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THI: ]'v:I':;I .. rING-DIFFUSlOi.~ CI)EHELl,'J'lON IN THE PLUTONltJ1v1 - ZII{CONI~.Jl.1 

.ALLOYS 

J 82n-P ierre Zanghi, SEA~:_~ , CEl'1/FAR I r on tenay - aux-Roses , France 
Daniel C al~is , SEAMA ,· CE~/FAR , Fontenay-aux-Roses , France 

Th e activation volu~es for self-diffusion o f Pu in b . c . c . PuZr 
alloys (10 and 40 at % Zr ) have Leen determi ned , so that we c ould 
c heck t he va li d i t y of ;\'ach t r iob I s n1e 1 t ing -cUffus ion con~e 1a tion . 
Indeed , in the PU.-I>. 0 at c.; Zl~ alloy , I:lhich has a prcss\1n~ tcrr.pera ­
t u,re phase d iasr::>In whOSE: liquidus h<l.s a POf:;it ive slope , v:e Iound 
a positivE:! a.Ct"iviltion "0] uriC' , \·;l1c' J~cas in pure cPu where the sIc-pc 
is ncgativ~ r the activation voluffi~ is negative . A self-diffu sion 
mechanism in Pu~r alloy s is proposed. 

I - INTP.ODUCTIO~..J 

'1'he study of sclf-·d i £fu!3io!l. und8r pressure of b . c . c. EPU I whi ch 
'vIa s CC.!:LTied o ut bv Cornet /-1 / in onY" labor <Jtorv I sllo,'Jed that.. the 
1" die of se If -d if :[u';ion inc1?c2:ses i'li th pr es!.3 un:: . 1'hi s acee ler « ~·. i on 
cOTre:;::.pv1uS to a negative <.:ctive.tioTl \'olu me cC1ual to - 4 . 9 em3 ( i.e. 
- 34 ~ of tile );'o1<Jr VOl.l.1~;lS). This v,:lL", E: ~;.' hic!l :i.~; a.stoni sh ing sinc~~ 

it j.s the first Lin e a negative activAlion vc,lui,te is obse:::vc::.c I c or­
re spor,ds very \".'c:11 \·lith t he OJle ( - 5 , 2 c m3 ) giY'2lJ by Nacht.ricb ' s 
cor rcli:.,tio;1 {--2_1 
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\,,'h er e {O, H is the uetivation enthalp~:' under Cl'L; i~o;:plwric prcssl.:.:!::"s Cl!l.d 
T .i. s the F:elting l loi.nt a.t tbe 50:,:-.. :; pressun:~ . 

Tn 

\"ie unc1c~~took -::'\','0 58r ies of r-~):p2rll'; , :; r.ts to clH:"'·2}: wl:ethcr tr-.e slope 
(dT I un ) of the l icruidus of th~ pressure - temperature phas2 diagram 
, m ~, l' . ' J t f . 1-- .1":- , . [ 15 rea.l ly Cle"CerIl11n2.!l": .0 ·0re CaSt L,e Ci:r:ec"C c pressure on t :' e 

co c> 1 f - ~ , r r l ' . t' c-> t 1 1" '. c· J 1 \ - ~ , . 1 ·1 /-3"7 c ' .. - -~ ,. r ~ l­... .:.~ _ ( .. 1, J.l.SJ.on 1-2 e In a m~ a ., _l.l _'L- .. l J..JQnc.:Ul~.~e , ,,,,flC) .. , ..:;,,, L- . ' "'"' _ 
o- ccriurll ( the r.-:e ltin9 poil"'t o f 5 -·ceri lnl c1ec;e Cise s ur.dcr ~:ress ur :~ 
like t he one of l-plutolJit:l.1) bc:.s 2150 a ;:e0ClLiv8 acLi v;::C~ ::. .~!! ;J·O~.L:·.-.~: , 
J~ften-.'CE'~s -i t i s the Sllbj cct of the ~)rcse;-::-. ?C:~·JE:!::" - ',-'e i . :'l"'::e;:d(-r~ tCl 
( : } (j~! ~j. : t-L.I~:: sigr: ()2 'l-L(-l fil(>r<~ cf Lr: ::; :':: ,,:~"L~':" c~~: ~,: c: :.> .. -:.- !; :CC.7: '.,:, :.-~ - :":.::":­
p crc·ltiE-C phase c1iagri'u-. of s-'plutordum ;)y adc:insr 7.i::--co!"J::'-';:~·' .:.r.d then , 
io stU dy the salf~diifusjon of ~lu~o~iurn in these alleys . 

Firc tly this study involved the determInation of the prassura - torr72-
r ~turc p1.2:SC di<HJr ("n1 of SOi:'C? P""J.Zr a110':5 -:'0 kr,C;'d "t.!:C sl c?~ 0:: t. : :,-:.~~ 
so1idu ~ . Then we cvaluotr·J the ~ctivaLio~ v01u~9 fc~ scl ~-di~f~s~~~ 
of Pu in these alloys. 

'l'he pressure-tempe.rature phase diu.9.C<'i, lS of L:o P1.: Zl.- all.oy3 (CG~:'U.:. - · 
- nins JO and 40 at ~ Zr ) were determined by differen-:'ial thsr~al 

ai'la ly :=;is . This 5hdy , · as \·i211 uS t!; 8 diffusi:):-l anneals u:-de:::- prcs~\1'­
r e ' .. : 25 c,-';: riC'c1 O)'\.. j nilS: nuJe-,·+.:.C'r:'! l)js"\."O) ·!-cvli:'c1cc 2' ·'-··~~.:r (~tt:~.; p~-(:­
\ ... ·i "')~~,,::~l '.,' (:~':'~_'.(,l-,~ 1.C .: !/- L; . . _/ - CCi" L~·',j !"J:;'(!, ~'!'l it glc)\-2,-j~~,. ,: ~ .. ";:'C\':·~ · ~':._,,- j:- j ('::; 

, r;" .:. 1 : .... . '~ "1.' : L' .;. ·1 ~I t ~ ...... i. ~l "~ " ( ~:) :"1 ,-. . j t· ~ - ... I ~ _."~' 

sen"l...ed in clGtt:1il by CornGt L 1_1 . 
, .... , 

• " :'~ ': ~ I "', J . \', .. ,' I ,. , (i', .·: ,-: : 

J .. 
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by the py~c?hylli.te which was used as pressure - transmitting ~e ­
dium . Sa that e very sample was enclosed in a tantalum container . 

'Temperature was measured by t:wo ta~talum-sheathed ehrome l-alumel 
thermocoup l es . Whenever necessary , we took into account the effect 
of pressure on the the r mocouple emf and made the ten~erature cor rec­
tions as determined by Chen g , Allen und laz&rus {-S J. 
The diffusion c ouple \vas fo.nned by two alloy PuZr c ylinders (5 111m 

di am by 1 mm l OllS ) \·,ith the ",:l111e Zr concentration ( 10 or IJO at %) 
but with different Pu 240 (X emitter) percentages . The two sorts. 
of pl1..1 l:.onium that '!.'c·r e us(;!d to prCr'1rc" Uw alloys re sr:.c· ~ :-. .i.ve ly 
cont ained I and 28 at % Pu 2riO . \·,'e observed the I'u 2·~Cl (1iffusion 
by c ounting its X activity ( J.7 keV ) with a scintillation c ounter 
and a I1CJO - channel analyzer (Int .rtechniquc; model S:~40B) • 

Th e detennin,::;,t ion of the p'~n( l::rC'lti("Ii __ profil(:"-s \'laS pel-f orm8d by USi~lS 

the gen erft lized Gruzin analysis f... 6 __ / . 

III - Di~TEn(UN1\ 'I'IO'\! OF TCl:; PF.L;;:;f.:C j~L-'j·E: ~p r:r::7.'I'Cl·:E PflAS:C 
D Il .... GRlil,l CF PuZ r (10 P.1:]) <10 at',, ) hLLOYS 

Si nce th(~ aim of this study was to ch,:"ck \'lhet.hc:r a C:'lOrlSC of the 
sign of the slopc of the liquicll:s of 't:l~. p . 'I' phD~, e c1i ,,:Cj':>:i:i:1 of (I'u 
dU E! to :0r t'.clcHtion: ,. , a.lso n1 oc1ifie~~ the ;:;ct i vi-lt.i.o!1 Volul~'te sign for 
s e lf -c1j[fusion in this ph2.~:c( vIe jn\:~~s-::: :is~tc:d onJ)' t.llC! c ):cgion , 
disr egarding_the 10\'; teltl[>er-at.llre pk'..ses U:;;, 8 , 1 ). Liptai dnd 
Fr ield] e / 7 / a J ready noticed th a t '1'i ac.1<1i tio") s (l, 3 , 6 at %) n1a.de 
th e slop2 oT the solic1us lu~ s arId less j'jegu.t:~_\·~ . 

rrhis invC'st ig at.ion was made .by diffcrential therllla J. analysj.s. 

The r CGuJts are presented in f~g. 1 for the JO at % Zr alloy and 
i n fig. 2 for the 40 at % :~1.' 2.l1c~· . The tran ~d:c.)Ljt·lat ion tC: ~.i.x~r.::::' t:.l~es 

o bserved under atmospher ic prcssure corresponc1s fairly well with 
those of previous publications {- B_7 . 

The IDelti.ng of th e ~lloys was very difficult to observe , especially 
i n the C E.:.SC of the 40 c.'o.t s& Zr alloy. F un:hE-n:.ol:c this ' alloy f'·:;J.'.;s 
CIt. hj . ~:h tC·)T;.,e raLuJ'c s ( 9 S 0~C u ;1c1e l" at;·.~ o~!)"e2':"ic pressur e C!;l d. cbO'll-. 
lO O(JoC at 10 kDc:tr) vln:i.cll r--(,,::J\. :~:, c; c.~ lc,::: t (;'c..'..:r'.:.:; c:;:".:.d: j_CJ:-: C' : - ',':,'.: ',-:: c. ':-· 
FO~OU})] CS. O';1ing _ to Uw latt(-~)- reason, the solic:us points of each 
2. )J oy vo r 0. c.et.Crll' i.r~ ('.::1 at. the f i 1.' 5i.: r. CD U.n 9 run. 'rhe (H :;:~ .. i ClJ. H.y 0 ~ 
the C):rJ(;l-in:ellto.l ·CODClJ..liol-.G sho~\':n c;.)uVC c;':~~2 .. . i !1S --..:.~~!e !:.Jc..c!.)~ t::r:L : ·. s.r c: 
t he soli du s poj.nts obtained here. 

l·je?l1·",'hil c v;e clearly See (fig . 2) thct the slcp::, of the soljJ" _1s c:C 
th e 40 at % Zr u JJ cy is positjve. This sloce lies between 3 and 5 . 2 
°C/kbar . In the case of the 10 at % Zr alloy , we cannot r~~e ilny 
st~tc<.'2:-d: about t.~12 S.1 S:i of the 510;:)0 of the solidus. 1'.11 we c c:n 
s ay is that it lies bctvleen - 1 . 5 and l "C/}(bar , Uwt is to s ay nc.;::::~ 
z ero. 

Th e rnc:'lin result of this investiga.tion is that 40 at. % Z1:' I1 _.3ke the 
~} (::~., c;f "'1.:_ 1-: (; £01 :'(;Uf' of r..l ) :J T~osj Li'/c . \':2 ' pre ~roi.!1g· to ~ ~,.:(~ in t11(,! 

L :--': t. c: ~J~·:':'cJ' ·,':> .. . _~~·I!_~~ J..:. :: e .~ c~.-:;-" : ' ·j. r l: l \ '(\)lr:c"t ; .. r:."".- ij;f~ Sf'J~-·(~~.r:l~:~i:,~~; 

of .. ' 1)'1 J\o . ~'.:J :':~l L :!:' : .. ~_,:'J,:</ 11-' ; . ...... \,- .. ~ 1 " i:'-j_\"'-

". 
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Fig. 1 - pressure-tcffipcrature phasc 
di aqrc3n1 of a Pu - 10 at % Zr alloy 
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Fi~J' 2 - Prcssun~ -t ('rnpcrctur ·,:: 
phase dj agram of a P u - 40 at ~ 
Zr c:. J.l cy 

IV _ SELF-'DIl'FUS IOi-J u~mr::H HYDROS'1'i\TIC p r',=S~UR;: OJ:' I' \ ~ 
IN TE.c puZr I~LLOYS (10 i. ~'~U 1 0 at ~ Z?: ) 

I V .l - n l2~, ult,s 

O'~l t n g to the small diffcrencc betvie e n the X activ:i ty of the b;o 
s orts of pluto n ium u sed , the u ncertaj 11ty due to t he counli~g s~a­
': istics i!':; th e la :csc~ ::-: t , ' if wc cor:lparc it ,·ii ttl thosc int1,- oc~ncec1 by 
i.~ H~ p E,nc:tration mc a f~u.r j,ng and by t,hc lo.ck of p C~ J:alJc:lisrr 'DC';:t,'c:-:n U .... c 

,d)rC1si;:):J !Jldl1c l":'lc1 thc ,·.eJ.ding pla11<". 

I n the stu~y of th c self -d iffusion of Pu in th e 40 at % Zr a lloj , 
t \,;O i~ ... othc~:L.::; VlC~ ]-(-: ll~ ,:,de : one at GtlloC «nd the o:-'Lcr <" t 622<'C . T;~e 
c1i ':;: fu.~:i. o!i co(''-:i:i,c.icn'',-s aLe 9::" ';0 ;1 j:'l 'J '<:':) ]. (' } . ~:, ~: c::' <,; :.:---3:"'::: ,- ',: ,, ::-:-, 
activation ent~alpy and the frequcncy fa c tor under at~osp~cr ic 
pressure \!ero cO~D~Lcd ~rcffi ~a~s ~ rc~2 L~5 ilt fi~c {iff~rc~t t0cpe~a-
Lu:ccs . \':e fot:nd o\.:t 

Q = 29650 ± 3100 c a l/mo1e 

and D = 0 . 04 +0 O·_lO' ~ cm2/~ 
o - . -' 

'1'11e !>.:cr hc '1 iuS plo:-. 'Dt atITlospheri c pr:er; s urc Lo~; D = f (1/ '1' ) j s ;,)!' C: :':C!'!­

h!d~ip £1.9 . 3 . On f.ig . 4 \'!C gi ' J2 t:---:e t\'IO stnt1,?h t li nes : 1.0'] D:::f (p ) 
....... 

,]:/ t l lC ) .. ,~!~-:.'; c/ } ' ;.; .',- :,, 0u,;:cr"; -,'r ·C>, l ,'., J},::b.:r', 'l.. ~ -':: ::c1J e, ,::L:',(! c,'.'" c·
r 

\7all.-c or l- l u:.: o.1..1..~~\ (. ,- C .:_ 0 ~· .I. U..L ~~ . . . \'" 

t.v' = 3 + 1.6 
. . 1 . ) 

I 
>. 
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S e lf--diffusj_on under [)'e:-:::';\lre 0-;: Pu in a Pu 
IJO at % Zr alloy 
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Fig . t) - 5elf--diffusion co -:.:;ff .i.cienL:; unde r prcf,2urc of j~u in a Pu 
40 at Z; Zr alloy 

o r wi th th~ lTio l clr volume C.:.lJ cu lc:.1_tcd f:r: ()l!1 th ( J. Z"ttti cc p2r:ll:i.:::ters 
measurc' c1 by 1\1arples L 9_7. 

-:- O.l~ 
~v/VM ~ 0.2 _ O.O'l 

We did not include the correction t erm : ~V = RT XT YG ~ XT is the 
i soLhcnt1 :l1 cO l"ll j.:;:rcE-'sibil:i.Ly , Yr; the C:-U1l8i .. s:.X CO:;::;t:lllt Cl!1 C! R is thc""! 
g as c onsti..lDl: ) in c<t lcula tins r,V . 

\ "r.:. 0.'0 1'('- l 'no" CJ· J-"\.jr,r X OJ" "'Ii fe '" 011. a JJ o-' h\..,J- ,-, '-, ,... .~ .. ncti -"" " ' - r-..... l )~. ~ I. .. L_. ~ • 'X' - I G - )-- , -. -- 1 I ., L Y. >- \. (".)1 ,-",' _" ,<. L_. 

f':,V fo r pur~ EEu Cit 700 C (v.' i"fh \ 'J' :-:: 1. 7 x ) 0-- 11 C' 11
L /c.yne I 3 

Y c= 0.1 5 / 1 / a.nc1 R == 8 . 3L :~ 10 :' crq) . Vie c on~s to : [:X ~ 0.2 C ;-,l 

wHich repr~~e;ts 6 % o f 6V == - HT 8Log D/ 8p . 50 we can fieg l ect 
f':,V I fi r stly b ecause th e uncertaj.nty on 6 V vallIe is approximately 
50 c % and secondly ~e cause the 6V value that we c~lculatcd above is 
c ertainly a maximum·va lu e for ou~ alloy becau se Zr ad c1i tions are 
1.ik e.J. y to dccrei.'.;;e th('_EPl1~col,;press;ibiLi- ty (>: '1' = 2.] 3 x 10- 1 2 c D2 / 
d yne fo !."" GZY at 9 00°C l 11 /l, 

In th e C d ~;e of the 10 at % Z r alloy , vlC S ~L ud ied on ly one iso t h e r m 
at G50 D C. The di f .fusion coefficie~ts are presented in T~Lle II a~d 
th e s',:Cc?:!.9:.t lin0. IJo':.! j) =:. f:(p) i E; C;:' \- Ul L-j fig . :.:, . i':(-! (:Ci~cJL_ ' .. c.:: 

+ 1. 3 3 t. V=--- O. 9 .- -1 i C' ~.' 

--;--~-- f=~- --p~~~i ~?':-T c_~ -:-.--~----~--~;;j;~~£l 

1 . 05 10800 
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'Fi g . 5 - Se l f - diffus i on c oefficients u~~er pressure 
o [ J? u ina l' u ' .- 10 "t :" Z r a 1. J ~// 

o r \-,rith tl " ,~ !~'lol2.r volume derived from the l attice p:~,rarnc:t(;rs o f 

t-:~:rp l es L s:_7 
1, \ 7 / V == - 0 0 6 + O. 0 9 
Ll , M • - 0.0 8 

For t his 1) J u ~~,on j Ulll-r i eh C1 l 1ov I the corr c:ct ion t, c;-J:~ t, V 
no t v ery ~if fc rcnt f r0m the ~ne of pure E~U ca1culnle g 
(0.V ~ 0.2 Cli\3) . It t ends to m(JJ~c tv l ess neo ative : e J 

A _ 0 7 + 1. 3 3 
u'! '" . ' _ l . 1 C )(l 

+ 0 . 09 
or AV/VM ~ - 0. 05 - O.O B 

I V.2 - Di, scuss i o n 

i.s F -C;) 2h 1 y 
<-"bov2 

rrh e mai n resu l t o f t h i s investigation is that the acti\'Cltis:l \7C: l1.:
n

',c. 
f or the s c lf-diffus i ofi of plutonium in PuZr al l oy3 cont &ining ~O ~~ 
% Zr i s p ositive , ,~s could 1;.;:; j,;-d:e)~ecl iro;{l t ile ; ;C)~,;j, ::':i. vc ~:h.~ ; ':~ 0 .- J,: .: 
solj,(:\.~s . 'l';',c:n.:to:'c ths ;:'c: 1U,n,-1-(~ if:r-,1 s j0 !1 c()rl "':~~2. t:i.O:l ( (,: c~" G ':jJ):::' j) 
j S q\.i:J, ::i'l', ~,:" :c}:v tn,1c . !~ q Ur, n:',jt2, t::',"~: cc,,':, ::~, ' f':>:,' >',c'c:- :; , ~' ~ : ,>.~ ~., ~:' :-:' ­
cult t o G:.: t<J!) lish . On the on~ h~'r. c1 b ec"'..lsO tr:8 P1'8s c

''...l1· c l. '.:: :':-"21."2, l':Ui·~ 
pl1 0C<~ <J .. i.a~p: <'; "l is not, },:--t Cl':in ',i l h ~"CC'_~l:: c:/ and O:-J thc~ other h2:n ::i. ~' .::-
Cd1".;. ~;O '.-iO ( ',l) 'H.J L.. ~;, nc:' .. : ',:lle, -:" L<..., .. :,.:-_" C , -;..'-=-::.. ~' : ',-, , ~- ;- ::: ,-,:,~.- :; :~ c; :( 'T .' , ~: _, 
eC)u().tion 1 : t he solidu s , t,bo lisuj_d 'l~ !':.; or. an intcn~:o(liL',tc'). ' t(= j ~L~')el'il tu­
r e ? In t tc ~:L'l~C:'l o~ '_>,e s-.::'2:;--j::. ~;:'-" s::c:-: ::; <:~-,o ! . r. , _~')::: c'.J_ l~'·:; ::?-::::·:~ '. '1- 5,-, ', 
e t III L-U I 12 7 ch:)£:,c tl'!e f:~l:G''':: 't c--:=)C] __ 21t',~:"::: . if ' .. :0 t 3 :-.0 t>? :- ; :':, 
tc~:)"'~ -,l- ' ,,- ~> +-00' tl'''''' 's to -';-> -'1 '.T' = 93Soc lC::.::.'i.C:C Cit .. :':.osch(:;.::'-:"c ::::c -::o s;: ~: -

• J, L ~ -: ~ : ~ "-, ;-; ~ ~ ~ " , ~ _ - - .,,' , :;, ~. :~, ,1 ; " 1 ~-, --, .::'::. '. --.. . - " , .. , ' ~ 
) , C , \,:LLl:J I.:.J" _ 2-,6:)0 cdl /I..o le (.I .. , ,, .5 < G ... /u.~) <.. ..; . 2 C/}.b,-,~ , \' , 0. (:,-- ,_.::.-].1 

3 O
il C "1" :5 < ' \' < c:, 2 6 c~,,3 •. , '~ '; . cf") ..... v-::.r ...... o~"c C-i 1"1" "0 1 J'- ,.}- '· 'T • ',J " ' .. 1 '6' - -'" , .. L. e n ~, ___ e;-, • . Ct_ 1.<> __ ) \ ,, ~- , loO "',1JE:.' -, . 

v - lue ( I V _ ..,1 • C'Tr 3) as a" ':>'c' r " -'d 1-1-0-·' 11--" .r: [ " ,' r" l" ' r. ~ ~"" -""~ · a u - ">- J. .1 , d ~ e\..' . d lrl~ _ , .. I SC - (,J_ J,J..U ;,,-'- _'~ ' . ";;.;,,,,"' l_,L'~ .. . _: ,- , " 

In th e ca sc o~ the 10 at % Zr alloy , the eor~el ation is a)_so quaJitz-
t i vel y ve r .i. ~ i e c1 , b P. C a u ~~ c d'" / r1 ' ) ~ n r1 L\ \l (). reb 0 t h n r, :"11" 1 Y "" -- c ~ ln \...4.) Col..... . ... - . . " .I.I....,;Uj,.. / .. t.....:.L ~ . 

r.tl'.:- ' ~':' - '- " .I "t I:~~ L .. ~·: li- 5~-~~ . · · (' ~ . f~ i:~ j,.:;1~ C' () ~:-1 f. } ~·t 5 (~ n is ~ . c ! -_: ~_:: ~5_ r.:> "': ( : ~ ] e; :, ,. . J 
(; • _ ~I'I,. ~- ~i t. ( _. , -, :~ 1. C :, .' I - 1 ~ rj L : " -'L >:- ~-: '. ' 
of Pu \-Jhicl l gives ri~:e to thE:: negc,tivc sJ.ope oj: L../J '''; U ' LI J~" Li_cG\.. , , 

and also to the sign inversion of th is slo pe when adding z~ , gj vcs 



, 

, 
rise ,too to the negative activation valu! ,8 for s2 1f-dif fl', ,~i,on and 
to its variation wi th ~r addi -Liors . \.\'e' t.Jlink thc3 t this p:1ysL:::al pro'­
perty i s the weak localizat ioi: of the 5f: elecL~ons . 

It is generally assumed thet a contraction at s~ ltin g (l iq~idus 
~i th a negative slope ) can enly be accou~Led for by ~n el~ctro~ie 
t ransition \'lh ich i s for £Pu an ele c trunic prorr,otion fro;:-\ t:he Sf to 
the 6d bCin c1. In the same vlav, Cornet /-1 7 e:~'iJlcL)(3d the r;cc;atj vc 
activation volu 1e for self-~1iff1..lsi6n In -'£Pu b:-l aS3uming that self .. , 
diffusion takes place by an in terstitial mechanjs~ with interstiti~J 
atoms rcd lcing their size Ly a pro~otion of t~o eloctrons from th~ 
5f to the Cd hand . 

As we did already to e>:plu.in our r esults on self-irradio,t.ion of tl':.? 
PuSe allo:/s ! it i~; pos:: ible to d eve lop Cornet I s model . \ '~p th in' the' ':. 
the in terstitial a '[',o:-C! com min.il:~ j,:<'c its <.lisLorU,oi1 e:''jer(J~' Ly cre.:!tin(j 
b or:ds (eoL':},'urabl>2 v.'ith those fULlLcJ in c~Pu ) \·.'i th i ts rwi~ ; :,::) ':'11l,-S n:',"=l 
by bringiiJ.:~! forl.h the:; [on,l<:";tion of bO:ic;s b e t'.: c':''''.-l ti! ~ , :~ c.; : l..: ';S:! · l:; \f,1j:: I 

by u locC1 1i:c.cQ cnhDllccrn,,=nt of t hE.' d-f h'Cb:cid.iz;-, tion c1 -...~e to the \',; e ;~>, 
loc C1 l izi:lLon vf the ~;f clecLro:1s . Thm, tlJ " ;-oj",', -: ~:i GJ C':i :;:~;; J:-:y of 1.: :.. 
intcrstitic,l atO!'l will b e dr':'!cl-easeel urIc) jts fc)rn': c:tion vOJU:",2 ':.-iJ.l be.. 
ab le to be D(.: gative . It is c) car thc,t the prc~; ('::cc of z}: atoJ'~; i·,rjJl 
d C: ' CJ:-C:l ~:G t),::'s possibiLLty. CCJI)~~C ':: ~18 1,tly the:::; j~. '-,:1 inc:!"::;',:,? c.f t ,: : ',: 
forn0tic~Yl vohHne D.V" which 'odC:S ncgCltivc anel -.. ih:i.ch bcco;;'';O.' :3 c;:,aC:1..!2J.j::' 
positive and so it Is for th e act i vC1tion volucc tv sirce ~V£ reprc- ' 

.L 
s ent s the ! 1I0S t pc;.r t of /::, V . 

The [ormation cnthi3,lpy of the inJ,::ol.'sti tiC'l l ato:~; inc~:ease f,; vl.i..t:h Zr 
au c1it i o!ls , 1ik("' t,v

f 
cmd them it is pos~;iblG th a ~-, t~.e vacc~Ylcy ;'['8 -

ch <:!nis:TI b C CO,~l-::~ ; el~c~rgetically )-:> Cl'e Pl.-Ob3bJ,e t~::;!. t~'8 intc:::-sJ.:.iti~J 
mochan j, ~, r,1. 

Th cr~"fore the self-d iffusion r:~e ch c:-..nism that 'Ile propose in sPu c::nd 
in PuZr aJloys is : 

'fl)e.! sel~ · -· (.!i f£usion in £Pu t ake s plc:.ce ' by~ n1!.:;2.!,:S of iT!t(~ ~st:i ti·~J.' 

atoffis ~~~ probably ty a very c orrelated int8rstitialcv :~8cha~i~~ 
to e xplain the very low frc~ue~cy factor . 

The for~at i on enthalpy of an i~terstiti21 atoD ( 2~d so it is for 
r- _._ 

V E ',- ':;' 

C o~s e0ue~tly th is inv~stigatio~ ShO~0d once Dore ~hat the ~81ting­
Cii : i·~.:~i.c:-: cc.::l"c:J.c~ -~io:--! l.S '~· f:r:'[ _;_ :: ~-, . ~~ :.. lec-st 0:_: ~-:.l:J:..;-tj.\·-:::!,~~ · :~-. 2_ ~ ~ 
tf:(~ otJ ~.>:.;.:-'.,,-€d c;cses, (; .. :;pcciEtlly in t.:-.c c{. .. se Cl:' t} .. s:=.c \.21.-~/ l12.l1, ... ; .... . ~l(;L:. . .. 

n'~ t"'l te.ls \·;hic11 })):esen1: a n egCltiv(-! act:i",at:i.ol"! \/· 81L::~-. 8 i:" c.r sC:~.;-( .. i~:~:­
sian . 

r u',:theI~:: CJ 1'e it: \','2S s:)(~ci[j pel in the c ase of cPu that those t.\·:o 
exceptional phenomena which are a contraction at melt ing and a 
r:(~s( ... " i\73 C!(,~-. J \':;~Llorl vo \.::tte !12.\-2 t-") 2~ C) : ~ · : !J~y. tlJ.8 S:::~. 2 o::i~;i~l ·. : ;.~. C::l ~_s 
l he \.1C2k lec2l i z.::,tion of the 5f c lec tron s . 

" 

- --- --
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