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EIHl"t.k l)l'()pf'l't.i{'s of ~.-PII hy Rpl"OlHlllt. UIt.rasoliud SI)('{'t.rr)l"('oPY 

I. Slr",,1 'lIul.1. J1.,"..;2. ;\. Tnl~1!1I1l2. (' II. :'H.·lk,,2 . .I. :>. :'litd,,·1I2. :'1. nalll''''"' A. :'li;::1iori2 

n·"".r,!o Pol,/I.·..!",,, i".,II/"I., 1\'.'1>·.·.,1", .H.I (1/I"I!1 


2.\'../,ollu/ H,t/" .HII',lIdu·· P" It! Lul.""I",.", L.~ XL. L"., .~/.,,,,p.,. S.U .\"i'.~ I:; 

rD,,\<·,) Fl'hru,'fr It;. :!IX,!1j 

H'.·""11iI1l1 IIllr""'''11I01 "1"'" \f,..........p~. \\',~... lL","1 I" lIl<'a"nTl' thl' "1",,Iit' I'n'lwrli,,,, 01 "liP' 1",ly, r~'l'-
1.,\li1l0' 23"Pn in Ih.· '. pli.'N'. SlIp.• r .\11.1 1.)Il\!illl<llllal O'j;~"lk \Iloduli ""·r,· IIll'w..uf..1,..ill!llhalll·"'L...I~· 
allli rh.· hll!k lII"dllhL'" \\':1.... n'lIIplI.....1 [Will Ih"1Il A "111,""11. lill,·ar. alld Iilr!:!o' d,·..·n·.IN· ,)1' .tli ..1.,,,11, 
muolllli \\'it h illtT.·.I.... ill~ 1"111 Il<'f"I IIH' \\';1, "I ....·T\·, ...] \r•.• I ·"Inllal,' !11lt' P"i""'11 r.ln... lilt I f. 11111< I I!l.1I iT 
IIII·r.· ....... fr"llI iI.:.!~:!.II ',IU!': ... 11 :2'-)',!- ill .-.71 1\:. Th,.,...·IU'·'~'III·"III.·III,.. '>Il"'Xtrl'llIl'iy w.·lIlharacl"ri1..,1 
pllf.' PI! ill''' ill a~r'''''lIh'lIl whh ..11I"f Tt'I'"r1,·.1 n.,..lI!t,.. \\'hN" "\·l'rl.11' (ol'4'lIr, 

PA( .~ UlHUhl-r,.. 

Int.l·od IIctivlI 

PIUI"lIilllll i Pu \ i" "II<' ..I' I h•., 1ll''''1 <Iillii'lIh .·I'·IIIl·III" 
10 ,..11I.h·. and ..... ,.·owl I .. II". "IH' of tlu' 111.",1 inl"ro",l­
ill;::. ,\t awl.i"111 I'T...."lIft·. Pit "xhihib "ix ,1i,..linll " .. li.l­
"I a 1<' ph""...., l ..:·I..\\, tlit' 1I1t'1t illg poinl. D''''pil ,. fiU .\"""1''' "f 
I1I'''''I'l'1 ka) and "Xr"'rillll'1l1 al "tfon din ...... ·• I I"w;.rol 111.­
""r"I"wlill,!!, it" pr"lwTI i,,,,. "1ll'1l fllI,,,,1 j"n" rt'lIIain[J J. To 

rt~uh~t' ~t.JIH4· ••1' t hu:st- qUf.",,·;t j, .1),. if is iUlpt-'\.rat in! '0 

prudrl .. IUTllr.. I,· ",\11''''' for lilt.' 1,"lk IIIU<!lI!tL... ill ,,11 I h,' 
pha"..... lol·GIII...... Illl" hulk 111"')11)11" i" all ,""....·utial th"rmu­
clYllalllk ,!HalHit." luillilllalh- ""'lI"itin' tu illlplIritil"". I hp 
,..illlp),....1 q'lan! il.\· I" COlllpllh' frolH an ,·I",·lruni.- ,..1 rllt·­
111ft' Hlod.·I. mHI IWllriV ill\'arialll 1.,·t\\" ...·11 \ll"llu,·n·,..la] 

,tilt! p..I,\Try"I,.1 ... p ... ·iIlH·II.... Tid..; b,..1 IW"p"rl\' i" rd"\'itlll 

!,...·au....• il i" "xln'III"'''' .Iilikn!t 10 fin.tlm·,· all,] 1II1'",..IITI.' 

all 111lIWimll.. llllnll.>eI'\',..lal • If ",-PII, 
Th.· "xlwriIlH'lIIal dl"IJ,'I'~"'" ar•.• al II'a,,1 Im.f"I<I: (i I H 

pllr.· I'll "mupl,· n'(llIiTl'''' I'Hw.. itl'·I'"hl,· .·ffurl 10 1)J" ~ hll·'·. 

amI (iii 239 pu r"llIil'!'" "p"'<'i,,1 h"H(lIin.1!; «...,lulie(1I..... 1..·­
eall",· ..f il" rl1.Jj••I"xidl,\', Thi,.. lilllit,.. Ill" t'xlH'riIlU'II­
laJ inn",lil!:"li"n" t .. ll'dllli'III''''' Ihdl "'all I,l' s('[ III' in 

"11l"~i..II.\'... I,·"i~ ....! ".\',..1"111" Ihal fllHill (·XI"·II,..i\·,, ,.."f..t \. r.·­
'1'Iin'IIlt'lIt >'. 

R...... 'lIi1nl ,'IIr..", 11\\11 1 Sp'...·tn'N·oIJ~· (Ht'SI IJ;L'< h",.·ll 
II",~I l'xh'I1"ln,j\- til .J"i<·f1l1illt' Ih.. th,·r1lll .. lnlalllk JIll.! 

lIlt· ..·Iasli(' pr"p,·rll,·" of 11I"',·rinl,.. alld I.. 11\l'\t'ThlalHI 
Jlh,~....· I \'(\Il."ilioll". HI'S 1111"1."111'1"" .!in,,·II.\· t 11,· aolial~llk 
d"...lic 1II1l.11I1i: tll,.,\· an' Ih,· "'''''0111.1 .It-rh'alin' "I' II ... "11­
"T~\' (lIul fl'''''' "II,'r~\'i willi n·,..I .... '·l 1",..1 raill. an' •Ii1','0 h' 
fl'l,,",1 I., till' ..,..mit hOlltling of lilt, 1II,IINi,,\' 11110\ aT<' 
n'TY ""'II"!li\'<' I.. plm"" Irall"iliHII'" .m,) Ih.·ll' orol.·r. :'/".\ ­
1I1i "01111"0:\ 10 I h., I hNllml prupt·rl i,.,.. ..f .....Iith. II,r"1I:2;1I 
D,,!>\·,· t h,....T.\'. Ill ... IIl1hi 1Ii1 Ilull wit h "I....·,:ilk 111·.11 illll I 
Illt'rlllal .. xptllI"I"1I 1II1·;',,!\\'I'm. '111" .•,1",..1 it' III< ~ luli .If<· II,.." I 
10 .)""'1'111111" tI", "'III<ltlol1 "f ,,1,,1<' 1111,[ \'ari"II" t1wrlllo­
,1.Yllamic flll1d i. '11,... 

HI':-; i,.. •h·,«TiI .. , 1 ill,ll'I.oil,·I",·\dl,·r.· [2/. Th,· mllill ad­
\~II\I",!!.I'" uf HI."S "I'<- Ihal:(i) .. II I.h,· l'I""lk 1\I."lnli aft' 
d"'h'rIlIin" I ill 'I "ill,!!,)" 1II'·1)o.;lIr'.·1I11'1I1 ,..nlll Iii) RI'S .I"l'" 
/lol H"I"ln' hondill,!!, ..f tI,,· >;;1I1l1'1,· 10 rrall",hll:"Tl'> diil 
il ill'odd,'" .<xn·pl iUllal "10,...,lnl,, a,·,·lIr".:\·,..II, 1.( i \') il ,'x­
hij,ih hi,!!,h pro,j,..iUII(I\'ph·alh· ..1 l.w4 I ill 111*'-1. 

\\'" han· ,jd"rlllitl(~1 II...... I ..... ti< mll.hIli 111'11111''' 1'..1.\'­
(1'Y"I,IIiIl" I'll ill til,· alpha \Il I. ],1'1 .. ( 'I) ;.wl )!'''1I1111<1 i - , 

1'11>1"'.,... Ih'T<' w., H·I,..rl 1.1111." Ih •.· ,·I",..lic IIIIHlnli ill till' 
pha.....• of Ill<' 0.;"111<' Pn "I"~·il\lt'li II .... ~I f .. r .. II ul h"r 111""­
~Ht.')))C."J)t!"< nhon· illl.hi.·}}, tplllp«,'fHtln",l. ~rht' "la1">lj(' lnotl ­

llli of 1"11 ill th., " I,h"",,·, II,,· .].<1ail" ..f !II" "XI"'ril"'<lIlal 
....·tllp. !.lit· pllril)' alltl ).In·par.,li.", 1.11'......1111'<"". all.] a "llr ­
n'\' of "'U"lall,Jjll~ prohl"IIl'" fit\' '\I"j,'r"lall.]in:.:, Ill' Pn an' 

,11"".·ri\'I~1 •. ·I",'wh..n· [I I· Tlw...J.."tk 1II".\1IIi ..I Pn ill i 

ph"....• will IH' r .. p..rl ..~1 ""·I,arar"I\'. J~"'aIN' of Illilll\' "x­
l",rilll"\lI<1) l,ru\')"III'" II ... t'!",..li,· 1I"... ln!i of Ihi, "IH~'III"'11 
of PIIT" Pu ill Ihi' ~ J)ha..... 1',,111') 11,,( I .. • .)('It·rlllill'-!. 

TI,,' x-my "0111111" ..I' ·~-I.h'L""· PH 1~)tJ.l\~"·: \\'il II A:.:, ",.. 
IIII' • I.,iii '''I'al ..k-hll n Hltl"" I Illilill illlpllril~'1 frOIJl .)."fll\: I.. 
~.""'K \\'.," ,J......Til .. .,1 !..\' Z"d.ari"""11 {:~Il all•.lI·..;io.; ..f anlil ­

••h!.· ,],,1,. \.\' \\',,11,,",,< [.1/ (1)111 I lid • .,.. lhal Ih,· full rall~.· 
of I'xi... tl'IJ('l' of ",-PII i" .\.'\...;;1\ I ••.-A..11\!. Til ... 'III II II. Iri I.,' 
Z"dlari......·\I·" \\'llrk. "-PII i" f"... ·... ·('III,·r..1ordl"rl,oml.k 
(Fddll). whit l\ ....llIlm\o·1I1 ,Itum" III rllt' l\IIil ('.·11 "I (Il. II.
o;!. ~. !I+ (II. II,II;II.~.~:~. (I. ~: ;.1. OJ. E... ), P" 
~tt01J1 i.... hUH.),,-.) tn £{\Il nihf,·r.... tIt an iIY("l'j1gt,' .Ii~r_tlll«'p of 

:~.I!".; A. f""r llI·i)!,lthor,.. an' at :ur'?li:\. IW" 1\1 ;{.I ",{, A. 
,,11<11'11111' ill :~.:!l\l\X A. 1I..\\·.·\""r in lilt' "'y"" I' gr""p FoI.I.1 
Oil(' 11lL" IIII' d,oi,'O' "f ! 'I'll ..ri:2;ill"', By pladlll!: !II(' 
at •'11'.' et'III1'T ••f ".\Tllllwl r.\·. H••of [:;j IN .illl" I 0111 Iltal 
"rru{'lur.· ('all I..., "IINn"lin·l\' d."" ril ..... 1 \\'it!. l·iIl' "Ighl 
,'tJllh'al"\11 "\11111,.. ill ± .; A. !. !)+ (0. 0. 11; (I. ~. ~: }, II 

\: ;. ;, OJ. Till,.. t1"""riplioll i" .ulI,..i,,\t·\lt wilh II ... c\.~ 
;nijlll.;n ..f .. 11,,'r PI\ ph",... ..... Th.· l\IIit (',·11 diIlH·II"i ••n... ill 

A. at rt3.w 1\. ar.· :2;h"'11 h,\' Z"dtarill....,11 [fij ,.. I.. · a=:t I "ll 
± lUlU!. 

, 

J.=~,. ;fk'i ± lUll II all.! c=HI. Hi:! ± O.!Mr2. frolll 
x-my '·XIWTillll.'llh [lij. 1111' x-ra\' c\.'n,..il\· \t.I" "·"I'IIIa,,...1 
tu I .. · I;.I~ ± (t.Ol ).(/I·m~l at .~.a.., 1\, 

TIl<' "nIY "Ib•. ·r ,1\·"i1,,),I.· 01"1,, fo'f Ill<' "\;l"tit: m ... !II!i 
of "-PH W,'\'I' ,,1.tain.~1 fr"lIl 1I11·.,,..IITl·IIl,·lIt,.. of J,.lIgirll.li­
Ilft1. H.'xnra] al1c1 rur:-.iullaJ (71 t~~uuallt't""'. 1I,in~ ,I ·yl)lJlI~·~ 
1I11"hllll" alltl rlf,!;idil\' lIIu,llIhL'" l1pp"rill1\". Eh"ti.' 1lI..'\l\li 
w"n' uhlaitll'oi aft • .'1' :.? nil.) ;~ Ih"I'\II;,1 .-yd,.,... it pro'·... hll'l· 
\n' '.II""'·fy.·.1 It. produ... · ill<'I'II"i"It'lId,.,.. ill 11..· ph"".. ,,1' 
till' ,,!wf'im'·II. In .>llr 1l1l·""un·IIIt'III " I) ... "'1111).1..· W"" 1I0t 
('\'(,1" I. 1.1\ I wan'lt~ I "\11.\' HI .... · from .. IUI.i"1I1 I<'III r,,·r.lllln· 
lip to lilt' ": pll'I"" IH"II1.)arL 

http:J,.lIgirll.li
http:iI.:.!~:!.II
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Experi lIl('ul, 

Pure d('C tI'OIV IlI lC'.;i 23!JPII W1\" II,""'] fiJr Ih....,,, ('x])('ri­
mellt", I T,;in,!!. chemic..1 met hod", t he COlllp~)"i t iou IH IS 

d et ... rmilwd to h., 99,96 wt,';: Pu, 11 5 pPIll W. -19 ppm 
Np. [,0 ppm O. 53 ppm Si , 32 pplll Am a lld 1£>,... dlW) '2~, 
ppm 01 her implIriti ..." , I'll{' p"ra "('IC'pip.,<I-"bap.~1 sample 
w,"" ( ' III fr" m I) lar,ger hutlon Ihat \\'3" a rc .I11('I1I'<J /jJ\d 

<luc,"dll·d 011 ,I copjl...r hearth ""'\'C'n ll liIlle"'. unli] \'oieb 
~.lid Illc" a lhlrgicn I illlp('rr"cr ion,.; 1l'r- f l ' negligible. The· 
s]wd rrae n Web O.:2G,j cm x 0.::'>&<:: e lJl X n.::'>70 e lll a li<I Ihe 
imnlf'l" iUII .1'·II" ill· ;,.1 ~lflOI\ wn,.; d " "'rmitwd 1<:> Iw ]9 .5­
g/~' 1I13 ± u,02'''~ II'). TIJi~ Y::']'I <.' i" 101\,<,1' thml b o t,lt tir e' r\ell­
"ily o l'tNmilw'] from 111: 1",'" lind d illll'lIsio n" (J ~) . TO g / c m 3) 
Hlltl II ... x-ray ditTrllctioll .\(·n-;il ,'· ( ItU"G p;/cm:l al ::!!)-tl\j. 

T he Rt-s ".' · ...11·1'11 12) II "-Cd filr Ihis work i" d c..;cril.cod 

d"c·wlll't'I · II). Thl! cx-p"rill1l'nl " IY('n' cnrri(.J 0111 ill n lc­
!JlIll1 , The l (! lll]w mlllrc ww' IJlo'~l"UrNI w..ing ;, nll"-" rC'­
si"l a llce I hcrmom .... l'.'r. At -too 1\ we ohtuilled " lempcr­
"turl' nN:llraC,\' of '2 ';{ . FrullI tIll' nll:'; I"1I1('11 fl-"onaJICe 
fn'qulO'ncies we COlli puti'd t I", ('Iosl ic moduli w,ing Ih., 
LC'\'I' nlwrq-Zllarqll!ucl t HlguriulI. TL,,~' fllg urit hm" I\'(' r(' 
madc' H\11iltahl" for public 11 "'-' by liS 18). 

R£>Sults and Discussiol1 

A. Resollnnces 

F igure ] "h o\\,,.. the l"l--SOIHltIl ... p t't: truUl frolll 1-10 kHZ 
10 3:.?lJ kHz al twu 1t:lllpc'ra l ur"" Ol1l' n('a r Ih", low end. 
Ihl' orl}('r Bea.r {he hi)!;], l'nd uf {hI.' r.ulge of ('xis t .'nee (of 
-.'-Pn. Tile lJi,>!;1r s ip;lIa l- t o-noiS(' ratio and Iho hi,!1,h-Q (Q 
l\'f\~ of ord,..1' 1(1)11) ff-;u Jl a nn '" <'1I ""re hig h-HcCll rnC\ r('­
"lIlts fo r thi" " (HI'h·. T h.e lo\\,('"t rl..,..•.• lJi tJl l.' (' wa" 01 ,,,,_·rn..1 
ttl Cl bo\lt 1.':.1) kHz. A" Ihe temperature wa.s ine ret!".;,....l • ..11 
r <"'lltlflBC('S "hm....] !,J)w(tnl I .. w('l" valul.,.. . l ':;,ilJg 0111' U\,"O 

... I),!;o rithms . I he ( ,-,lI k r fr(''-lu('nck..; o f 21 r, ·SI;)lla nCt'" \I'l' rt' 

dl'termilll>O al "'ill'll I"'II1]'1e rlll UTl', Each r~IlWlc.(' c()rre­
"pond" to a different "ibm tilH".! nlo<.ie . The frl>qllC:'nci"" 
of <lllch Illc..-I ... 1'l' l':>lIS temperature \W'I"<' fit t o H stra i,!!;hl 
Iii\('. 'Th{· Iinc'nr fi t \I' ll" U"txl 10 gellt'rBl (. input fr('(jue n­
"it.,.. for I he B P S l-.)dc· IIH.t c·a.lclllfll .,:< lI lI:- d a"l ic mod1l1i. 
l ' '<l' of I hi" c, ..il" b dc......-rih"d ...I"c· wb"fl> 18). A plol (,f the 
fi l ted r._"'ons lIces \"l' J'SII'< H·lllpc·mtnr,· b 1'lwwn in fig . '2. 

Thl' ~pmrl'>' of Ih...• r ( ·,«.>II1I lice freqlll'ndes. nbSt'lIt s mall 
del\.<;itl· correcl io l',s . a n ' pro p..,rt j,)]Ju l to Ih E> d a l't ic mod­
1I1i. u lld t111~r('ti:iI"l' IhI! 0],"<11'\',:.:1 ,k'C rc'(l;o(' o f thl' re>:t)lltlllct' 
frl'qll('" cil'" wit)' iIlCTe.'t,si ll;:: {"!lIrc'ral ure i.~ l'SptX'll'<i . 

B. Elast.k ;"loduli 

'TIl(' d .",t ic 1.dl.lyior ,.,rall i"otrupic polycry"l "iii Il " m,,­
lerial c all h e d • .,.... rih•. ..:1 c\.llllp)(,td~· Iw IWc.' iudt'IW1KI"1I1 
mud1l1i . ILII;' 10ng-itlldi"'ll ,e L, l a nd Ih ..· shmr (C) lIlod­
nh)". T),C' hulk 11l0011I1u" {B } , i:; relal ('(1 to C L and G 
Ihrough the fullo\\;ng relation: 

T=519K20 

~ -10 

} 30
1 T=571K 

< 
:!O 

o 

150 ~oo 250 300 
F (kHz) 

FIG. I: Plm of the rl""""'1I11 fr<:<IUf' nC,I' "pt:x:-trulU of poly!'ry»­
lallillC PH show1l Hf'n.r the \(10\'- and hig b- ll'lI1pcr,II nre ('Ilch< 

of tlll' ", -ptu L,e regloll of ('xi"w uc(', Tbe drL,hNl line pW\' ides 
.1 {,'1lid•.' to I\l<' e~'t' to ,;·mph.",izo Ihe "jze of t he "hift of the 
re:-ourlH C<", wit h t(,lllpe raUlr(> . 
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.. .. .. " " .. • .. • • • " ,. .. • • .. ...... to .... 

1 ......................... _ .. _-­

:: 0,25 
2 

:: 0.20l f t I I ! I I I f J I I I I t I ! I ! ! ! ! ~ ! ! ! ! 

....... 41' ..... 41' " .... "0.15 
1~~~~~~--~~~~~ 
520 530 540 550 560 570 

I' (K) 

FIG . 2; Fit 11'(1 TCwl1;J1J((- fJ'('qlK'IlC1()!'. \,(1·~U.'> IOrnp<'Tulllr(', All 
rr('fllll'ueit'i' show .1 "lIIuoth liuen r d('('r l'!)'''t· wil11 itlc rc i)"illg 
[<'DlperawJ'£'. Tb<.,..~ fl tll'd ,·::thl(.,. WNe u,,"ld in lIlc' corupu­
I atiull rOlltiul' t.o d.'tc' nnme 1he ('h~t.ic moduli. 

D=C\- -IG (J )
3 

Fi,r"YlJ!'(' 3 ,,]IOW:; tilt' "llIont h. 1i.ll('arl\·-decTl: f1-"'h)~ helm\,­
ior of CL,o G 311t1. B "" n funcriun of krnpenllufI.·. Each 
dill'l ic 1II0c!'lhl" Was filled lI;th a o~triljght Iille " lid th(' 
panol11('\t' I'" o( tIl(' fit i1l'e ;!.in' ll in tn ilk· L 

In us ing I h(' fi t ting cod es IS) tha r c:Iel('rmin(' l'h-L'<lic 
llIoduli frolll Ul': <ISllrl'tl frequ(,llci <'S. I lot· a lgon Ihm,.. can 
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FIC.3: T"'llIpNLlrnrl' d"p<'nd"'(III' "I blilk ! 13!, "h..ar ,e) aud 
longitudinal iCL) ..In"tk moduli of -: -Pu, 

T.-\BLE (: Th!? pnr;unCll' r,.. of th(· lint'aT fils to Ill(' mO}a~lIfl"­
llI(,lIlS of Ci., B. fi nd Gofthl' I,mll a +bT. 

Modulus ., (CPa) b (GP..fK) 

CL 66.!l± O.2 -n.w 

B 3 l.O::?±tt.u2 -u.uO!.I7 

G 2G ~I±O . 1 -0.0'2 


di"play small nrtilf.lc,.", n,......,.lt' ialt...:1 with moJ,.,.. c.h ll llginp; 
rd~tI h 'L' orci('rinp; it" 1;;·lI.lp<'fal UI"\:, Chilllgl'S . introdudng 
cort'l-<;polJding ;11'1 ifal' ''' in whal "ltollkl be ~mout lt 1,.,,­
h,,\'io r with l empt'W ture of tll( ' moduli. U"ing Iiru.'ur fit" 
10 re~onaneL' fl'('(I',umci ..·,.. i" ofrell '<'Imd,,'nl to hlock "l.Id, 
arlifacts. bUI the me~m-"gunTt· fittiug Nwr j" {I pro,..i:,c 
tesl for Illl'ir pro,..;pnec. Sm.all yaille.... of I h(· lininp; error 

/'Ire "Iso iI U....flll and qllanti la l iyl' \ .."", for but ropy uf thl' 
po h-CI'\'SIHlJilH' ';)It'Ciml'r1. This lest is shown in ~IIII~ cI 
\\')wrl' Wl' plclt tilt' Illl'HIl "Cluart· e1Tor of IUllgi t udiu;11 B.nd 
",hea.r mochlli \ ';:o r'<l1" rhl' UlI)c1111i a lld find no 1l11l'xpccted 
hdlrlyior. and "I rOIJ~ e\id... ,wl· (l botropy manif't".,loo ill 
tIll' ..;mall y"hll'" of Ill<' fil l ed (·rro l'S. 

C. Compnrison of Elastic moduli i.ll diff(,l'(,llt 
pitnses 

In figure':' \w' compared Ihl' da" lic modllli uf VHrli' 
PQlyc r.n'I~llino:· '\-Pu III lh.....c of <I-PU awl of Gn-st<lhilizro 
~Pu (2.3G fit. W Gn) und f(.>Ilncl. ft,.. l~xpt'('H~1 that . Illud­
11111'" 1•.\· IIll>d lllll'. I Ill.' lIloduli or -I-PII Ii<' helw'-'o:'1\ tiro,...,. 
or (I-P't (hight'Sl ) and G~H;,tllhiliLl") .'i-PH I. lowe,;., J. 

\\'e·lit til l' dn"lic Inoduli o f ,,-PII alld 8-Pu (2.36 al. I.: 
Gil) with a s lr.,i,!!;llI line'. I.lJld cOlIIl'lIrt'tl tllL' PII.rlWINl'rs 
of thp linN!.r fit I.) tlw (lIll'" obtain.:....l for -,-Pu in r.\1(, lel11­
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F1 C . 1: 1>1"<l II-:;(1\l3I'e Nror of "Iwal' and lont; ltlldhml l'I fI~ li 
moduli \'N"U" moduli 10 IL"'1. for fltlin s allel i~t)r.rt>p~' l' rrnr" 

SOL 
Qc..-~ 

• Bp,..... 0", 
. ~ 

60 
.--~,".-" ~ 

',L';'~•••<.:"e. ~ .(," --........ 
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FI G . :,: ('D1 npari~9u of' Il w I'I:L... tk IlJo.>IIuli \'1) 1')00111> [ (,III)>o: r•.I' urc 
or o-Pu. -·,·PlI. lind /}-PIl i:.!~l(i at. ~,: Ca l. 

ppratllrt:' rang.....,.. indicated in tlte tahh~, TBh),· Jl "I,o\\' ;;' 
the reslI!t;;,ofth<, \jTt eaJ" fi t for th ... Ihn·\) ph~<.e" , \\'e fuund 
that tltt' slo p<: of I.b~· fil for lilt' bulk modlllu... of ' , j,.. much 
lower Iha ll Ill(' "lope oftlw hnlk mooull.l" of olher phase;;. 

\\'e cnmpmro tht' fitted parrun o:-I '.'l'l< of tlw lin ea r fit,. 
to the normaliz('d lemperature d c-pelldence of ~hc ~he;tr 
and bulk mo.lull.l" in all ph" $ ('''' . Th(' f(",uit·,.. ur e pl"(~ 
~m('(1 in Hlblt' Hl. Tll<' fractional Y'Hialio n of Ihl> "hl,,,r 
modullls \\- itit temp<'fatul'o.· is simihlr for (I-Pn and -rPII. 
hilt r1i1l'ere nj for Pu (2.36 at. r;; Ga) alln~·. The fnJc­
timlil l Ynrill ric)t1 of ti,(· \JIllk l1Iodn111"; with telUP('rnrure 
i,.. 111le..xpt'C t('rlly "lIIall fo r -,-Pn cOIII],dn-d 10 eo-PII fInd 
Ga-slahiliZl·d 6-Pu. 

D. Poisson Ration 

Poi,..,'.>OIl",., /' ratio for polycr:.-" t al<; is d efined 8,0.;: 
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TABLE II: The parall1(>\N' of {hI.' temp.!rilluw lit for lWO 

('I.."tic lUoduli of -.-Pu and a cumpariwD with thc.;c· for n- Pu 
'.lJld GfI ~.,.t abili;l('d o-Pu for Ill(> t('mperalltTe' rang..", indi ra l(·d. 

Moduli G (CP.» B tC Pa)
Ph.l~ 

n -Pt: Q =62.S4±O.2!). ~ = T6. ~±I.Ii> 

T = 381.'1.' - ~"71\ b =, -~.6±1\ . " 10-' b= i-6.9±O.3\ , 10-' 

1' -Pu o = :'!6.u..a±O. 1~ d =3 1.!r-:t:O.02 

T= !.H'lIK -~'F1 K b=I-~ .O±(i.(~ ) !Io 10 - 1 h=,-O.!)7 ±O.OO.a, .. IO - 1 

,, - P l.r,',. (I = '20 ..:.I"'±O.1fi a = -IV.1± !l.I)(' 

T = -1 (,(.1\" - ·.001\' b = I - J.6±'::- .o.ll , 10-1 b = I -3.~±O. !l:1 10 -' 

TABLE III : Tit" logn rHhmk \(· t11IWTflIUTi.' dorlmli\'C- for tho:' 
eh"' !c O\uduli (Of , -PH UUO ,I <:'OllIp<lri ,on wilh tbco«) for rt-PU 
nlld Ca~"tabiljz (!d ,'-Pu for lh(' t CIlIJw.nltllIl· range:.'" I lIdi~ltc-oI 

d/nj h. 
,IT 

o:l-f.'lJ. 
-1 .3!) . IO-l,±I.I' ; ', 


T , SS I '" - ~O;'" 


, - p" 
-1.3 " 1O-1(± 1.3',; , 


T , ~ I O" - ~7 1'" 


.i -PuC .. 
- I .19 " to-~1 ±O.:r,'; i 

T . ~I;(; I\ - ~!j06" 

13B -?G 
I' = - --::--,,- (:?)

23B + G 

T Ile' Poi""'>01l ratio for -,-PH (fig . 6)i..; 11IlII ,, 'Wl in that. 
unlike tl\(' Poi"sul\ ralio for Ih" o lher Pu phas.c"'<, II for 
-,-Pll appears to Itn" c A lIormal \'a llle Rnd illereo>-('" nOT­

mally with ill C'Tcu."ing 1cmp•.·T"lure . FiguJ'(' j' "how" a 
cnmpari"<oll of Pois.-.on ra t iO Il H'T"lL.,. ll:"lUperflUll·... of ",Iu­
mimttll. a-Pu. -.-Pu. Ptl (2.36 u t. ',i C a l.and Pu (:'; a t. 
I;; Gft } . 
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FIG. 6: T('lIIpl'mture \'ari al llOl) of POi""., D-rmitJlI for -, -PII . 
Th... ILlIt:' fC-prc.'!>('\lt s Ihe It'I1IIX'T3lllre III and lllQ paW.DlNt'T>-l)f 

I.ll(' fir ll)'e giW'n. 
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FIC. 7: ('ornparb'JlI or Poi,......,n mUoll Yf.'J':'oU:- t{,llIperalllre "r 
ahuninllm. CI-PlI. ,-PlL Pu (2 .31~ fi t. '7. Ga}'~'Jld Pu ( ., .•1. ';; 

~a) 

CondusiollS 

\\'e re'porl menSUN'llU"lll of tb,· full " .,1. of d O!,fic mod­
uli of a bi~h puril~', is,)\ropic , polyc rY"lil.llilw "r edmcn .;of 
239Pli t hTl)I\.~hour , ,)mos\ t 1](' " til ire Til.t1gt' of II It' e.'I(istetl c(· 
of iI'" ') ph;:,;:\.'. \\'(, fo ulld an lt1Hl"ilf.l.U\' o rdilHH.\· helm\'­
ior of Poi",soll':, mli v. nud ltnlhltally lo w v<t rin l i.ull o f tlt(' 

bulk modnhl" "it h ftom pcmtllTc , Tit.· 11/L·~''''lro:·d IlIo cl1.tii 

fall . , ~~ t':q)~'C tQd, 1)('low t ho:'{> o f I he ].;I\\vr-!.t"ITllwr" II In'. 

l·xp('('I ..-dI~'-!>( ilft'r (I plkl".,.. a tld "bun' IJI~"'o.: of Ih (· it ighel'­
t{'t\Iperat l.lrl' and ('xpet l._.Jh'-solh·\, ri ph'L~. 'TIll' ITIC3­

"url'!lll'm" pas-; ""' \'l' ra l imern"ll eOlls b lCIIC.\' ce-"'_ 011(' 
pr('\-iolls stttd~' approxim'_,t'fh' a~'I"c:........ wilh Ollr r~ult,.., 
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