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ARSTRACT

Recent d_velopments in pyrochemical processing at Los Alamos include
the recovery of plutonium from anodes and impure metal by pvroredox and new
rolten malt handling and purification techniquee. The anede 1s disselved
in a ZnClz KC1 ealt to form PuCl, and a zinc Aand impurities button,

Calcium réduction of the FuCl yields 95-98Z pure plutonium., New tech-
niques for transferring molten sa't from a purlffcation or repeneration
vessel to molds has been successfully developed and demonstrated. Addi-
ticnal ralt work invelving recyele of direct oxide reduction salts usire
anhvdrous hydrogen chloride, phosgeue, and chlorine pases {s under wav.
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The general pyruchemical processing scheme for metal preduction «rd
residue recyciv is shown in Figure 1, Major efforts in kuD have imvolved
the recovery ot plutonium from impure metal erd molten salt handliny and
recycie. These new developueits will be examined in deteil.

The recovery of plutonlum from Impure metal has historically bedn
acconipiished by burning the metal rto oxide wnd separating the impuvitics by
aquuoug processet. Los Alames National Laboratory hLee developud und s
rroductionszing a pyrochemical method of recoveaing plutonlum from injure
metals.

The process, pyroredox, it based on the differcnces in the Di1ee
ezcrgles o1 tormation of various metual chlorides with respect to ZnCl .
Teble 1 19 a tabulation of metallic chloeride free erncrples at 1OLCTF." 411
the ruvtals having chlorides with more negative free envrgles than InCl
will reduce the ZnCl, to nctulllc zlue, while all the metals having
chlorides with a les§ nepative free energy of fo-mation wiii not reduce
ZnCl, arc< will renalr metallie,

The pyruoredon preocess is currently beirng used to recynle spent anodes .
from the elcctrorefining procers.. Flgure 2 iu o block dirgram of the slups
in this anode recovery process. The {eed is an ancde from a completed
electiorefining run. These anodes are generatoed when the electreretsving
process shuts down due to anode sulidification or high back EMF within the
civotrorefining cell.  in either case the impurity level ir the anode s
too high ior further prucessing in electroreliining. The plutonlum content
of the anede 18 typicully 8b=YU1), by welght., The remainder of the anode i
metal Impurities, principally galliuvm,

The first step 1s a polishing process, Filgure 3, using Ca to reduce
any oxides to metul. Oxides may be gencerated during handling by exjpasure
to the dry air glovebox atmosphere.  ciost often, however, anodes huve a
delay in proceasing while belug calorinetered., Thls may take {ren ere dav
to two weeks depeuding on NDA equipment avallability. A thin layor of
oxlde will accunulate during this walt ind must be reduced to metal prior
to further processing., This step also helps clean the oroede of any auher-
Ing sults or sult Inclusion trom clectrerefining.

After pollslilng, the arcde s rescted with a moltoa 31 mole %
00l 2 RCY eutectle salt.  Thle malt conposition wee chosen becatige ot the
case’of preparatlon md because It is close to the compound },thlﬁ. This
Halt doen not pick up malsture after preperation.  Figure 4 shows the baste
chemlvtry of the process.  The majoer anvde tepurities that will recece
enCl, wre Amy, U and Al,  Alundnum chlorlde, however, s very volatile and
will™bo bl otdy Al remainlng Impurlties such o Ga, Ta, Fo ana W orema'n
metalile and combline with the generoted zloe to ferm a metal buttoen,  This
button (s typleally cirenrdable,

The salt phare {n predondnately a preen salt and o slight anount of
proey kalte X=1ey dIffractien has shown the preer nuit to be 90-907 K,
Micl o with the remainder KCL. Thls in expected because of the KCL rich
wnlr?x Inltially precent. The prey phase analyzes B0Z K PuCl , 105 hUo aed
100 Zne The sine Fog terdn to increase with decreaning gnuduhqultv.
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Table ]

Free Energy of Forration of Chlorides

1000°k
Chloride - -
(lca1/gﬁ?:qu1v. 1) Reference
KC1 81.6 17
caCl; 76.17 17
LT 16.2 \7
Al 67.9 18
PuCl; 52.4 19
‘ol 1, §7.7 1?7
W1, 54.0 20
:12:3 47.1 21
e
oty y n
. 21
InCl, M.l 2l
crC, 32.8 21
GaCl, 32.5 18
(. A P 30.4 21
TaCly 30.4 21
SiCl, 2r.0 18
8CY,y | 27.4 3
PoCl; 26.5 2l
FeCY, 26.3 22
CuCl 22.0 17
NiCl, 18.6 21
dClg 6.0 21
W, 5.3 2l
w1, 4.5 el
Wl 4.0 el
cely, - 1.7 )



-..h'-.u. dend w

" [)
v ode A

[
. My ! .
PR 7o . SOV

o

el . A o e s ',.
") ae olin B e et el it i, e sl Al e e e o b o

’

1
-
@ o

|

. .
ST
a

XBL DISCARD

SALTS DISCARD =

",
GREY SAL °S Zntl, ZnCl, KC!
et
GREEN SALT
<rSI\LTS DISCARD &2 AEDUCTION Ca
a
¢XBL DiISCARD PuCt, CaCi;
XBL DISCARD LIQUATION OF -

TOP PHASE RECYCLE

METAL BUTTONS

XBL

SKULL UXIDE

VACUUM CASTING

——ee. —_——

DEPLETED ANODE

RECOVERY

ELECTROREFINING

ELECTROREFIN:NG SALTS

' PURE METAL I

Tre P o T lmes )2




ANODE PRE-POLISHING -

— = - .Y
— )
i A
Lo AR REACTION:
];lhu" o v e L an
TR e L
- RO e - 850 C
- :!::__' wnset (PueM) + Ca® -— (PueM)® + CaCi, * CaO
= i bt
—:: :i
. s Mag) [
[ '-'E‘ [T .
e wl
b -
r= Vs y O |

hil I-A-l.‘ l.‘:hd:l:l- -
prErr i el
s

a’

rlﬂ“l'll 1, Anevd'se pProals i lghlige



REACTION: re0C
2(Pu — 0.25 Ga) + 3ZnC!, -— 2PuCl, + (3 Zn — 0.5 Ga)

ZINC METAL RESIDUE WITH
GALLIUM AND OTHER METALLIC
IMPURITIES




Further andiysis lLas snown area: necl the Zn to coentain Ga, Fe, Ja, (1 aud
Ni. Tuis grey phase 1s sepiarated anc recvcled through & polisting step.

The green salt 1 redu.ed to Pu metal .with calciur, Figure 3. liied
CaC’, i< added tc help contrel the reacticn rate by diluting the dried,
crusﬁud PuCl,"KC]l sait, The rewction between the PuCl, and the calcivm is
s0 vigorcus ghat the calcium is added as an ingot to léssen the avallcbie
surface area. The CaCl, addition has also been found tu eliminate bLlack
salt forrution in the .eduction step.

Yields from the reduction are consistently greater than 98%. The
prodvct button is tvpically a two phase metal. The bottom phase is predom-
inately plutonium with only small amounts of Zn and Ca. The top pharfe is
approxirately 50-00% plutoniur: with the renainder Zr and Ca., Thesc phLases
can be mechawically separuted although a more efficient methcd bas been
developed. Liquation, or & gravity separation, rcgregates the button intu
two easily separable phases. Figure 6 shows Llie liquaticn step. The metal
is loaded into a long narrcw crucible and held molten at 850°C for six
hours. The metal, wher removed, easily breaks into an upper phase of
¢ensity 7-9%m/cm” and a lower phase of density 14-15.4gm/cm™. Analyses
sliows the lcwer phase to be 95-98% plutonium with the remaircder zinc anu @
very smril amount of calclum. The upper phase is typlcaliy 20-60% Pu and
the remainder zinc and calcium. The lower, deuser phase is of adequate
purity to be fed back into cvlectrurefining.

The top pliase, containing a significant amount eof plutenium can be
reoxidized using ZnCl, in KCl. The zinc is removed from the system as zinc
metal and the calcium™is oxidizea to CaCli, which is inert in the subsequent
pyroredox calcium reduction step. This c}osea all the recovery loops
withinr the process ard only discardable residues are generated,

Gue of the developwernts that has lacilitated the pyroredox process 1s
improved salt handling and purification capabilities. The Zntl,; KC1
eutectic 1s produced by melting the appropriate amounts ol cach“reagent in
a pyrex glavs tube such as that shown in Figure 7.

Undeslrable exygen 1 removed from the mixture by bubbling i1 throupl
the melt, Aiter condltioning with LCl, argon is sparged through the ne't
Lu remove all residual HCl. A filtering tube 1& then lowered Into the
Lelt, The filter is a pyrex frit and 1s used to remove any large unnelted
particles or any inscluble products generatced in the HCL conditioning.

I'Ipure 8 shows the molten salt transler apparatus for casting the
[iltered salt into a pyrex nold. All components ot thi:. system arcu quarts
or pyrex plass, Because of the length of the Ltranster tube provlricis nust
be madv to maintain the salt In & molten state. Heat tape wrapplng such as
that shown In Fipgure 9 serves to keep the transler tube above the freezluy
temperature of the wult. ‘lhie actual movencnt o1 the salt results fron
evaturtion of the mold witli vacuum or a slight pressurization of the
concitloning crucible or both, The ZnCl » RC] mixture shrinks signiflcuantly
npon coollng and slips easily out of the“meld.

Arother major R&D eliort is the regeneralion ol spent direct oxide
reductdon salts. The CaCl, salt contains between 7-15 wt. 2 CaO. The



REACTION:
2 PuCl , + 3 Ca®
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calciu {8 n reaction product from the reducticen of piutenium oxide w. Ll
calcium metal. 1he salts are good for only a siugle run becrusr ol the
relatively Jow, 18.5%, solubility of CaO in CaCl, et K50“C. The CaCl, ‘*CaC
sait aleo cortuins approximately 1 wt, % calciuw? ’

because the CaCl, * CaQ sult 18 the mnior residuc Lrowm the oxide ro-
ductlon process it is very desirable to close the louop by regeuerstion of
the salt. Anr edditlonal Lenefit is the increascd purity of the regenerutued
balt. The calcium added to reduce the Pu0, alsu reduces ali the impuritics
in the galt tu metuls that are then getter&d by the extremely uctive
plutonium metal., The resulting salt contains smrcll awounts of uncoalesced
pluturiijum metal, culecla ana culeium chloride. 'The suit 1s completely Lrud
of wdditional impurities,

Several chlurinating agents have buen used in cefforts to achileve au
acceptable level of Ca0 removal while not intreducing additional oxvgen or
othar impurities. Figure 10 shows tlic chemistry of this regcuerution. 7The
two most prumising 1cagents were Initially thought to be anliydiou: lindropen
chloride gas cond phosgene. The hydrogen from the HCl is o gould :ceducing
apent and removesx the oxypen in the form of water., Becouse the repen-
eration is done in molten CaCl,CuG, the woter wi'll volatiiize. ‘his
react ion, however Iwo reversihl¢, especlally ¢t hiph temperlature,

Phesgene, CUCl, was choden bucouse the reducing agent, CO, 48 much
stronger than hvdrofen and the reaction rhould be Irre rersible ut high
tenperature. Phusgene 1, Lhuowever, a very ircactive matarial and very
corroeds o at high temperature. Platinum wae used in Lhe 1nitial terts au
tantalu, was used in Jarger scale wxperimentn in the regeneirtion of spent
uxile reduction salts uning both W'l ana chloriue,

Chlorine wau ured as a third chlorinating agent bhecause it introducer
no other eivmunts Into the system. At high tenperetures Cl, disassociator
te provide tla attomic chloring. However because no 1educinp apent 1
present the calcla rerioval was expected to he poor,

Coleda concerntration wos determined an alkalinity by a wet chenintry
method,  Flgure 11 shews the Ca) conteny an o furcetion of tine tor the
three chlorinating agertsn. ‘The chlorine appeasrn to be supericr to eithe
Cocl, or HCd. The HCT resultr may be explained by the rovercibility o1 the
chlofinatfon reactien, Further study ol the COCL, results led to the
potsibhility of the calela and carbon dioxide reacting to gorm calelur,
carbonate.  Carbon annlyeis on phosgene repuerated samples turtlice nupport
the thoory ol carbonate forration.s A8 geen In Figure 1 the carbon lovel
ol the walt Incroenkes dramntically for contact timed of up to 00 tlnutes,
The carbon levels begin to fall Indicating possdble further reaction ol the
carbonate to form calelum chlovide aid two molecules vl carbon dioxtds,
Prom the trem! o1 this data, extremely long contact times would be nevdeu
tu reduce the carbon levels back to that ortginally In the anlt,

A more specdi e meanire of resfdusi oxvgen content e neutron ac-
tivatlon. Figure 1} in the oxygen content ol regenerated snlts as a
funct fon ot contact timew. Again chlorine In ¢learly the denlrable ehle-
pinating apent 1or removing reafdual ciypen. Although Hel does vemove



* CaCl, Hegeneration and Hecycle

Pud; + 2 ca + 1 CaCl,—py 4

2 Ca0 - 11 CaCl,
1. Ca0 +
2.

Sl I, CaTrivm o



RESIDUAL ALKALINITY AS CaO (wi%)
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CARBON PROFILE N COCl, REGENERATED SALTS
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RESDUAL OXYGEN IN REGENERATED SALTS BY NELJTRON ACTIVATION
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oxvgen, no clear reduction is observed until after 90 minutes ol countact
time. Virtually r.o oxygen decrease is apparent from the phcemgene snmples,
Work is contiruing on the regeneratior of spent oxide reduction salts using
both HC1l ard chlorine.

These arc two of the maior new developments In the pyrocherical
processing of plutoulum at Los Alamos. Thest¢ efforts have resulted in tore
rapid recycle of plutonium residues and will, Feopefully in the near futuic
cumpletely vliminate cue of our large volume residues.



