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Recent d.veloprnents in pyrochemical pr(lcessing nt LOS Almr,Ic jrrc]uclli

tl]e recovery uf plutonium from anodes and impure metal by pyrorcdox acr! 1:1.w
molten salt haldling and purification techniques. The an(!de is dis:;olv[’(’
in a i!nCl,, KC1 snlt tri form PuC1. and n zinc and impurities button.
Calcium r~duction of the PuC.I ~y/elds 9!i-98Z pure. plutonium. NewtcclI-
niqucs for trilnsferrirl~ m(lltcn R:I’ t from n pllrlf[(!iltf~ll or rcjtent’rntlll!l
VCSHC1 to molds has h[il~rl successfully developed Nnd demnnstrnted. A(lc!l-
tionnl Fnl.c wcrrk involvlnp recycle c)f direct oxtdc recluct lull salt}: us!I.r
anllvdrous llydr~)gell clllrrrl(l(t, pllosgelle, nnd ch~ortne ~aH~s IS (ln(l~r K;Is.1,

I)Is(’I,AIMI!R

l’hi~lcpmt wnrnprclmmi AiltllncLNwnl tfwllrk "pmMldhy dnHpcncy ll(lhcl lnilmlslMi. S
(iovrrnmrnl ?+illwr lhullnilml sldlch(;iwcrnnlcnl nl}[uny ugencylhcrmf, mlrllnytl[lkir
clnpiutmn. rmkm mry wurrwnly, cxprm or Implid, ur umunrm ~ny k~d Iiahllity m rc~pmsi-
hilily ‘m ~hcwcurnuy, t’llltiltlc!cwn~, !)r uncrulrwuduny Mmmulhr, npfuvrulun,prnducl,m
Imnmtdldwsvd, m rcrwcwwb Ihul IIS wsc WIIUIII rrwl Inrrin#: privntely nwncd ri~hlm, Mcrcr-

mwv I,ulcilt III wwynpdlic mrwncrdd product, prwmac wr mrvix= hy trade numc, trurlcwuwk,
mirnul,dwrrl, WI othrrwisc dnca rml mxcmnrilv uondllulc or hIIply lIrI rmliwwncnl, rcww!j,
mcmlu!iwn, wr ruvwrin~ hy the Ilnlled Shricrn(itwmnmcnl w? wvy uaenuy Ihcrcwf, “Ihe vicwrn
mwl qinlunn d nuilwrrn cRprcMCIl hcrcln do nor llCL’CWdly Mule or rdla’1 Ihmc d he
IImlml Slnlcs ( hwclnwwnl wruny wm’v l~rd



T]le ge:ltlal p)”rlichemicnl pr[,cc~sing scheme for metcl prcductlljll (.rd
resjdue recycit! is shown in Figure 1. Major efforts ill htib hiIvu ill\[llv~d
the recovery 01 plutonium fron inqmre meLii] ~.rd molten suit hacdiit:}” and
recycle. These new dcvelopmel.ts will be examined in cktail.
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Further antiiysis has shown areas ne~t the Zn tu cc.ntaln th, F&, la, (.I ~t:ld
n.;,... . ‘ills grej’ phase Is se~~irdted and recycled through & pulisl’ing step.

lhe green s&lt is reciu. ecl to Pu mc:ai.k’iLtl calciur, Flgurc 5. Ltied
j~ adtjed tc tlL?z~ contro] the reactjcr, rdte by dll~ting the drit’d,

~;~~~ud PuC1 ‘KC] ~al t. The rcdction betwcun the PuLij and the calcilr JS
so VigoIc’lls ~hat tbc calcium ib a!ded as a., ingot to le~~tIn the availabie
surface area. TIIe CaC12 addit~cn has also been found LII eliminate black
salt fOrI?.tiLiOll in tkle Lcduction Stei~.

Yields from the reduction are consifitently greater than 9S?;. The
prodl’ct button is ty~ically a two phase metal. The bottom, phase i~ p?rdtvr,-
inat~ly plutonium with only mall amour.ts of Zn and Cu. The tup pl:CFCJ is

approxi~.itely 50-6C)Y plutonlur: with tile ren,i~irlder Z~ G.IICI~a. ‘~h~be pb:lses

call be mecha::icnlly separ~ted although a more efficient metllt!c! has been
tieveloped. Liquation, or a gravity separ~tion, ~cgregates thu button iliL,:

two easily separable phases. Fi&u,re 6 shows Lhe liquatfcn step. Thr metal
is loaded into n long narrcw crucible and held moJLell at 850°c for SIX
hourb. TIMI meta , whrr. removed, easily breaks

J
into ari uppe~ phase of

;cnslty 7-9gr./cm and a lover phasu of density 14-15.4gnl/cm-. Analyses
SIIOWS the ]cwcr phase to be 95-98% plutonium with the remairccr zinc arju ii.

very smri I rlm.ount of czllcium. The upper phase i~ typically 2.(’-60% Pu al:d
the remainder zinc arwi calcium. The lower, del:bcr phase is of adequatt
purity to he fed back in~o ulectrurefining.

The top phase, containing a significant amount Cf plutoniunl call be
deoxidized using ZRC1~ in KC1. Tlw zinc is removed from the system as zinc
metal uuu the calcium. is oxidizes to CaCl which Is inert in the subsequent
pyrorcdox calcium reduction step. 3This c osea till the recover} loops
withil: the proces$ nrd only dit;ca~clabl.e reFidueH arc geukrated.

Glw of the dcvelopme~ts that h~b 1~.ci]itatcd the pyroretiux process ~$
ir:provcd Sillt handling and purif~cation capabilities. The ZnLl~ KC1
eutectlc is produced by melting the ilppropriate mounts oi each reaFent. in
a pyrex gla~s tube Buch as that shown in Figuru 7.

L’ndcslrablc cxygen is rcmuved from the mixturn by bubhli~]~ Ii(:l throu~l-
the melt, Aiter ccnldltfloning with IIL1, argull i}; sparged tllruugh the 1,,1s1t
Lu remove till residual IIC1. A fillurlng tube i!; tl]en lowertd tnto the

Ll(’lt, The filter i~ a pyrcx frit and i~ used tu remove nny largt. ul;meltwl
particles or any inscluble products genernt~d III &he HL1 c~lnditirulin~..

.

A1.llttmr mnjur IUIJ cllort ~H the rcget~erill~wll of ~p~’llt direct [JXJC!C
rcductjtll I;iIILH. ‘Itlu (:;1(:1 ,, sillt ~fIHLUiIIH betwuen 7-15 wt. 2. CUL). ‘Ihe

,.
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calciu iB m reaction product from the redurtim of piulcn~um oxide w. LII

calcium mttal. ‘lhe saltti are good for only a single run becRuhP 01 tht

rulacively low, 18.5Z, volubility of CM in CaCl,,~L H5LI”C. lh~ CaCl,,”C~lL1
sait ulao corthins approxlnmtely 1 wt. 2 calciuw~

.
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● CaC~ Regeneration and %cycle

PU02+ 2 Ca + 11cacl~- Pu + 2 Cao

‘L Cao + 2 ~cl~, -~
~aCla + F1202. Cao + COC12---+ Cacla+ CQ

(Note:Other chlorinating agents include
M9U2, lwf4cl, C12J

GC12
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oxygen, no clear reduction IS Ohservsd until after 90 mil~utes 01 cul:toct
time . Virtually I.O oxygen ciccrease is apparent from the phch~ellc snmples.
Iiozk is continuirlg on the regeneration oi spent oxide reduction sult~ u~l~,g,
both l{C1 nmc! chlori~le.

These UYC two of the mtijor new developments it: the pyrGcllcnjcal
processing 01 plutonium at Los Alamus. The6c eiforts have resulted ic I;.uTc!
r,IpId recyclti clfplutoniui[, residues and will, }o~efully irl the near futul~
cumplet~ly t’liminat~ CJiW uf our iargc volume residues.


