -l.1 

C' -1. 1'\ -1.7 -1,:\ 

rl: ' , " i Mg va) A -:1 . . ~ -.·U 

U -:1.0 -~ '.' -2.--1 -U ., J 

C -:2.--1 -:)2 

S' .r . 1.1 f fJ -1.0 -OA -O : ~ 



PIC . 1: X I'. Cs. a w l S r illcorpor<t.tioll Clwrgice; in a.lkalinC' ('((rttt oxide's. ill cOlllp <lI"'i ioll \\"it lL ill Hf02. 

FIG . 2: P ()illt defcct ("()llcclltratiollfl ill U0 2±., : predicti()llo; from l 'DT\ I modd ,Utd GGA+O (',1.1("11-

lations . 

FI ' . :): Dd('ct. trap fmllidtioll clwrg"ics at 17()O K ill 1 T(h ± J ' 

' IG . 4: !-) O]utioll ('ll(Tgics of XC" C e; . and Sl' Jll U0 2-t l" in coll1pal'iSOll with t!tOS(' \'<1il li's ill l\ IgO . 

FIC . :l: (color oulillC') T\ IgO/ U02 intcrfac(' model «1)-(b) tiual rciax(,d iut('Tfa('c st.rnct ur(' . \' i('wed 

from (a ) t. he [211] directioll. (b) the [On ] dircctioll in i\IgO. 
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