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AIMTRACT

Wc have dcmonsmmxi .scpamtion of Pu ml in-grown Am using the gaseous rcugcnt

dioxygcn clifluoridc. Aged PuF4 was Iluorimu.cd m room tcmpcraturc m gcncrutc PuFfi giw,

whivh was triippcd scpuratcly and rcduccd LOPuF4. The reaction product con[uincd very Iitk

Am. Unmac[cd solid had clcvutcd conccnutitions of Am that were consiskmt with a mukn-ial

hidancc, U.sc of u ga.scous reagent imd product cndkd rcmow handling Awing rcuc[ion and

puriktition. This result demonstrated a simple und minimal wustc ulkmativc thtit mtiy htivc

application 10 iI numhcr 0[ uclinidc purificu[ion prokkms.

INTROINJCTION

Amcriuium is gcncrimx.1 in plutonium hy z~lPu dcciIy (11/2= 14,4 yr) m z~lAm
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arc availahlc to “oxidiw” PuF4 to PuFG;however, F-atoms also quickly rccornbinc to produce

Fz, which dots not react with PuF4 at amhicnt tcmpcraturc. Overall competing maclions arc:

02Fz + F2 + 02 (3)

PuF4 + 02F2 + PuF~ + 02 (4)

The cxpwimcntal approach is to vuporizc 02F2 and tr:msport it rapidly to a rcacmr Id

containing a Pu solid. Ga.scous PuF~ will hc prociuccd and Am will remain in the solid.
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A Nkolc[ 20SX FllR spcctrurnctcr was u.scd to mca.sure PuF~ in reactor exit g~s

during the rcoulion pcrim.1. The R-brmwh of the v~ vihrotion at 622 cm- I was u,scd m identify

and quanli f y Pu t:~. The IR absorbance was calihritcd with pum PuF~ from Lhc product trop.

Absorbance was Iincilr with PuF6 pressure up to 6 ton.

Very smidl amounts of CF4 were oh,scrvcd O(the on.set of rcaclion during sornc runs,

hut sho-dy PuF6 was the only spccics oh.scrvc(,i hy FTIR. Initial PuF~ obscwalion coincided

with [hc hcd wnlwru[um ri.sc. Rclutivcly cons[imt PuF~ conccnlra[ions were ob.served iIt

constant 02FZ pressure. The PuF6 patiiul pressure rin as high as 25% of the 10M pressure.

using gr~vimhc PU~(j ~rO&.IC[ ITMSUrCrnCII& PrO~UCt;On Of PU~fi WIgC~ from ().24

10 1.59 g PuF~g 02FZ. From Rxn (4), I(WII (.)zFz ulilizwion wm.Ild produce 5.04 g/g.

l~lu{)rinc utilization C’llicirnctics M high os 3 I % ( 1.Sfi g/g) were rcpcwddc tit the sumc

rcuction pm.ssurc. Mllcicncics were highest ut 15-20 t{wr ItJIOl pressure.

Rcducti(m t~f PuF~ with dilu[cd C’H4 iniliully procuxhxl rtipiclly huI mildly, with a

2-3 “C lcmpcralurc ribw in (Iw gas wilhin 5 minulcs. Ikctiu,sc no pr(wisi(m was mwk for giIs

stirring, rcduc[i(ms wwc oII[)wuI 10c(mtinuc ovcrnigh[. Chwxws rcactitm pr(duuts were

illlilly7A!dby 1:1”11{in Ilw op[ictil Cull, ‘Ilc rcw’ti(m(JI”01A lo (~l;~ wtis ni~l c(mplulc, iIs iIll

(’IIXI:Y (x+y = 4) spccics were idcnlilicd. lItISI rcsul[s were ohtuinccl when the st(~ichi(mwlric

ruli(] ill’ Pul;f):(’l 1Awus 3: I, 1(I g:lvu (’l il;~ i!S primury rwwli~m pnducl.

(’11~ + 31%1:(, + 31%);4 + (’III”? + 3111; (5)

The. ini[iul chwgc (d’ Pul;d was s~~ltllt}ti-col(~m.d wi[h iI hulk dcnsily [)f tihtmI 4 gkml~

illlL’r grinding. I’ul:.t r~wllwwl I’r(ml lhc Rduclitm vus.%’l wus u vt’ry finu solid td” u t.r~wmy

y(’llow C(dor, unil’tuvnly owcrin~! Ih(- ll(ttw ~~fIhc V(is,wl, S(mlL* Pul;d wtis wltiim’d in IIN*

I’ul;() wl’ighing 11’ill)dil(” 10 tl(*{”oll~Il{~silil~il ~)f Pul;(}, ‘1’his s(did W:IS ii I{I{)SL’s(~lid, Solll{’Wl)ill

pink (m III(’ SUII’WI(I,hill [h~’ hillk Wil,$ ii ~1’ily ~Il!(’11 L’(11{)1’, ‘1’IKI hulk dtwsily t~l’uII pr(Nlui’I

l),ll;~ WilS quil~’ low, rullging 1’1’(}111(),,1 [{~ (),7 g/clll ~, ‘1’IWilllll)(l!llh (It’1%1;4 m(’(w~md fn}til

l)ul;~} r(vlu~’liim WilS in sl~li~’lli(jltl(’lri~’ :Igrt’1’m(’111(wilhil) 5’1) wilh 111(’w(’ighlxl illllo(lll[S (d”

lJUII’f,ill [IN* l~ii[l, l{~~sidw~l I) UII’JI’IIIiIII Ihi9 rt~iic’l~whutl il I}(Ilk d~wi[y 1)1’(),() l’/l’IlI ~,
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The initial PuF4 sample hwl ().734% 241Pu (isotopic fraction) and 3025 ppm Am

(pg Am/g Pu). Assuming [hc PuF4 wiLs initially pure, the sample wm 1.05% ~11% initially

and was 7.25 years old; Ibis agc ugrccs with other information. Am grows into this Pu at an

approximw.c row of 1 ppndday. Significant time periods elapsed hctwccn conduct of

cxpcrimcnL% and amdy.scs, thus it w~%ncccssary to wrrwl Am rcsu]Ls back to [hc dale of

cxpcrimcnts using Pu and Am mcusurcmcnL~ and Eqns ( I ) and (2). Am analy,scs prc,scnuxi

urc how corrcctcd to such dutc.

Scqucn[iall y, samples of PuF4 product (rcduccd from PuF~) contuincd 25,20, 160,

W), 60, and 300” ppm Am, The unrcuctcd solid contuincd 82X5 ppm Am u: the ml 01’the

.wrics of cxpcrimcnL$.

A fruclion O( [hc rcmuining solids from ttw rcucmr hcd wiis plwxxl in iI sm~llcr rcilc[t~r

for (urthcr rcac[ion, In u single cxpcrirncn[, 73% of thu sumplc wus volatilized. wilh Pul~6

gcncrwion uonllrrncd hy FIIR. During the tun, production (if PuF~ UXISWIhcl’~.mcall ( JZFZ

hod hccn volu[iliml. The rcuc[or wiIs opuncd allcr the rcactifm, ml most (JI’[hc rumoining

s(did was (m (hc rcocu)r WUIISor ot (hc uxit filter. The solids pu[ in[o the muc[tw h;]d H490

ppm Am; [hu rcmuining solid hild 31760 ppm Am. I’hc mount (d’ l’ul:f, ct)llcutc(l wus in

gt)(d ilglt?clnlmlll wilh Ihl’ illll(~utll tll’ 1%1:4l’cilclcd.
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cxpccLs 3025* 100/40 = 7563 ppm Am. The observed value was 8285 ppm, and produc[

analyses show liltlc Am. CXmnup and dismim(ling of apparatus will help identify [hc

location of remaining malcritil. Among qucslions to lx answered is whelher any solids

pas.scd through or by cxii filters.

Lack of LOMI reaction in the smaller reactor was duc to migration of the PuF~ powder

LOreactor walls and the exit ftltcr, resulting in poorer conmc[ of 0zF2 with the solid.

Expcclcd Am content for dw solid, assuming Iolal rc[cnlion of Am, was 8490* 100/27= 31444

ppm. The oh.served rusul[ was 31760 ppm. which supporls tic assumption within

cxpcrimcnlal error. While the PuF6 from this IUSI cxpcrimcnt htis no~ yet Iwcn ardyzcd, (his

rcsul I in(,licti[cs tin cffiuicnt ,Scptirali(m O( Pu (rorn Am.

The wuction of O~FZ wi(h PuF~ progrwwi c(ficicn[ly tind under very mild

cxpcrimcnltil c~mditions. The Am conccn[rtititm in rcacti[m product PuF4 was rcduccd from

[hut in [hc solid by u lwk~r t]l’ 10-100.” The ri.sc in Am ctmccn(r~[it~n of so]id residue was

consistcn[ with rctcn[itm ot’ Am timl u mti(crial hdancc. The rc~ctim, ,scpmlion, tind

I“CLILICII(MI do 1101 require “himds-on” [rcutmcnt, which rcduucs ptmm[id l(~r pcrsonrwl

rdiu[ion cxpt~sur~’, I-hu direct wusk pr(xluc[s m gti,scs [hut ctmlci tw pt~tcn[iully rcusd (02,

Fz), m wily nculruliml (1IF), or iIrc nt~n-hti~mlous (NJ, 02, CHFq). The rcduu[ion t~l

[]ul;fi cm tilst~ k u[[uimv.1 [hcrmully, which uvi)ids U,Wt)l ti rc;lgcn[ tit-d u rcduc[ion in WUSICS.

‘Imhisresult t.lcIntmsLr~Ics u sinlplc A cfl”i~-ictl[ ,Scptira[itm mc[h(x.1 Ihu[ m;]y IU.IVCtippliuti(i~~n

I(J ~~dwr uc’[inidt’ scpmli~ms,

ltlN’KlttiN(”kX
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