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A SMALL-SCAI.10: STUDY
ONTHEI)LSSOL(IION AWAW)N-tXCHAN(;K RE(X)VERY OFPI.l”IONIU.M”

FROMROCK}”FMTS” PItiWiT INCINEXtATOR ASH

Thomas W. Mum. Robert G. Behrens,
Victor J. Salazar, and Pamela Ii. Nystrom

ABSTRACT

Incinerator ash has been proces..edsuccessfullyM plut~imnn production sites for many
years. but not without somedifficulty. Problems arise from complicatedash chemistriesthat
adverselyaffect processoperationsand efficiencies.We performed small-scaleexperimentsto
examine four specificareas identified by Rocky Flats Plant personnel as sufficiently impor-
tant to vvarrant further investigationto determine {1) the optimal feed fluoride concentration
(the relationship betweenfluoride concentrationand overall plutonium/ash diswlution in the
nitric/hydrofluoric acid system),(2) the effect of free Iluoride on anion exchangeperformance
if aluminum nitrate is not added to ash filtrates as a completing agent, (3) possibleequipment
corrosion problems resulting from potentially large quantities of uncompleted fiuoride, and
(4) the effectsof unburned carbonaceousmaterial on anion exchangebehavior. our findings
are reported.

18{TRODLtTION

Combustiblewastesare generatedfrom plutonium
processingactivitiesacrossthe defenseprogramscom-
plex. Becausetheseresiduestypically do net meetdis-
card limits. the) are incineratedto reducetheir volume
andconvertthemto a formmoresuitablefor reclamation
of their plutoniumcontent.

.%h from the incinerationof these materials has
proven to be one of the more difticult matricesfrom
which to soiubilize plutonium.often requiringthreeor
more passesbefore a discardableresidueis obuiined.
Poordissolutioncharacteristicscoupledwith low pluto-
nium contenthave made ash one of the lessdesirable
scrapsto process. However. as plutoniumstreamsbe-
come leaner. ash processingbecomesincreasinglyim-
portantin the plutoniumrecoverycycle.

Although incineratora..h hasbeen successfullypro-
cewed at productionsitesfor a numberof years.there
have been obstaclesother than the difficulty of disso-
lution. Complicationsariseas a resultof contaminants
foundin ashthatadverse)yaffectprocessoperationsand
efficiencies. Two contaminantsthat have long plagued
ashprocessingare siliconandcarbon.

Silica. whichis itbundantin ash.reiictswith !Iuoridcto
produceSiFJ(g)thatreactswith waterto form Huorosili-
cic acid and silicon solidsthat plug offgas systems.’.2
Additionally. aluminum nitrate. which is addedto dis-
solvertiltratesto complexfree fluoride.complexeswith
siliconspeciespresentto form iI troublesomegelatinous
precipitatethat readily plugs filters. [f this gel is not
completelyremoved.solidscollect in storagetanksand
diminishedflow or plugging of ion-exchangesystems
occurs.

Carbon.reporteditshigh as 36 wt % in Rocky Flats
Plant a..h.3can most often bc attributedto incomplete
combustionof glove-boxglovesand plasticsduring in-
cineration. At Los Alamos. experiencewith procewing
off-site incineratorashhasshownthat high-carbonash
presentsa myriad of problems.including(a) excessive
foamingduringa..hadditionto thedissolverwhenusing
nitnc/hydrofluoricacid mixtures.(b) pcor filtration, (c)
a viscousresiduebuildupon equipment,and(d) fouling
of anion-exchangecolumns.sRebumingincineratorash
at 600°C for a periodof 4 hourshasbeenshownto be
a simpleandeffectivemethodfor carbonremoval?Ac-
cordingly.Los Alamos hasemployedrotarycalcination
for this purposeand has successfullymitigateddown-
streamproblemsassociatedwith carbon.
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Four ~j)ccilic itrcasasw.iated with itsh prncessirtg
Wereidentifiedby RI-.Pitswtfticientiyimpnnitntto witr-
ritnt turther in~wstigittion:[ 1J the relittionshipbetween
the citicium Ilunride addition rittc and nvcraii piuto-
nium/itshdissoiutinnwhen (iissoivingash in the nitric/
h).ttrotluoricacid~}.stcn~.[2~theeftectof freefluorideon
imion-eschimgepwfnnnitnccif itiuminumnitrateis not
itttdettto itshtiitrite as it cnmpicxirtgagent.(3) possible
equipmentcnrnwionprobiernsrewiting from Potentially
imgc tjuiuttitiesof uncompiexedfluoride.and(4) thecf-
!ects n!”ash citrhtmaceousmiitcriai on imion-exchitnge
bchtivior.

Aithoughit witsour tlcsircto cxtwttttheMWpCof this
study hcynndthe four arcitsidentitiett.this writsdeter-
minedto IX in-powihie if chungcsto the tlnwshcetw’ere
to be Implementedin time for the scheduiwtPROVE
wu-tup.Therct’ore.w,ewereiimited to usingas-designed
PROVE operittirtgpimimetcrsthat may m miiy not be
optimum for achievingmitximum processcfticiencyor
productquaiit}’.

The projectedstudy was dividett into two separate
phases.In PhaseL both Los Aiamos and RFP were to
conductit seriesof six smidi-sciticscoutingtestsusing
~.aryingieveisof caiciumfluorideto determinetheopti-
mum fluorideconcentrationfor promotingplu(onium/ash
diwoiutiort. The corrosionpotentialandeffectivecapac-

Equipment

Twn-irtchc:twadingitir-ilft diwoilx.m wcrt designed
iultt (abricatcdat LOSAiiilno\ l(;r th~’tiisw)iutllm{If in-
cinerittorilsh and il l-in. itnion-c.whimgtLO(}iumII~it~
itssembietifor the w!parationittt(i recover}(d”plutnnium
from the iish!iitratc. An idcntictiisetof cquipmmttw:i~
tritnsferrettto RFP for usein ptmtiicicxperinww

The citsfxie ttiwoivcr (Fig. I Jwas it\\~tnhld using
three2-in. dkmwterby i2-in. longglass-pipettiwoivm
w“ithheadsfithricittedfrom chhwinatcdp(jij”~.in}.ichit)-
ride fC’PVC.’)stock. The diwnivm. in series.were itir-
spargettiu]d fed by gratity from ntw to the tjthcr. A
samplingvaivcwitspktccdon theurtdcrsittcof theotwr-
I1OWpipehetwewtdiwoivers. Eitchdissoivcrwx heiited
extt?mitiiywith it hol piutcto W]opcratirtgtemperatureof

- 5’”C.I)issoitcr ie~~h~tewas~ir~uiatedh). draft.I(M) -
tube ( i-in. Y 17-3/4-in.) itir itctinrtthat filciiitittcdpitr-
ticie suspensionfor mitximumiiquid/soiidcontitcl. Air.
rcguiatedthroughit suppiymwtifoidcquippctlwith me-
tering vaivcs.witsdeiivcredindependentlyto eachdi+
solverat it ritte of 6(N)cm~/min. Off-gtis vapnr~were
cnliectedin a 3-in. diinneterby i2-in. longtlitngctt@tss-
pipescrubber.patiiaiiy tiiicd with waterandtittedwith a
coolingcoii suppiiedby a uinsed-iuopnq,uttive-pressure
chilicd wittcrsystem. Ash. txkium ~luoritlc.and nitric
acidwereintroducedthrnughit feedinict funncimounted
on the first tiissolvcr. Ash itnd citlcium Iluoride were
mitnttitiiywldcd. whcrem nitric itcittwk.titi~xlwas con-
troiicd usinga peristahicpump hmveen the w.id feed
ctnk id the first diswivcr. Letichatcexiting the third
dissoiveroferflowd to it !iitcrboitt!ittcdwith u j-pn] fii-
termgcioth and was coilccteditnttstoretJin uiuwt(win.
giassreceivertanks.

The imitm-cxchimgcu)itmtil (Fig. 2Jwasuonstructctt
using it Yin. by 12-in. giaf~ pipe and (:PVC” tlanges
fittedwith a high-densitypoiyeth}ienefrit. Fiow twntroi
wasmaintainedusinga peristitlticpump. Efllucnt.wash.
and eiuate streamswere coilectcdin clean 6-in. ghtss
receivingtanks. All column mns were mtmitorcdusing
a computer-basedon-linegammamonitorsimiiar to that
emph)yedon our productioncolumns.’.x
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k’ig.2. Anion-exchmgccolumnusedfor small-scaleincin-
cratwashwdies.

During or follo~ing each processingstep, samples
were imidyTedfor plutonium or elemental impurities
All solid mawriais.exceptfor the ash feed. which was
blendedwell. weremixedjust beforesampling.Accord-
ingly. the sampletaken may not have beenrepresenta-
tive and is subjectto emorgreaterthanthat inherentin
the methodof analysis. Where un analyticaltechnique
requiredthatiI solidsamplefirsthe soluhilized,a sealed-
rellu.xdissolutirmwas pert”cwrned.’1

W“iththe exception(d’ the eiemcntsnt~tt’dIWIOW.itli
clenwntal1itiucsrepottedw“crcdeterminedh} usingDC-
;IIT crnissionspectroscopy.This te~hniqli..h:lsu factor
f)t 2 accuracyilnd i{ prccisinn:)f 50(I rc’liNi\’C\tiinditrd
dwiittilm [R.SD).Plutoniumttiiucs Nerc dctcrminwth}
r:tdiochemictitmethodshtivinga statedaccur:tcyof .!.-Sf:i
RSD. Pjuoride:indchtoridcconccvttrtitimwv.’crcdcter-
mimxiusingion-selectiveeiu.trodcshit~”ingiInestimated
precisionof 5% RSD t’nreither cienwnt. For cwnpari-
son.fluorideconcerttrittimtswere alsodeterminedusing
on-site itrmlyticitlcitpabiiitics. Swnpicswere itnaiyzcd
using ion-sektile electrodesand a startditrdaddition
methodof imitiycis.The unlwtiiinty of nwitwmmcntfor
this tecimiqueis 10(2 itt the 95% confidencelevel.

Ciirh~nandhydrogenweredctemtinedb).nliis~spcu-
lrometry. The itctwracyfor this method is typicvdly
().2s’:;, Nitrogen wits detcmineti b} the KjAhthi-
Nessiermethod.

Piutoniurnconcentrationadjustmentsnntmion-exchitngc
feedswerebitsedon gitn]miliIssaysfor phmmiumusing
tin in-line solutionitssa} instrument. operitting expc-
riertcehitsdemwtstritteditn itccuracyof itpproximittciy
5V for this inslmment. The adjustedfeed w-it..!henre-
w]mpledfor phmmium cmwentrationdeterminationby
t !{iit)chemis[ry.

Experimental Procedure

Dissolution. A seriesof six scpitrittewmdi+cide diw
wiuticmswereperformedusingfeed fluorideconcentra-
tions of 0.4. 0. i. ().25, 0.35. ().5. id [).4 M respec-
tively %h fmm blend lot I wits exhausttxiiift~r run
4. and iish from biend iot 2 wits mcd for the rcmain-
ing two disdttiorw. Betiweeachexperiment.itshand
cxdciumfluoridewereweighedimdpackagedin itliquots
sized to achievethe dcwircdhourly itdditionrate. Be-
causethe scaled-downequipmentdid not permit using
an auger feeder.we mitnuitliyaddedone quitrterof itn
aliquotevery 15 min. Buik concentratednitric acidwoits
diluted to 9 M with deionizedwater and fed c(mtinu-
ouslyto thedissolversduringthe run. At Germination.a
2-L aiiquotwascollectedfor corrosiontesting.The re-
mainingfikratewastransferredtoandprocessedthrough
anion-exchangebeforeproceedingwith the next disso-
lution. The dissolverswere disitwemhledfor ckmout.
gloveboxeswere cleaned.and it mitteriiii balancewas
established.

Corrosion Studies. Becausethe aiuminum nitratead-
dition stepwas eliminated, there was concernover the
resistanceof 304L stainlesssteel to generaiand iocid-
ized fluoride-inducedcorrosion. A cyclic potentiody-
namic poiarizitti(mscitnwits performedon each fiitrute
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Anion-k:xchange. ,\ cxmqw;ititc dcIcI :nit)i~tiontd’ c“!d
umn ~xiwc.ity tor L’ilL’tlwdufion \\ ils Itlc Illulk d 1~1uh(ucc
tk)r c\ dluirliltg IIN ct’fc~ls d UllL”l)IlllJ!c”\C(i Ilutwidc (m
iulion-c~cshiuly twhat”ior. .As INWI h} \l:wsh iltl(l ( LIl -

k’yx.’~

Th~ d“f~t.tit”t~iip::~.it}Ot itn irnionCX~hJng~
columnmity !w dctmmimxiiti \;wious Wil)”S.
Some invc~tigimw~hirw chosen[() reportthe
qu.ulli(} U1plutoniumrcttiinwton (1witmcx-
changccolumn Nhen th,: plutoniumexiting
the ctdumn[htidithrotigtt) rcihw pre&tcr-
mincd Imcls.. .
\\~sC“hoscinstc;ldto dctclminc[hc wtturation
~“ii~it~it} Of the itnion ~~~.hitt]~~column b}
hxtdingctiuhculumnwith a ~whuncuf fmi
wdutilm thiit cont:linedW1t~ccss of plut~-
nluln.

Alth[mgh wc iigr~~ with their appnxtch.the limited
~iliintit} (~t”ii\h feed :nailirhtercstrictwtU%M>usingthe
““hr~i]kthrl~ugll””technique. According}. we choseto
bilw illl ~t)lunlnuupircil}dctcrminatinnsun it 5f/i ICWI
t)f p!utoniumlwcirkthrlwgh.

Tn minimi/c \ itriilhiltl} introducedwhen prncessirtg
union-cxchangcfeedswith dilfcring phmmium virhm.
wc adjustedfeed phmmium cnnccntrationsto approxi-
mately 1.5 @. Grth sampleswere tirhcnfrom the ef-
llucnt strewnat 2.5- to 5.()-L intervalsimti iuMlywl for
plutonium. From the feedplutnniumconcentration.plu-
tonium in the effluent.samplenumber.andcorresptmd-
ingeftlmmtvolumecollcctui. wc wereable10determine
the columncapacityat 5’”;hreakthruugh.

[n itll tests.the column wa.. loadedand washed(7.5
M nitric it~id) in [hc uptluwdiiection. andelutedusing
a downwardI1OWof ().35 M niiric acid.

RES[!L”H .4S1) DISCL”SSIOX

Ash E“eed

Ttiblc1shuw.sthecornpnsitionof irshbeforeandafter
rotarycidcinittionundof the ashheel folhmvingeachof
the six dissolutions.A lossin net weightwas seenand
is attributedto impuritiesthat reactwith oxygenduring
hurnirrg(rotary calcination)and are removedin the off
gas. Conversely.one would expectthe nonvolatileim-
puritiesto becomemoreconcentrated.butmanyof these
alsnshowa dccrcasein relativeconcentrationfollowing

DissolutionStudies

!it J ,urnunt”Ilw Ic’tt“!t)t tlutwideIwstw”[cdfur plu-
toniumJlswdutitm.c“ritcriiiI)thcrttl:lnthe.mloun[(1!plu-
tonium●oluhilizcdwerecrmwdered:Ii)r CXiUllplt!. the rit-

lh of phmmium{(JhulkiIdl dissolwd. whichif in propw
prqmtitm. cxwldred in a diw”ilrd;lbk I102I. Also. one
would hopeto minimilt the ti)ftni]tioll 01 SiF$illld plUg-

ging of the off-gti~S!stcn]hy Iimitillg the irmmmtuf
Iluoridcaddedto the minimum mount nmxhd thr opti-
mum plutoniumdissolution.

Inevitablywm spillageom.m whenprocessingM-
clc:irm:mxialsin a glove hex. 13ecwuscnf the difficulty
in determiningtheamuuntof plutoniumor hulk ashlost
to iI spilL w electednot to considerthcw Iossmwhen
Ciihlitthg the rlutoniurnand hulk it\h tiissolutionetli-
ciencies.Accordingly.thecomputedMicitmciesmay be
slightlyhigherthiinthe WIIUCSrepntmd.

WCcnmputcdplutonium(P~)anditsh(A,l) dissolution
efficiencyil!i fnlinws:

and

(F - FP)+ (H - HP)
Ad= 1-

A - AP
x 100

where

A = net weightof ashfeed.grams:
AP = weightof plutoniumin ashfeed.grams:
F = weightof filter residue.grams:
FP = weightof plutoniumin the filter residue.grams:
H = weightof ashheel. grams:
HP = weightcf plutuniumin the ashheel. grams:
Pi = weightof plutoniumin the ashfiltrate.grams:and
P, = weightof plutoniumin the Ieuchate.grams,

As shownin Fig. 3. theamountof plutoniumandbulk
iushdissolvedincrcad with increasingllunridcconcen-
trationsup to ().35 M and leveled off thereafter. The
one exceptionis the markeddifferencein bulk dissolu-
tion from lot 1 to lot 2 at 0.4 M fluoride, As a result
of thisdifference,theheel left afterprocessingashfrom
lot 2 wasdiscardable.

Pluggingof theoff-gassystemwasencounteredwhen
thefeedfluorideconcentrationexceeded().4 M. Because

5
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Fig. 3. Single-passplutoniumandbulkashdissolutioneffi-
cienciesat fluorideconcentrationsof 0.1-t15,M.

we werefirstinclinedto attributethisto a changein feed
(blendlot 2 was used for the 0.5 M test). we elected
to repeat dissolutionat 0.4 M using feed from lot 2.

6

Whenpluggingwasnotobservedin therepeatedrun. we
assumedtha:fluorideaddedin excessof ().4 M increused
SiF$(g)formation.

Corrosion Studies

A portionof the 2-L aliquotscollectedfrom five of
the six dissolutionfiltrates were testedwith solution-
annealedor sensitized304 L stainlesssteel coupons,
Table 11showsthe generalcomosionratesfoundfor the
five ash tiltratestested. An increasein the rate of cor-
rosionwas observedat elevatedtemperature:however.
resultswere within the acceptablelimits establishedat
RFP. Solutionsretestedfol!owing aluminumnitratead-
dition showedno significantdifference in the rate of
comosion.No localizedattackwasfoundat eitherroom
or elevatedf9&95°cJ temperatures.
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In our stud}. wide reductionwits performedIxtsed
on columndiameteronly. Therefore.cmtsemttivelyes-
tinumngthitt ttw resinnwupies S()% nf the total coi-
umnvolume.thefeedresidencetime witsitpprnximittely
I min. Becituseplutonium tibsnrptionis kinetically
limited. iI submmtiidreductionin hcd residencetime
cnuldimpitctrcwt pert”omwtw-even Lcu”atit.whichis
known for its outstandingsorptionkinetics. As shown
in Titblc H1. our ~olumethv rittc w.. itbout 10 times
greittcr thiin that plitnned in PROVE. (The pROVE
imion-wwhitngcs}wem is composedof two 6-in. diam-
eterh} (W-in. longcolumns.)

Table111.Anion-exchimgcopmttingpitritmctcrsusedin
smitll-scitlcstudiesimd PROVE.

Small-Scale
Studies PROVE

——

Flow (L/hour) 37.5 15(1
Feed(Puin @) -1.5 -1.5
FeedFlowrmc(mgPurein- ~m-2) 22.6 ~~.j

ColumnVolume(LJ 1.39 IS()
Volume Flow talc (cv/11) ~700 2.75

Table N showsthe plutonium,aluminum,and flu-
oride concentrationsof anion-exchangefeed beforead-
justmentand the column capacityat the varying feed
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Anion-cxchimgefeedfrom dissolutionusing0.35 M
fluoridehadtheIow-cstF:AI:Purittintindthehighestcol-
umnplutoniumIoitdingitt5% lmmkthrough.In mttrast.
wc foundthe next highestcolumnplutoniumloadings
w’ereattainedusingfeedhavingthegreatestPu:Fratios.
However.the datit itre incompletebecituwof itn over-
sight in requestingaluminumfor feeds5 imd 6. This
witsnotrecognizeduntil afterthesamplewasdiscarded.

h is importitntto notethatthetluoridt vitluesshown
in TableIV do notnecessitrilyindicatethe levelor pres-
enceof free fluoride. In fact.we suspectthattheabun-
danceof silicon.ithtminum.itndtantalumpresentin ash
is sufficientto complexany fluoridepresentover the
entirerimgeaddedat dissolution.

Ryitnet al.l~ determinedthe equilibriumand oper-
ittiomtlcapacityof Lewatit MP-500-FK resinfrom 7M
HNOJ as it functionof solution-phitscp!utoniumcon-
centration. Using it 1.08 g Pu/L feed at it tlowrateof
16mg Pu rein-1cm-s( 17.8cv/hour).theyestimatedthe
equilibriumcitpitcityto be 86.5 g Pu/L resin. With the
samefeed. they recommenda maximumoperatingcit-
pacityof about67 g PtdL resinfor a primarycolumnof
a two-columnseries.

In our smitll-scidcsystemwherethe feed flow rate
was itpproximately23 mg Pu min ] cm-z (27 cv/hr). a
wettedresincitpitcityof 54 to 66 g Pu/L witsrealizedat
5% phmmiumbreakthrough.

MarshiJ found that the distributioncocfticient(IQ
of plutoniumwas measurablysuppressedat all levels
of fluoridetested.nc matterhow muchaluminumwas
added.for dynamiccontactperiodsfrom 10 to 60 min.
Fromthedatapresentedin Fig. 4 havingF:A1:Puratios
thatnearlyapproximateours,it wouldappearthattheKd
of plutoniummaynotbe significantlyaffectedatcontact
periodsof lessthan 1-2 min.
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CO!WLLNOM

It would F.. purely \pcculitti\.ca; this point to draw
anyconclusionsuntil ourcottnterptmat RFP havecom-
pleied smitll-wtle pitrallel studiesitntl we have con-
ductedproduction-scalewwilicationtesting. However.
a few preliminaryohservittimtsmay be in order.

“ The quantityof pluloniumsolubilizedfrom incinera-1.

9-.

3. .

x

tor itshtestedis comparableat addedflutvide levels
of 0.35. ().4().and 0.5 M.

h would appearpossibleto oktin it discardableash
heel following single-passdissolutionby addingan
itmountof fluoridejust sufficientto promotemaxi-
mum plutoniumdissolutionwhile leavingthe major
fractionof the bulk ashbehind. For sometypesof
incineratoritsh.().4 M fluorideadditionmity be well
suited.

For itshtested.itsfeedfluorideis increitsedabove0.4
M. off-gaspluggingbecomesa concern.

-!.

5. .

All dissolverfiltrittcstestedwere within RFP itccept-
able limits of corrosion. It would appearthat tb:
itluminumnitritteitdditionmitybecliminittedwithcut
severelyaffectingthe Iifctime of equipment.

‘lltroughot.ttour studieswe observedno discmlorittmn
of anionexchimgeresin. However.RFP husreported
a darkenedresinbedanda diminishedcolumncapitc-
ity itfteronerun. Experienceitt Los Alitmoscoupled
with thepreliminaryfindingsitt RFP indicittethatthe
presenceof carbon in ash adverselyeffects imion-
exchangcperfmtrtitncc.
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