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Polymers for Nuclear Materials Processing

Gordon Jm-vinen*, Brian Ilenicewicz. Joseph Duke, Beuy Jnrgeu.wn,

D~nicl Kahios, and Stephen Yarbro

Abstract

This is the final re+ort of a orw-year, LalmrWwy-Dircctcd Rwcurch and

Devclopmenl (LDRD) pro@cl al the Los Alanws Nmirmal LAorauq (LANL).

Tk use of open-celled microcelhdar foams assolid sortwnL% for metal ions and

other solutes could provide a revolutionary developmem in separation science.

Macromticular and gel-head mauxiitls are the current s[ate-of-the-art for solid

scrlxnm to scparalc mctd ions and ()[her solutes from solution. The new

polymer mitterids cxamind in this effmt otkr a number of advantage-s over the

older muhxials that can have x large impact on industrial separwkms. The

advanmgcs include Iargcr usatilc surfxe am-a in contact with the solution. faster

.sorplion kinelics. ahili[y 10 tailor lIICuniform CCIIsize 10 a spxific application,

and elimination of channeling and packing instability.

1. Background and Research Objectives

Muxorcticular and gel-head mmcnals am the current state-of+hc-m for solid sorbe-nts 10

.scparalc mclal ions and ollwr .soluhx from sohuion. Howwcr. Open-celled micrtuwllular foams

uiXx a number of advantages over thwx cunvcnthmal surlxns LIIaIw cxpwwl II) have iI lqy.-

impact on .wpamlions. including nuclc.ar ma~.litils pwccssing and waste SIIV,IINclcmmp ‘[IUXC

advwqys indudc a lurgcr Usuh[c surfwx mu in cimt.uut wil,h k sthi(Jn. fwtcr .stll~iun

kinc[ics, t.hcability to tailor the unilcmm cdl six to a spccitic qy-dicalicm, and W ~liminalion of

channeling and pitck.iIkg instability.
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The purpose of Lhis proj.tx[ was to skngthen k ckulopmenl Ofihis pokntially

superior separation technology by linking mlvaneed synthek polymer work with the

experimental and Worelical tmds or chwn id cnginwring w cluuaderk d)- cxciling rnx

mimxids and m evalume their pctieal applicwitm mom rapidly. To achieve this emd, a varictY

of foams were synthesid tind ihcn cnginccrcd in[o a cohmm design. lhk flow propenics

were then cvalualc-d over a rungc of air and waler mobile-phxe-th.rouglqmt rabs. The.w rcsulL%

wcm tkn compared 10 throughput rates expected from similar malerkls fabricakd in resin form

to validwe *C in~provements provided by this rww technology, and [n a provide a basis upon

which a foam can be designed and optimi?dd to salisfy any H of poccss spocificdons.

2. [mporlance 10 LANL’s Science and Technology Base am-l National R&D

Needs

The &vclopmcnt of advanced uxhnologics m nxover radioactive specic$ front wasw

.slrcams is a mtijor rmcd w a numhcr d’ DOE si[m. Tw-hnologics we required [hat ,aw faslrr,

more efh!icnl and produce lCS*waslc. S~citlc sites of the DOE compltx where these new

hxhrmlogies are needed include Los Alamt~s, Rocky Fhus, lt.laho NA(~f]itl Engineering

hboratory, !$avannah Riwx. and Hanford. km exchange and chelating wins (typically in

bead iorm) aIU currently u.scd to mmovc nucltxr nmlixitils and mhcr Auks from processing

and waste s~mns. Howcwx, [he hcwl mutcrials halt pmhlcms including pucking im~tuhility,

liquid channeling through the hcd, slow sorption or desorptirm kinelics. aod low usable surface

tircas thal [rnd [o lower Lheir efliuienuics. The use of dviu]A rnicrocellulw polyrnelic foams

rmy help m overcome dxse prohl~rns. This technology may also provide a cost-ctleclive

replacement for precipi[n[ion imd less eflluicnt column cxtlaction nw[hods at Los Alamos and

other DOE sites tha[ me required m mat progressively more stringenL discharge mquimncnls.

Al I AWA lilrn~, we MCworking [o SJVCmillions of dollws in c:~piltil imd opxuing tx~sls for

rurmvutions to the Wwitc Treamem Fwility by using improved cxumxion wchnulogies that

grudy rcducc lhc lrtinw.mmic wnlcm( [If wmk slrcams fr.m [h~ Pluhmiurn I%cilil y. 7’hc

polymer-km kchnc]logy is an w!vanwd cxlrxliun Uxlmolugy that Gm conlritwlc subsu.m:i:dly

It) aaxmqdishing Ihtil goal.

3. Scicntifk Approach WI(I Kcsulls to Ualc

. .
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co-monomers In “his process. an emulsion is creakd in which the water is k internal phase

and comprises at least 75% by volume of tic emulsion and the water insoluble monomwx

comprise the nxnaining emulsion volume in (he ti]nlinunus oil phase. FrHCrddicxd

pdynmrization of k monomers in the emuLsion state followed by removal of & water leads

10 the formation of a plymeric cellular material whh oAl sizd.s quivahml b Ilw sire of LIW

wticr hplets in the ~dsion. lk kKgGvolume of water as the imcmd phase of [hc emulsion

allmvs achieving hnmogmwous ultra-low density polymtn-ic fhams wi[h d~msitics as low M I

lb/f$ and as high as 20 lh/ft~. The clmicc of monomas U. in the oil phuc allows for the

post-funclionaliration of the fi~ms to chelating m ion cxchangc materials.

In this work. foams prqurcd from styrenc and chloromcthylstyrunc monomers cross

linked with divinylhenzme. wem fwwtionalinxi wilh phosphuna~ diacid and tiler groups.

Phosphonate Iigands are highly efllcie-n[ in KIIcingup acunides, I’NUfor tkse studies. iron and

curopium WCJCused as sumoga[cs for plu[onium and trivakm[ ac[iniks, rqwdivdy. l%ams

uutpwfomwd beads of Silllililr cwupwilicm in l?atch tests in terms of rate of metal ion Up*

and c~pci[ y from acid solutions [7]. Triwden[ lanthimides such as europium are di fflcult in

extract. but a thribution coeffkiem of 46.8 for 2,5% cmswlinkcd foams was oblaincd in 30

rninutc.s, compared [o 9.4 for 2% cross-linked heads. For iron. tk distrihutinn coefficient WM

1904 for the fuwn find 131 for be-ads widl the same degrees of cress linking as above. These

rC.sulLsshow tha[ lhc acccssihility of the ligands in the lkam is cxccllcnt.

Polymer buns w~re also prepured by graft polymerizing vinylpylidiiw to tlw

chlorumt!lhyl group; thus, crcuing chtin~ U[ an ion Cxchmgc plymcr thw m.wmhh!s the rtsin

pre.scntly used to rccovw Idu[oniurn M !Iw IAN Alamos Plutonium f%cili[y. Under ,acidic

conditions. short chains of polyvinj’lpyridinc Iwcome wincr soiublc duc to promnxitm of tic

nikugcn. As a IEWII. wakr-soluhlc chtiins arc crcdc-d tht mu gra([cd I() a .udid supput.

These chtins arc cxpcctcd tup-ovidc the inqwovcd kinclics of water-soluhlc A&mm whdc

maintaining IJMlwncfils 01 solid sorhcnts. qti,~ing of Ihcsc mntrrials aw~i[s further Iunding.

The functionidizmion of the foams is shown in Figure 1,

‘[llc tqwn-wh.d mimu’.l IUh p dymclic Itxmls cm Iw ltihncm~d wil.h VCIy .qwuilk

p(mksitics (i.&.. t(Kd pom v(dutnc per wlil volume uf [[IWU)A lnlm sizes. Maximizing thL-

p.rwosity and minimizing the prc si-zc incrcaws the surface aru Wr unit volume of foam. Illis

is ‘bcncfiial for scpamlion proccws in Lht il AI maximifis the nunher uf sites in the twluinu

vvhcm either surface cumplcxatiun or iun cxclvmgc or adsorption cm tukc pluc.c. I Iouwcr.

wn:lll~.r ptirc’ sil~’s Ctiu.m:{;n.:ilcr pn”,s-wlrcdn q}s h) rxisl in Iht. cI”IluIIIn, iilltl Iliglk”r lhwtlsilic.h

re,sult in thinrwr inuxccllulur wol Is wit h rcducml smlctuml intcglit y. At clcvatcd 11OWMUX.dlis

n~ay C;III.U?n Iongihtdin;ll conllm’<~ioil 0( llw ct~lillnn Iunlrrint n’s(lllillf. in pmitily niduc[itm.

pnxsutv buildup or pm-haps c.vr[l a SWUCUU-UI!WIUWot’ the (owu monolid~. Ttw design d’ (Iw

-,1
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foam musl thcrcfme strike art Oplimum bakltlm between maximizing iLscfklivc surface urea

while still mainlining its suucud integrhy during normal process opcmtions. Experiments

cortductcxt in lhis research provided the first evaluation of tl~ fluid-flow charachxisdcs through

thee microdhdar polymeric t.oam~ Both untmuexl and sulfnnated sqmctddivinylknmxtc

micrtk.ellular fmrn cylinders wut fahricntd with a pore si7e mngC d 50- IW pm and a

porosity or over 93%. These cylinders wue fixed in a glass column using a styrenc-lmcd

cross linking resin to .wal the annular region l-d wccn [he I_(vimand the gla.xs wall. H uid wus

hen passed dmugh these columns using an cxpw-hnenud setup (shuwn in Figure 2)

specifically designed and cxmstn.wtctl br [his analysis. Both air and wiIIe-rWCIVuwd its WI

tluids. The ioams wmc found to hwe fluid flow resistances comparable to a column

ccmtdining 300 pm diameter resin beads, ‘l%us. the foams not only proved to allow for

superior ligand acecssihiliry, but also allowed for relatively high mohik phase fluid throughput

rates-another si-m cttm the foams mity signillcrmt]y ouqwrfhrm conventional nxsin-hzwd

technrdqgics. Each foam column in this test also sueecsshdly withstood pressure difkrentiaLs

01-over X0 psi/f[ wilh no sign 01 l_t~m coiqwe.s%ion or .w_wlural tiilum.

The pores in a microdlular foam me comprised of [wo parts-pore voids and pure

throaE l%e pore void%are tie huhhlc-l-ke volumes ihat aceoun[ for most of he surface ama in

the foam. The poru throws am the small chiumels tlmt cumwct a given pom void m one or IIIOIU

of its neighboring voids In designing it foam, it is imponant that an wlequme number of pole

thrum iirc availdde to provide uni(onn Ilow disu-ibutiun [hrough the column. Ilis ensures

that the Cead volume (i.e., thepntion of the foam thm is inacccsihle to tluid) is minimiti.

and that rhe sulfiw ma available f[w conqdexation or icm exchange is used as fully M

possitile. A large number of pore throats is also apl m form a rm[w’ork ot pore voids that is

more int~.rc{mntikd. Such u nc[work is less sensitive [() IIICocctisionid chwurc ()[.J IWR thrlu[

(frum polymer swelling. column cumpmwiun. fouling. etc.] duc to the fact Lhwthe lluid can

cw%ilyIUUUICit.self via il dilliinmt tllri)al. In this ltSCildl. a cnmputcr sinlula[ion pxmlution

model was developed to charmeri= the flow distribution dmwgh a mimxxlluhr f~m and to

dekrminc the dcgrti! [0 which ftlilIll surlacc iWAl was made iuacccssihk dUe to rdndom film”

closure-s. ml~results slmwxi Ihal the high Ucgmwof pore size unifum]ity und high Icvel d’

intcrprm ccmncctivity (vcn lird hy scanning CICCUWIImicmscopy) allowed Ior highly unil”nm

flow to occur lhruugh (IICfoum duu would not Iw whwscly uflkcled by cwt”asionul pore

closures.
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Ptdyvinylpyridinc
Chahl

Figure 1. Reaction diugram illusuming d-wmtdccular s[rucum: of IItc ftuuns and how IIxy
wem fuucticmalimd.
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