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Till,', !,_1;'!:!,_(71',",;()V i()NIZIN(, R,_t`I)I,,XTI()N ()N RI,_il,I,I,_X TM IlPQ,
A NI.",I.'X' _I,,X(,R()i)()R()II,'; Iq)I.,YVINYI,I:'YRil)INI,_ RI,'.,,";IN,

ANl) ()N I'()IJR ('()NVENTI()NAI, I+'()I,YSTX'Ri,_NI,_ ANI()N EX('llAN(,E I,ti;L",;INS:.'

by

S. Fredri¢ Marsh

jt,B,",;T RA(' T

This stucly c()nll)ares the etTects o1' ionizing, radiation on Reillex TM HPQ, a recently
av;_ilahle macroporous copolymer ot' I-methyl-4-vinylpyridine/divinylhenzene, and on four
convention,'|l strong-base polystyrene anion exchange resins. The polystyrene resins
investigated included one _el type, l)owex TM Ix4, ',sd three macroporous resins: i)ow TM

M,';A-I, Anlbev'lite TM IRA-900, and i,ewatit TM MP-S00-FK. Each resin, in 7 M nitric acid,

was suhjected to seven ditTerent levels of 6°Co gamnna radiation rangin_ I'rom 100 lo 1000
megarads. Irradiated resins were measured t'or changes in ch'y weight, wet volume, chloride
and Pu(IV) exchange capacities, and thermal stahility, in separate experiments, each
resin was sub.jetted to approximately 340 inelaracls of in situ alpha particles fronl sorbed
plutoniuni. Resin :lamage t'ronl alpha particles was less than halt' that caused by ganllna
rays, which may he ii consequence ot' dift'erent production rates ot' racliolyiic nitrite ancl nitro
radicals iii the lwo systems. Reillex TM HPQ resin provided the greatest radiation stability,
whereas l_ewalit TM MP-SOI)-FK was the least siahle ot' the resins tested. Thermogravimetric
analyses ot' dry, nitrate.fornl resin revealed that dry Reillex TM HPQ resin ott'cred the I)esl
thermal stability tk_rabsorbed gamma closes lo 370 nlegaratls, but the worst thermal stability
at'lcr exposures o1' $5() inegarads or more.

1. INTR()I)U("I'I()N Most ccmventional slrcmg-base anion exchttnge
tcsins incorp<.+rute zt COl+('_lyrltcr of styrene and

A recent l.os Alut+rw_sir_vestiguti<.m of more th;.trl ._() divinylberl/.ene. Because such styrene polymers Cttlt

;triton excl.+art,,e+resins i established that high p,,+rosity reuct vi,,+lentlv, v,,,itllt.+itricacid under certain conditi,,,,ns,
. und small bead si/.e are the two ptc_perties that their safe use requires strict ;.tvt+idance <.)fcoru.liti,:.,,rls

rnost imf_rc,ve the s_.+rptiorl kinetics ;.tnd cufmcity for known to be lu._/.ardous. Pt+tetlti++tlsafety hazards
Pu(IV) l't(m'l r_itric acid. "l'l+at study concluded assuciate,I with using ion exchat_ge resins in nitric acid
th;.tt l.ew+.ttitTM MP-5()()-I:K, ;.t vnucruf_or¢ms, stnmg- have been addressed by ('alnlcm ;tnd (h_l¢l." A .',;el,,trate
base ;.+.ntit'_n_exch;.tn+ue resin marlulactured (but since review by Mile,,,;_ specilic,_tlly de;.tls with I+ailut'es within
di,'..;c(mtinued) hy [++tverAC_ in the Federal Republic of the nuclear industry. 'l'he nuclear industry ha.',,;given
(_;ermarLv, ¢_flexed the bust perlt_r[nu.rice for prucessing an un¢lerst;.trldably high priority to uvoiding comliticms
plutonit_rn, the.tr cemh;l result it.+exotllet't+nic re++tctions l+etween ion

t3ecausc f_luttmiurn recovery of_er;.tlions subject exchange resins and nitric acid.
;.tni(m exctmrlge resin t¢_ t.+itric _.tci,:.tand it',ritz.ing lt+ a<.tdilioi_ tr)being suSCel_tible lt) attack by ni-
r'adi+.tticml+¢>rextended periods, our next c:_hiective tri,: acid, c_rg+.tnicresins +.tee<.h.ttmtgedby high levels
I_ll_w,,.+ingthat sttt¢l\, \,.,'trxtc+ identify how thr' ;.tni+.>n of iunizing r;.t+,.li;.ttitm.M<.+r¢over,r;.tdiolytic degxm.ta-
exchange resin ,strtlctur¢ might he n_c)dilied lc) t:,rovide tion can ir_cte;.tsethe risk ,t_l';.triexothernlic veactior_ he-
increased safety ill this ag+uressivcex'+vir,,mmenl,v.,hile tv,,'eenresin antd nitric acid. An important ec+.)m:,rr_icis-
+,+;.tinlaining recently u.chieved f)erfc_rntance gains, sue, apart lmtr_ these essential safety consideratic'_r_s, is

:+:'lhcin;+|it)ritY t+l'the v,'t+rkdu+,,crihcdix;thi'.,tUl_¢_tt_,,;tsl'_crlorrn_ud_+ttll+ttw¢ll l+al+_+natt_r,,+.t!nilud Kit)_thm+_Att)Inic |+neruv
,,\ttthc+ril_,()>;l_>vd_l+irc()XI1 ()RA, I.ingl+md,dtntin# the yeur the +lutht+r_r_-|S_ttta,.'hedtc; the ('hcmistI:;,.'lOivisitm ;ts +tVisiiinl_
.huiet+ti+,t.



th;.ll expt>_,Llreto high ]evel_ of i<_tzi/i_l_ nu.liati_m v,c ctmtacted Reillv Indu_tri,..,_,lhc.. a i]lailtzf;.icturer t>t
c;.tzl n gnilicultly d¢creu,,,¢ lhc' usut'ul tilL' uf anl ion vinyll)yrMitlu l)olynrlui'+_. Wc c.'ncuuraged Re)fly tt+ du--
cxch;.tngc l¢_,Jnl l_y tle,+,g'rudiil_ii.'<pllyxicul l_rt'T>cx'ticxund vclt_p u flue,,', n'lacrol>c,rt+ux lt_rm tri l_t+lyvirtYll_Yridit+c
l',crlc+rx+tancu. Reliable t+per;,ttitm uf un ion uxcllunge resin thut wtmM telrut erlhunce<.l resistance lt+nitric acid
l_rocc,,<.',+for radi,,)rluclMc._ therelc'u'e t+cquiren thut the axic.lionizing radiutitm, without nacrilicin_ the recently
scluutc, d tesirl be rcasonuhly tt_letant towurd iorli/,ing uul-iicved higher c'apacitv and rupM sorptiorl kinetics for
racliutiOtl. Published cornpilatit'mls ,++' of the ulfccts PuCIV).
t+l it+ni/.ing radiutitm tm many differer_t ion excllurtgu Ne;.trly two vc+.tts t)f colluht_ratit)rl between I_,o_
ru.,,,irl,,.+facilitutc re._itl ctm+puri.',,Onl._uttd +,.+election, AlultlO._and Rcilly Inc.lu_trie+_,lhc., i'e+ulted in++.tmacro-

Altllc+uLult;.t polystyrerle/divinvll+crlzcrlc copt+lyn'ller port+u+',+,strtmg-bu+_c, utlitm excllunge resin coml)t+,,,+ed
provid¢,_ tllc ,'<ketctul strt.lCttll'e for lllO,"+t .,+ynthetic t)f l-metl-iyl-4-vinylpyrMirie cron._-linkec.l with divitlyl-
ic)tl excll;.mge re_iJml+,other polymer,,+ al.'.,+ohave l+een benzer_e, 'l'lle n'ntuttmlerJc structures c>fccmverlticmal

used, A particularly effective bl.lt <.liscorltiriued anJoli strtmg-base polystyrerie alid pr_Jyviulylr>yridirie etl)Ohi
excl-iurl,,e+..,resin was l>erXllUtitr_l SK, a _-+ metllyl-5+, exctlarlge resirls are sl-iowl_ iri l;ig, i, Tile new resin,
vit+_yltLvrMine/divirlylhen/.erie ct>polyrrler, Petmutit fM designated Reillex TM t-tI-+Q,not only t_rfers excellent
SK resin was rept_rted tt_ It_su only 7,,"4<Jof its ion- sorptiori kirletics for PuCIV) lrom riitric atM but also
excllange capacity after eXl)t)sure to 267 rnegara<+Is:+' withstands ht>iling, ct)ncentrated nitric atM for several
uf gamnla radiation, whereas t)owe.\ r_l Ix4 re,_itl lost hours without sigriiliCatlt +.htrriaget'j However, bec;.tu,',;e
S_.4_/(of its capacity after u.n Merltic;.tl exposi.H'e,PThe Rc'illexfM HPO te_ill has been available for only a rel-
al.ttht+r,.+_fone corrlpil;.ttion + ,_tate, '"l-Tle_e re,,.;iri,,,+witll at)rely short time, our inve,',;tigatiotl lJrewides the til'st
t_yridine excliarige groups are more xtable to ionizing compreherisive evaluatiori of its radiation ,,,;tability,
xa¢.liatitms than +.tt_other types of synthetic t)rganic Tile objective of thi,',+ study v,/a,_ to quantify
ion excllarlger_ that IlavC beeri exarrlirled for radiation- tile radiolytic ,_tability of Re)lie× 'i`P'lHPQ ;.rod tilt'Ce
iil<.lticcctchemical changes," nlaci'ol>t)rOl.lSt>t/lystyt'erle anion exchangers, t)reviously

Another atlvantago til villyl[)yridine t)olylller,_ i,_ used ici proce+_ l:_lutoilil.im, who,,+eracliolytic stabilities
tlleir re._i,_t:_nceto attack hy nilric acid, TI-ii,_diffe","rlce had received little or lie irlve,_ligation, [)owex Tm Ix4, a
in reactivity betweeri pol)'+tvrenu and riolyvinylpyri<tine gel-type l)oly._iyren+ i'e_in wlit)sc radiation ,_tahiliiy t-ia,_
i,_ uitrihl.itud io tile ++ti,_ceptihility of pclly<',tyreri+ been +xtun+ively studied, also wtls iricluded to l_mvide
it) ?lectrophilic ti;'oillatic xi.ih,'qiti.itit)n, vvl-ioiea,_ the a reference poirlt hy wliictl our liui_tii-i7,_could readily he
eleciroil delk.'ieilcy of the arcmlalic ,_]>miemrl'iake,_ compared lt)lho,'_e of oil-icr puhli,_hed ,_tudies, l)urirlg
I_oly\'inylp)'ridin+ Ilighl), te._i_tant it) ,_ucll ,,+uhstituiion. our invesiiTation we attenlpted it) treat till live resirl,_as
Iii fact, N/loii:i.,,tm and Br)yet_ _pucity li-)al t-icIla,_+iunl identically +l_po,_,_ibluto provide direclly COl-il[)arahlo,
Ii)irate lind xulfuric acid <ii .t(i()°(" tire required for ii-le relative tl;il+.l, "1"oaid other exl'>eril-i_ellter,_wilt) rntiy
nitraiioil of lLyridiile, \Vr)Ill to duplicate l>Orlicm_of ClUl+_li.icly, we al,_o tried

l;lectiu,_opolyvinylllyridii_e iesin._t)tl'eretl Iii+ poten- lo include im[)orlant experinlenlal ¢letail,_ii')at oiion are
iial ftlr hotll _upc'rior chemical anti radiation l'e,_i,_tancc', CIlllittetl,

"°C 2 ""- - .. ,.C 2

} CONVENTIONAL

PO LYSTY R E N E CIH2 Nm N EWRESIN | POLYVlNYLPYRIDINE

CH 3 - NI@-OH 3 OH 3 R E SIN
/

CHa

Fit&.!. C'oml_arativ¢lllon(lllleric, ._tructurc+__1l_ol)'_tyrcn¢and l_t_lyvinyll_yridincrc_in_.

*l._u'tllu._u_vh_prefer ,SIunit',. I Ilit+'<i.t_ii'_itl= ]()4 (;l'_i)'.



ii. REA(;ENTS ANl) API_'ARAT[JS d_,,nc, ill a <'_'('<,ivradiatic, n cell t_l+en;.ttcd by tilt Ac'tinidc

('humistry and Analysis (;t'oul_ <._1 the ('hclni_try

The s,,'stcrll used tu muasurr tl,e radiation .,;lability L)ivi.,;ion at l tarv,'eil lxtN_ratt_ry, l)idc_l, ()xlordshiru,

of the live resins itlcluded the following: England.

Nilric Acid: Reagent-gr'adu, ACS-specilicaliorl nitric Irradiation ('oniainer.s: Ali resitt-irrudialitU+l contain-

acid was used without additional purilication, urn were intentionally vented (as sl.trays itr I:ig. 2)

Waler: Water of at least 18 MQ-cm t'rorn an Elgaslat to proven! pressurizatium <.lt.irittg lhc irradiations and

LIHP system (Elga LId., High Wyconlbe, BuCks., were cl.lslonl-[;ibric;.tled ['1o111tl'LII1gp_ll'ulll Fused silica

Ertgland) was used to prepare ali acid dilt.ttiot.ts and (quartz), staFtdarcl-taper sockets arid boro:.;ilicatu glass

aqueous scdt+itic_ns used for analytical rneasurcnlertts, eor.ten.

Anion Exchange Resins: Gel-type Dow'ex .tP'+ Ix4 Dosimeters: Red 4034 Pc.+rspex dosirnetets designed

(50-100 mesh) attd rrmcroporous D(lw TM MSA-I to rneasure ().5 to 5 rnegarads were obtained from the
(20-40 rnesh) resins were obtairl(d frorn the Dow Actinide Chcrnistry ,;.tnd Analysis (;rc, t.lp at Harwell

Chemical Corrtpany, Midland, Michigarl. Macroporcms Laboratory. We used a Philtos model P[J 88()() L!V/VIS
Amberlite "fMIRA-O()() (20-40 rnesh) renin was obtained spectrol_hotometer to measure II-tc absorbance, ot" each

frets R.ohm & Haas, F't.tiladelplaia, Pennsylvarlia. Perspex dosimeter at 640 nanorneturs withi'n 2 hours oF

Macroporous Le,,vatit .fM MP-5()()-FK (40-70 mesh) exposure, after which the thickness of each do_;intetcr

resin, maitufacturcd by Bayer AG in the Federal was measured witll a metric micrometer.

Republic oF Germany, ,+;ts obtairted trorn Mobay Thermogravimetric Analysis: Ali measurements
Chemical Cotnpany, Pittsburgh, Petmsylvania. CI'he were clone on an STA-78() Series Therrnal Amtlyzur,

rnarmfacture of Lewatit TM MI-_-500-FK resin was manufactured by Stanton-l_edcrofl, l+ondcm.

discontinued in 1988.) Macroporous Reillex .rt'`l l-lP(,) Dynamic Mixing: Ali dyrmrnic contacts of l_lut<.mium-

(30-61/ mush) polvvirD, IIJyridine resin was obtained containirlg solutions and resins used a model 400-

from Reilly Industries, lhc., Indianapolis, Indiana. II() Labquake Tube Rotator, m;',nufactured by Lab

Irradiation Facility: Ali ganlnla irradiations were Industries and obtained t'rt>tll VV,,_< Scientilic.

:.:+'.._+.: -,... ..... . + +.. +. +,

• . .+ . +..+.,
_lll31_E+ptil__-,: +"+=- . - : :x

.....,..,,,+?'F.2', :" " '-,'/_:J. ,+,v;+:• , ..

+]'_' ,: .... " +, ; lr:,

P:

..

Fig, 2. Vented quartz container l'<_rganlxna irradialitm.'..;.
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I!!. I'_XIJER!!vlENTA, I, PARAMETI_RS in only ). Zllilltli_,.!_',, Me;lsurirl_ expt_surc' timt?s of

c,,tly a fc'w milluius dunnion, during which the drone

A. Resins nl, e un;ivoid_tbly ch_mgcs _ts tile _'ll('o s,,lut'ces arc

lowered into pt_silion ;lul__t;irt? tllell willldr;Lwn, itlvolves

Aplwoxirrl_tlel.v 2()()milliliters oF e;lcll wet resin url;lccept;thly hlrge urlccrt;liniies. 'Ik_ elirrlirittte lhc

inilii_!ly ,,,,';ts c'onverled l'rorll Ille ;is-received chloride uricerl;-fitllies involved iri _tccur_.ttelv iinlirig such short
f(>rril t,, ;l riitr;tlt? form h3' passing ter_ ht?el volunies ot4 exposures, we measured the ch)se r;ttes with red 4()34

M niiric ;tc,icl through tile resin. Residual nitric ;lcict w;is Perspex ,iosilnetcrs, whose hiuhcr dose t';lngc i_l ().5 to
it.'lll()\,t.,cl t_y wlishJng lhc' resin with ii silnil;-u vt)lunle <

$ inog;-ir;-icts ;-tllo\ved inuch ltlnger exposure peritlcls oft_l dt?illinerlllized water. 'l'he rt?sidl.iu'_ chloricle ct)nit?ni
._ Ii.)._ hotllS.

til' e;-tch rc'sin was cleternlined bb' Iherm;.ll iletitl't/n Perspex dosinlc'iers were developed hy tile [lniled
_ic'ii\';-liitm ;-iniilysis in ihu Los AI;tmos f)lllt?ga Wt?sl Kingdom Alomic [_._llt?rf_vAulhority irl lhc; Wall-
Rt?;-iClOl'. Rt?sich.i;-tl chloride t.'tlntenls (t?\pi't?sst?d ;l._ ;i <"

lage l,;-ll_oralOl'V nelir H;-irwt?ll it) StlppOrl invt?sli_a-
pt?rcenlilgt? til total excll;-illgO c.'ap;-icitv) Wel¢ ().75</<, " ' <
for i\mherlitt? TM IRA,_)(i(), (.).IS<,} for [)ow TM MSA-.I, lit)ns ctii't?clc:cl it)ward using <,ii(,(, l't)r industrial i'ii-

(),17';'; for .)owt?x TM lx4 ().13g For Rt?illex TM HI)Q, dialion tlrt)ct?ssing, ii The'st? radiation-st?nsilive poly-
' nletllylinethacrylait? tlosinlt?ters, ill lhc forth of optic;ally

tinct ().()(_t:,7for l..ewalit TM MP-$(I()-FK. Ir;-insrl;.irt?nl ,_- x 30- x 1I-n;illimeler pieces, art? sup-
plied in individLilll, hernlt?licall;, se;-IIt?cl, I;-llnir,,ale s;i-

!1, irl'iidialion,s chels. The radi;-iiion-induct?d dm'kening, which i_: pro-

Resins were galninLi-irrl.itl.i;-ilotl in one (_I" the eighl portional it) ',he absorbed (wltler-t?cluivalt?nl) dose, c;.!11
_'l_Co coils opcrlilcd b), ihc' Actinide (_"ht?n_isir)' arid fit? nlt?;-tsuied ;-iccl.iralt?ly by spectropholonlt?lry.

Analvsis (]roup til' lhc Cht?n_islr 7 Division ;-ii Harwell When u._ed as diructt?d wilh the at_prot)riato

[.ahorator),. Four indivictu;.ll _'ll('o sol.trees ih;.il tol;-iled clilibr;-iliOl_ lahle, i't?d Perspex 40.44 dosiinelt?i;s are

$(1()() curies provided a ¢on_l'lint?d dose laie lhlii r;-ingt.'tt slatetl Io bc ;.icc'urale Io ;_b7<)_.,11Perspex cl_lsimett?r
ti¢lill t -_ c;-llibralion< ;-irt? clirecily lr;ice;-ihlt? Io tJK N;-ilion;ll().., lo ().5._ int?g;.Ir;-ids per hOl.ll for tile individl.ial .'

iirlidiillitm positions used for lhis slticly. Physic;ii l..ahorlitory slailch.u'ds and also have been
Ali resins were iri'adi;tted iii 7 M ililric acid c';-ilihr;ilt?d using <l ct?rtilictl radi;-tlion source ai lht?

io simulate' the ;-ic'tual t)lutoniunl-prtlcessing inecliunl. LiS N;-iiion;il lnslilutc tit" ,ql;-indards and Toclil_olo_gy

(.]illllill;.l rays fr0nl t?xtt?lilaJ f>(l("(i Stll.lrccs were the (ft)llnt?l;ly kll()Wll its tile US N;ition;.il [_l.ll't?al.l of

ionizing rllcli;llion in intlsi of our expt?riint?nls. In _lliiltl;-ii'cls')i-'

;-i lt?w additiclnlll t?xperinlt?nts pluloniunl \.v;is sort)ed The ;-ihsorb;-lilCe _,; each iri_ldilltt?d Perspex dosin-ic-

on lilt? resin Io tlhlliin coinp;-ir;-lhle irr;.idialions with Icr vs :_ir was illUastlrcd al (14(J nalltlillt?lt?l'S. Each ab-

i#/ .sil, alph;t p;irticlt?s (set? /\lph;-t:Piu'iicle lrt';-tdiation._ SOl'b;-tn¢¢ reading lit'st wlis COliVei'led to oplical ctensity,
soc'tit.in). Ali l't?,sinsWt?l't?ira.nelsod in si_liic nitric acid basl2(l (li] :tll ;-ic'Ctllatt? illt?;-iStllt;;nlt?ill til' lhc tlosilnett?r

during illesC iriadi;-ilit>ns, wht?rt?;-is resin colunlllS ;.irt? thickness rising ii Metric nlicronlt?Ior, l:;in;.illy, each

ct>ntinulillv flushed I_y flowing nitric acid during actual ct>inptte, l optical tlt?nsily v;ilut? w;-is ctlnverted to lhc

prtlcessing tlt)t?r;-ttio.i_s. Ct)lrespc, nding total ;ibstwt)t?d ciose t.lsing the calil'Jr;ilioli

Although one nlight illluilivol 7 expt?ml riidiolytic tlthle provided h7 lilt? Actinidt? ('hcmislryand Analysis

species it) hlivt? lll()lU opporlunily it) rt?;.ict with resin (_irtltlp ;.il l Jal'W't?JJLaJ-_tii'atory.

in ;-i sl;-ltic systt?in, (llingwt?r ;-Illcl coworkelS slale, The dose ralt? tit' e;-tch oF the "_()irracli;-riion t)osilion;;

"l_rt>lonL.,ed exposure of itln t?xch;-li_ge r,.'sins ttl t;-ldi;tlion (t;is_.._) WaS Illt?;-iSLll'Utl I_el'oi't? and alIc'r tilt? st?rit?s of

in llowin 7 (dyilainic) systeins CLll.lSeS111()I"t?draslic iri'adiuiions. Tht? iillegi';-Iler<.l cltls¢ t(ir each position was

ch;-ingt?s in Ih¢ir phy,_ical and c'h0mimal propt?rli0,_ lhan coillpuicd ttlr evt?i"7 iri'ildililion peri_ld (inaximl.iill t)t'

itln cxmJlan<,e,,rc'sins irratli;ilt?d in si_ilic sv,w,torlls. '''i Tht?rt? 1()1 clavs), cising $.]7 yeai's its the hall-life of _'ll('t,

is ilt) c(lllSUllSl.lS o11 this, however, I)ocause 14yliil IIi
has i't?l)Orlcd ltllit tlm,ving systems greally dt?c'rt?;-isecl I). 'l"elnperlilure

tilt ;-tl.ltoc'atalylic d;.tm;.ige It_ Dowt:x TM Ix4 c,:tt.ised i-,y
rliditllytic nitrite. The r01alively low dose rates and til)Un design'

oF Iht? iilurninuin holder (Fig. 3) ti_od I(i posiii_n

(7, (ianlin_i l)o,sinlelry st)oc'ililcns duriilg g;.unin;.i iri'adialio_ls reSl.lllod in ilo
signilicanl incroase iit)ovo lhc ;.iinhienl Ic'lnperalurt_ til"

The' gainil-i;.i thlst? rliles t>t apprtlxin_;-li¢ly ().5 75 + 3"('. Noither did the /, ,_ilu ;.ill)h_l irradialions,

Int.'<,iirlicl,__pc'r li()Lir cise'el Irl iriiitti_iic,, i't?sins irl til.tr ;-llst_ pt?rll)rmt?d al iuribit.'nl lenlpurlilurc,, c'xhibil ;.iii7
sllittv wt_uh.t dc'plt?lc fc'rrtlti._ sullille (Fricke) thl._iln¢Ic'rs litllimt_,;.it_lc,lcmpc_r;ilurt? ii tctcase.



Fig.3. Alunlmumsupportusedto posilionquartzconlaincrxduringirradialion.

E. Resin.Drying Conditions Unirradialed control resins were sinlilarly immersed in
7 M nitric acid for lhree monlhs lo separately identify

Experin_entally measured resin properties are tile etTecls of prolollged acid conlitct ill tile absence of
generally reporled relalive to initial "dry" resin ,.veighls, radiation. Liquid levels of ali irradi;tled resins were
A wide variely of techniques to obl;tin dry resin periodically insl_ected lo determine whether signilic'anl
have been reported, Some itlvestigators air-dry liquid was being lost.
lhc resin, some dry it under vacuunl, some use The ;tctueottssolutions of tl_egamma-irr;tall;lied resin
elevltled lenlperitlures, st)me remove excess waler by experimenls showed an itlili;tl rapid decrease in nilric
centrifug;tlion, and some merely touch the wet resin to acid concenlralion, wllich lhereafter decreltscd slowly
dry liller pitper to ;.thsorhexcess liquid, and never dropped below 4.6 M, ;ts seen i1_llle second

Because the residual water conletll of lhc resin using columrl of 'I';tble 1. Nilric acid soluliotls in which
these clissimilar techniques ixhig ii), vltriable and can be' unirradialed resins Ilitd been slored its controls also
inlluerlced by local altitude ;tnd Ilunlidity, such drying showed a decrease in nitric acid concenlralion, In bolh

conditions are dilticult to reproduce, Resins designated cases, Ibis rapid initial decrease in acid concenlralion ix
its "dry" in this report (unless otherwise specitiecl) were ;tllribuled Io dilulion of file origin;ii 7 M acid by water
equilibrated 1o COilStitnlweighl in a sealed desiccalor, conlitined in "dry" resin,
over lt saturated solulion of magnesiun_ nitrate that Allhougll file levels of liquid ;thov¢ lhc ;mioll
111Lt.int;I,inecl itll ;llnl¢_sphereof 52¢_ relative Ilunlidily exchange,resins were inspecled periodically lhrought_tll
(52t_ RH). 13 tile gan'lnl&t irradiations, neither lhc volunles nor

concerllralions c_l'nilric acid dccreitsed enottgh I_ .justify

IV. RESUI.;;'S ANI) DISCI3SSI()N resloration to their initial values, even during tile
l()tlgesl irracliatioll period of 1()1 days, 'l'he gre;flesl

lM
A. (;aroma Irradiations decrease in acid concenlration (_ccurred wilh l_ewalil

resin, presunJal_ly because _I its nearly coral)lc'le

I. Nitric Acid (_(mcentralion, Initially, 5 gr;mis decOnll-_osiliontiering lhc higher exl_Ostlres,N<__111¢111131

o1 each dry (52(4 RH) resin was conll_inecl willl 25 was nlade t_ identify _r assign lhc specitic re_tctions
nlilliliters c_l7 M nilric acid I'_r ;til g;tnln_a irradialit_ns, tll;tlc_tt_sed'_cid ctel_lelion,

5



TAI;I,E !. (;AMMA.IRRAI)IATEI) RESIN V()II!ME,_ IN NITRI(' A(:ll)

Dose NjII'j{.' A{.'jd v(lltll11%' pcr Voll.llllk? p{21'

Resin {Mt'ad} (M} l'{mtirracl, (]ran+ l}rcirr,ad, Cit'anl

{ctrr:'Ig) {{..'n131g)

Dowu'x TM IX4 tlt',llea 0,35 N A 2.3CI
104 6.15 '} "} "_'_i_._(} ....

21}4 6,(15 2.33 2,27
3t'.,7 5,7(} 2.5o 2,4{}
548 5,6{1 2,64 2,18
723 5.25 2,56 2X}4
8{1(`} 5. I(1 2,4(,} 2,(1{)

1058 4,85 2,1{} 1,6()

I)oWTM MS/\- I Ilonea {<35 N A 2,78
1{18 0,25 ....,f}_""_ .'},60
It)t) 6.(}5 ...._ {1"_ ..._.78
374 5.7(1 . .4. 3.02
55 1 '5,b5 4.05 3,04
700 5, I{} . 4.,43 2,{.)9
83{.`} 5,2(I 4.58 2,04

1{}511 4,85 4.2.t 2,04

Arn berl iloTM ii{}nea 6,4(I N A 2, (`}()
IRA-9{}{} 1()4 6.15 "_ _..6_ 2,6{}

"}" 2.71 _,6___{} 6.05 "}
367 5.8{} 3.(}() 2.8{}
549 5,50 3.37 2.8{}
727 5,20 4.04 3,{}4
835 5,15 3,'.}{.} 2.80

11)64 4.8() 4. I(} _ _., +{}

Lcwatit TM ru}nca 6.45 N A "{,.)8
MP-5{I(I-FK 1(}3 6.14 2.84 2.35

I08 6,{}5 2,9{.} ...63
374 5,,8{} 4,89 3,47
543 5,:{; 7,84 2.75
722 4 05 b h........

834 5, 15 I", b
1(14(1 4.6{1 b I",

Rcillcx TM HI}C) n{}rwa 6.35 NA 2,94
1(}6 6.18 3.()(} 23)9
2{}2 6.15 3.3 I 3.28
37(} .......{" 3.51 3.5(}
55{.,} 5.75 3.9{} 3.5{}
702 5.4(} 4.32 3.64
8__ 5,45 4,46 3,72
9_)2 4,85 5.47 3,74

a'l'hcsc ullirrmtiated rc+.,in,,.`were st{wed in 7 M Jlilnc acid Ibr lllree numllm
It) isolate the el'feels {,f I'U't)l()ngcdacid Ct)llt;.tcl.

b'lhu uxtensi\,c racii()lvtic ,.h.,c't)rnl}()silit)n()f l.cwalil TM MP--5{)()-I:K at these {..,xposure
levels h.'l't inslllli{.:ielil surviving n.!_in I{}r mc;,t_urclncllts,

C'l'his vtdumc was Jnattlvcrlclltlv n{_t rncanurc{I.



2. Resin Volume in Nitric Acid. The settled Wils unexp_.,cted I",ecaeiseno studies t_l' its radiati_.)n
volume til" each nitn.tte-lonl_ rc,'-:inwas measured in iv stability had previously been puhlislled.
graduated cylinder, lit'sl lIl lhc nitric acid irr;lcliatit_n In aclditioll, I)t)rtit_nso1"ali utnirnldi;ated and g;.tmrna-
mediunl, LInd ;.Igaill ill w_lter after the resin had been imtdiatod resills, ;Ifter ecluilil_r;.ttion;.tr .%2%l_,t--i,were
washed li"ce oi" nitric ii;ld. 'Fable ! sll_._,,vsthese resirL lle_fled overs!!IU ;tr 1()5"C t_.ldrive ol'l'physic;.llly st_rhed
volumes in nitric acid l'cw both pre- and postirr_ldi;.tted wilier, then cooled in ;i desiccator, und reweighed.
dry (S2% RI-I) resin weights. Althougll m;tt_y resins Shown in lhc third column t._l"lhhle 111,these moisture
incre_tse iii vt!lurne during irradi_flion, lt sirntllt;ineous we!gilt los_es are presented ;.ts ;I I._ercent;igc til' tile
radiolvtic weight loss, discussed later, offsets a port!tin preheated weights.
tri" the volLlnle increase lhal would other,,vi.'.,e occur.

These exl_erirnem;_lly delermined waiues For resir_ 5. Irradiated Re,,,':n Appearance. Ali resins
volume vs exposure might he used to predict resin became darker ;ts ;t consecluence of increltsed !anl;ml
volumes ;tl'ter specitied g;.tn_nl;l exposures, aFI !;pot',anl radial!on, ;.tlthough the degree tri" color change varied
corlsideration for resin enclosed in productit_n columns, . considerably among tile resins studied, l:iec;luse these
whether tile colurnns ;;re tri' glass or stainless steel, color CII;tri!cS ;ni'!ht serve to indicate tile itpproxitn_lte

g;muna dose _.lbsorbed hy ;I particuh.tr resin, ;t color
3. Resin Volume in Water. T;.fl)le I1 shows the photograph of 37 resin porlions, represent!l!! lhc S

nettled volunle of each nitrate-t'orrn renin in wuter, ;li'lcr resin types exposed to dilTerent gamma doses, has ;,ecn
being wilstlecl lree of rlitric ilcid. As in _I_lble I, resin included as Fig. 4. Note thai three sp;ices remain
volumes _._represented rehLtive tO holh pre- and post- cmply in the Lewatit TM MI:'-S0(bFK resin row of Fig. 4
irradiated .':;2%RH resin weights. Because many resins because tills resin was ;iiinest co_pletely dect_rnposed
increase in volume ;_stile medium is cluuiged from ;acid by the higher g;imvna doses.
to water, the inr'ornl;tr!on in Table 11might be used to

est!ro;;tc volume incre;lses thai could he expected rrom 6. Chloride Exclmnge Capacity. A weighed
various resin/exposure conlhir_;ttior_s. Unexpected resin Clt.i;.lrllityof each dry, nitr;tle-lorn, resir_ w;is transferred
swelling in ;t pre,duct!on ccflunln could, of course, have to ;t sm;til column and w;tshed with 10() milliliters

very serious conseClUences, of l M tlydrt)chloric acid per gr;lm of dry resin to
The two previous tables reveal that Lewa_it TM MP- completely converl the resiF_ to the chloride l'orm.

5()()-F;'K resin, ;iilcr irradiation to high giimm;.i close.,, Excess Iiydrochloric ;reid wils displ_tced from tile
t_ccupies larger volumes, especi;llly in water, lrn_,.li;tted converted resin with ethanol (rather than w;tter, which

Lewatit TM resin appe;tred to coils!s| oi" [Wt) fractions: could hydrolyze tile salt l'c_rmsoi" we;lk bases) until tile
one fraction n'l;iined tile initiui head-like appearar_ce, eftluenl was neutral, as conlirrned I_y methyl orange
whereas tile other Fraction (lhLll contributed 111osll() tile indicatt)r.
,,',,el volume) w;ls gelatinous, t_xcept for the absence Chloride was renloved Irt)m the we;.tk-base ex-

_at discrete particles, the al_pear;mce and swelling ch;tnge sites iii'Sl by elution with 2()()milliliters ot().15
characteristic,',; t_t this gel;tlinous t'r;.tclit_r_were si;ii;tr M ;tmvnoniurn hydroxide per gr;un of dry resin, al'lcr
to low-cross-linked, ,,el-type resin which chloride w;_s recovered from the stron_,-base ex-

change silos b_,,elution with 200 milliliters oI" ().2S M
4. R,'tdiolytic Weight l,oss. Ali ganwntl-irr;idiclted sodium sulfate solution per _r;im tri" dry resin. I_ Each

resir_s v,,ere dried, eCluilihr;tted in ;.in atmospllere of portion of eluate w;ts separ;'tely acidilied and tilrated
S,/¢ RH, ;rod weighed. These weights were compared with ().1 N silver nitrate solution to tile dis;.tppearance
to preirrltdiation dry weights lt+ gu_tntily the extent tri tile lfink color til the Ferric tllil+cyan;.tte indicator,
t+I r;tdiolytic resin dect+rnl_osition. Ali resins sl_ov,:ed usir_g the Volhard method ;ts rnoclilied by Swift, el al. I:s
signitic;ufl weight losses ;.iiicr higher exposures. An Table IV presents the ;ir_ion exch;ulgc capacities
shown in lhc sec_.uld colurni_ of Tifffie 111, Reillex TM til" gallln_a-irradialed resins ;ts millieguivalents til'
t-lP(,) resin Io,,q the le;.Isl weighl during ;.iii exposures chloride per gram til' dry ($2</_, RH), poslirr;ldialed,
below 1()()()meg;u'tlds, where:.ts Lewatit TM MP-S()()- r_itrate-t'otrn resin. 'l'he d;ita in this till+le reveal

FV,. c()nsisterltly lost lhc most wuiglll: Ius:; than thai stroilg-hase an!oil exch;illge sites ct)nsistently are
I()¢_ til' tile initial v,,c'igl_t oF Lewatil resin survived cor_verted tt_ we;ik-basc sites I_y ganllnii sld!lit!on,
exposures grealer lhar_ 6(1() rne_itracls. "l'his ur_usui_l ,,vhicla in in ;igr;era;ni wilh the lir_dir_gs of n_;.tny otl_er
susceptil_ili!_.' oI Lewalil TM resin to ntdi;_;,_n darn!l!; inveslig;_tions.



TABI.E !1. (;AMMA-IRRAI)IATEI) RESIN V()IA'MES IN WATER

I)osc Volume per Mflume per
Rt.'sm (Mradl Pc_stirrad. Gram l'rcimtd. Gram

c rn3/t_) (c-ill3@I

l)m_cx TM I X4 none a NA 2.44
!(_4 2.38 2.37
2()4 2.4b 2.39
367 3.(17 2.88
54X 4.25 3.93
723 4.02 3.2(+
8on 3.22 2.62

1(158 2.36 1.8()

Do'+'+IMMSA- I none ;t NA 2.811
1(18 2.711 2.68
lqU 2.811 2.67
374 3.b2 3.2(_
551 5.01 3.7b
700 ¢,+bl 4.(ff
X3'4 (_._3 4.25

1()511 7.46 3.b(I

Anlberlile IM ntmc,t N.-\ 2.611

IR,%-t)(ltl 11_4 2.58 2.5f_
221) 2.bl) 2.52
367 3.()¢_ 2.85
549 3.X7 3.21
727 .1.81 3.b2
835 5.84 4.111

1(164 12311 (:.39

l.e_ ai iiTM none a NA 3.112
MP-5(_I-FK I(L_ 23t11 2.84

lt)8 3.11) 2.73
37.1 5.113 3.57
543 24.811 8.711

722 b b
,";34 b h
I1141) b II

RcilIcx TM I IPQ none a NA "_ '...,"+4
I()6 23)(I 2.8 t)
2(_2 3.13 3.1(1

37(_ 3.35 3.34
55q 3.68 3.3(I
702 4.(!8 3.44
X22 4.53 3.78
t_'._2 5.85 3.73

irl+hose unirradi,ttcd re',im, v.ere stored in 7 NI nitric acid lor three munth,,
to i,,tflale the effects t_l pn_longed acid Ctllllitt+l.

b'Fhe exte,six e r,ldiol'_ tit' detoulpl_silii'ul of [+c\_.dliITM MP-5I_(I-i=K at lilt?so
cxpo',urc lex el,, left in,,ullici¢lll surxiving resin for mcastlrcmcnt,,.



TAB I+E Iil. RESIN _,YEI(;HT I,()SS AFTER (_AMMA IRR,_I)IATI()N ANl) ttEATIN(,

R,..'sin Dc,se l:'c_stirrad. Wt./ \Veight Lc,ss
(Mrad+ F'r¢irrad. Wt. C/+z'+ I()5+C

(++)

l)m_ c\ iM IX4 nonea NA I().4
1()4 (I.¢_t)b I()._)
2( )4 (}._)73 I().()
367 (1.t)37 I().S
548 0.82,4 I 1.1
723 ().79(_ I(),5
8()<_ (1.814 10.7

1()5_ ().762 1(),3

[)t}\_,.lM MS,'\- I none a NA 1().7
108 (I.994 ] I .2
19t) ().952 1().4
374 ().884 11.8
551 ().75() 12,(_
7()() ().b74 I2. I
83L._ (),b41 I 1.5

I()5(l (),483 ] I .fi

,,\mberlite+lM iiO11¢a NA I I. I
IR,'\-_I()() 1()4 ().t_92 12.2

_..() ().968 1().8
367 (1.q33 ! 2.3
54_) ().831) 12.8
727 /),753 13.2
835 (1.7()2 1().3

I (_.J, (L53b 13.()

[.ev, alil .IM IIt}11¢ ;! NA I 1. t
M !)-5()()4"K 1()3 ().t178 12.2

198 (),88] 11.2
374 ().71(1 12.5
543 (),35 1 I 1.8
722 ().115_) ___b
83 4 b b

1()4() b I_

Rcillcx lM Ht'(.) tnuw a NA 11.2
1()6 (),tJt)7 ]2.5
2(12 (Lt)t)() ]().(+
3/() (),t,_g7 12, 1
559 (),St/S 12.4
7(12 (1,842 12.3
,8_.... (I.834 11 S
t)t)__ (),fi83 ] _,(_ )

a'[']lC',C tltlitr;ldlatcd rc',,lllS ',',ere ',,t,ucd ill 7 M nilrh+ acid Iof l]ircc 111(+11111',,, l(_ is(,latlL.'

the ellect,, t+l lmfltmgt.,d acld Ct_llt;tct.

bTll,,+"e\len,,ve l;+tdit+,lxlicductmlpt+siti_Ul t_l l_e,aalit lM MI:'-5(It)-FK al lhu,..o
cxpt+p.,tiroIc',cl., h.,ft ii+stJ1liciclll 'qlrvi\'ill_ Feb,ill ft)r lllea,.,tllClliCllll,,.
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TABI,E IV. WI':AK-BASE ANl) STR()N(;-tlASE I_XCHAN(;I': ('AllACITIES
()1" (;AMMA-IRRAI)IATEI) RESINS

Do.so Weak-ba,_e Strong-base '|'<_lal
Resin (Mn,d) Capacity Capacity ('apac ity

('lneq CI/7) (nlcq CG/B) (inoq CII7)

Dowex TM l X4 llOllO ().43 2.('Itj 3. I2
nOllCa (),(3() 2,4tj 3 ,()t)
104 ().bl3 2,()tj 2._)2
204 ,12 1.65 2.77
367 .48 (),85 2,33
548 ,88 (),31 2, 19
723 .97 (1.02 1.99
806 .86 ().()() 1,86

I()5bl ,77 ().()() 1.77

DowTM MStk-I IIDII¢ 0.29 3.116 3.35
nonea (I.48 "_ '_.,bl_ 3,3()
I()bl 0,69 2,47 3.16
199 1.(12 1.97 2.99
374 1.47 1.31 2.78
551 1,89 11.57 2.46
7()() 2.(19 (1.24 2,33
839 2,15 (),()2 2,17

1050 l.C_1 ().()() 1,9I

Amb¢,rlile TM none (),19 2.98 ;I, 17
IRA-9()() IIOI1¢ a 0.55 2,79 3,34

!()4 0.82 2,36 3.29
22() I. 14 1.89 3.(13
367 1.6(I 1,15 2,75
549 1.9,4 ().61 2,55

_,. ().... _727 "_"_1 _ -,4.
bl35 2.28 (),()2 2.30

_,1)_ 1).11() 2:021()64 "_ "_

l.ewalit TM ilOi1¢ (I,37 3,39 3,76
M P-5(i()-FK no11¢ a ().45 3.32 3.77

1()3 ().8(i 2,71% 3.5.t
19bl I.(l_J 2, I bl 3,27
374 1.51 1.41 2,02
543 1.83 0,63 2,46

•':, b b b7__

bl34 h b b
I(i4(I b h h

Rcillex TM I-IPQ iv,lil¢ 1,49 2.29 3,78
heine ii 1,91 1,85 ;t,76
1(16 .,_I__ 1,6() 3,72
2(i2 2,56 I. 16 3,72
37(1 2,67 (),bl9 .t,56
559 2.99 ().44 3.4.t
702 3.(i8 ().23 3.32
822 3, Ibl (I. Ibl 3.3(_
992 3,21 (i.(l(i 3,21

a'l'hes¢ unirradialcd resins were sll_red iii 7 M nilric acid For Ihr¢c lll_)illlls
io isolal¢ Ilic cflecis cii prolonged acid COlllacl,

t_'l'he¢xlcnsivc rildiolylic d¢colnposili_m _ll' l.cwalil TM MI' 5()(I-I:K al lllcsc ¢xix_ni,rc
levels loll insuflicicn_ sur\'i\'in}.! ICSili fol illc.a.Stll'ClllClllS,
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A!I capacities pre.,;ented in Table IV are relative weight can he misluading. Irradiated resin exchange

(o postirradiatcd resin weight. Because a signilicant capm.'ilies relative Io their preirrm.liated resin weigtus,

portion of every rosin was destroyed by I'lighor doses prcsenlc'd in Tabh.' V, arc more relcvanl because lhesc
of gamma radiation, however, presentation of lhc values represc,nl the portions of lhc initial exchange

exchange capacilios rolalive Io poslirradiation rosin c'apaciiy lhal rcn lain al'Icr spccilied gainina cxpostires.

TAB!.E IiI. 'I'()TAI, EXCIIAN(IE (_AIIACrI'II,:S ()F (;AMMA-IRRAI)IATEI)
RESINS RFLATIVI': T() I'I;,EIRRAI)IATI':I) WFI(_IITS

Dose Poslirrad, WI,/ Tohll ('apacily
Re,_hl (Mrad) PrehTad, WI, (nlcq CI/g)

l)owe x TM i X4 IlOllg a I ,()()0 3.()tj

104 (),996 2.tj I
2(14 0,973 2,70
367 (),937 2. I
548 (},824 1,8()
723 (),7t)6 I,Sbl

9116 (),81,1 1.5I
I(i58 ()762 1.35

Dov,"I 'M M S A- l llOllea I,()()() 3,3(I

I(I8 (),cJt.14 .,, ld
lt)tj ().952 2.85
374 0,884 2,46
551 0,75(I 1,85
7()(i 1i.674 1.57
830 ().641 1.39

105(I (I.483 (),tj2

kmbcrl lieTM nonea I .()(1() 3.34
IRA-9()() 104 (),t)t)2 3,26

...() (I,968 _..

367 ().933 2,57
549 ().83(1 2.12
727 (L753 1.83

835 (i.7()2 1.61
I (1(_4 ().536 I.()8

l.ewarii TM mmca I .()()(I 3.77
M P-5()()-FK 1()3 (),978 3,45

198 (I._SI 2.88

374 ,7 I(i 2,1)7
543 (),351 ().Sf_
722 ().()59 h
834 h I_

i()4() .........h b

Rcillcx TM I lP(.) IlOnc a I ,(l()() 3.76
I(}(_ ().997 3,7 I
2(12 (1.99() 3.68
37(I 0.997 3.55
550 0.898 3.()8
702 (I.842 2,t)8
822 0.834 2,8()
993 '- (1.fi83 "_,19

...............................................................

a'l"licsc unirradialcd i'usins were stylicd iii 7 M nitric acid for litrce nioilth,s
I_ i:_olalc IIW offeels (ii' prllhmgcd acid t;lllllac'l,

bThc cxicnsivc iadiolylic dc,cCmllmsiti_m of l_cwalii TM MP-5()(I-I:K i.il thc,w
c'xpl_surc levels Icll instlflicicnl surviving resin Ibr nlcasurcmt, nls,
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TABI,E VI. sllMMARY I_l," T()TAI, EX(_IIAN(_E (,APA('ITII.N ()1" (;AMMA-IltRAI)IATI';I)
RESINS llEI,ATIVI_] T() PRI_;[RRAi)IATI']D WEI(_li'i'S

Nominal Dn_vcxlM l)i_w"lM AnlberlJlcTM l.cwalJlTM RcillcxTM

[Lxposurc IX4 MsA-I IRA-U()(} MI'-5fl(_-I:K III"()

(Mrad) (mcq ('l/g) (incq CI/g/ (mcq ('l/g) (mcq ('l/g) (incq ('l/le)

llt)l It.' 3.(It) 3.3() 3,3"1 3,77 3.7(_
I(l() 2.91 3.i4 3,> 3.,15 3.7I
2l)(I 2.7(I 2.85 2.93 2,88 3.68
3n() 2.18 2.4(_ 2,57 2,()7 3,55
55(} 1.8(l I.bl5 2. I 2 (I,8(_ 3.(),R
7()() I.'_8.... 1.57 1.83 tl -'_,US
,._) a "_.8(1X_( 1,5 ] 1.3l) I ('_1

I()()(I 1.35 (I.92 I,()8 ' _......a 2.19

aThc c'xicnsivc radiolyiic declmlpl_siiion of LcwalJl lxl MI>-.5(I(I-I::K ;.ii ilicxc c'.Xl'J(IS;tllt."levels lell
jlv_ul'ljcJunl surviving icxJn IO Illeasure lhc' exch;.lllgu capac'ily.

Of greatcsl inieresl in the thlla ._unlltlarJ/.ed iii An aliquoi o1' s()luti(m was wilhdrawil alicr e_tch

'l]lblc V! is lhc t.'lmlpari._)n belween LewatJl rM MP- COlllLit.'l period for ii.',;.w4iyby g;.illllll;.i spcclronlelry

5()();FR and Reilh.'x rxl ttPO because lhese iwo resJlls ;.is previously de.wribcd. <>The quanlily of pluloniunl

have been sho\vn I{) offer reasonably comparable sorbed (111lhc i'csJil was c.'oillptllcd fronl lhc dJfferericc

pcrf_rnlance f()rprocexsing plulolliui11. 'j Lewalil TM MP- bclwecn ihe nlcasure(l piulonjuln in soluli(m belkwe

5()(i-FK previously was selected as the iesJn lllai {.qfei'cd and after each contacl period. Appropriate corrections

the best pcrlllrnlaricc for processing pluttmJuin; i sitlcc lor the changing liquid-to-resin ratio and the decreased

lhc cited .sludv, however, Reillex rk4 HPQ b¢canlc quanlity _ll pluloniunl in the x,.]slcnl were applied atlcr

available. The enhanced slabilily til' Reillcx .fM t lPQ each aliquol was removed.

to radiali(+il, when c()nlpared to l.,ewatit fM MP-5()()-F:K A .Ct)lllparist)n (if Pu(lV) sorption (iii lhc live

and ali other rc.sin.s, is, readily al)Parcnl, unirradJaled resin.s, Fig. 5, dcnlonSll'alcs lhal l+ev'alit .lM

Mi>-5()(I-FK resin (ilo Ioilger iiiantlt'aclured)has ihe

7, PuIlV} i']xehallge (Tapaciiy, Although anitn+ highe.st sorplion capacily thrt)t:gh(iul lhc dynamic

cxc'hallge rc.sill capacities ;.irt' Iypically based till Ct)lllLlc'l railgc (>t 15 illilltilcs I() (1hours, l_,cJlll_'x.rM ]IPQ

chloride capacity ,_;c2<_lrelllenls, chl{wiclu capacities has the ncxl highe.,+t capacity For Pu(IV) during the 15-

may nol accuralely represent exchange capacilics lt)r minute conlacl period, which simulates the residence

the much larger anionic nitrato complex of Pu(IV). time cii feed solutJ(m as ii passes through a plul(mJunl

We lhcreforc measured the Pu(IV) salurali{m i¢c()VCly prtlc'css. The cxccllcnl sorplion kinetics

capacitic.s froill 7 M nitric acid of each unirradiaicd and o1 these two resins is the reason thai their I-h(iur

galnnla-jrradJaicd i¢._Jn. The lalio o1 liquitl voluille lo capaCilic.s are nearly equal Iii ltlCir f+-ll(lur c'apacilJe;;.

resin weight was i11ainlaincd ill 5() during ()iii c(lntacls The tnuch po(irer stwpiiim kinetics t_l AinbcrlJle l_l

tri+lhc cii) rc.sillS with Pu(IV) in 7 M nitric acid s()luliOl+. IRA-9()() and l)tlw IM MSA-I resii+s rt.,..sull._ in 15-

The quanlJty of pltiloniuin in solution was ab{lut twice ininuic capacili¢.s til only al'l_ltll half lhilsc (ii the tw{i

lhc nlaxilllUill Ihal c(mld he loaded (74()il_illigrains highesl resins; h()wever, their fl-h(iur capacilies exceed

plut(iniuln per gralll dry rc.sin) til t211S,tlru the s;,itur;.ltitlll thai (li Rcillex .rv IlI'Q and inJghl, aiIcr l()ilgc'r c(lillacl

(ii' each ptwlitln (ii resin, l)ynaillic nlixing peiio_ls periods, even exceed lh,'.il (ii l,ewalJl lM MP-5()()-I'K

_lf 15 rninulcs, 1 htlur, and 6 h_lurs were achieved resin, l)mvex r'_l Ix4, the _mly gel-lypc rcsin sludicd,

(irl _l l..,abquakc Tube R_ltai_lr lhal invcricd each resin- offers by .far the lowcsi capamiiy alld slowcsl s_wpiilm

s(i/uli(>n mixlure 16 lilnus pcr lllinulc, kinutics.
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o.. 100 - / RESINS
•

/0 ....... Dowex TM 1 x4
r-
'_ ..... Amberlite TM IRA-900

rr DOW TM MSA-1

ReillexTM HPQ

LewatitTM MP-500-FK

I 1 z I I I

2 4 6

DynamicBatchContactTime(hours)
F'i_. 5. Sort_tion of Pu(IV)onto Iivc unirn..li_lted anion exchange z'csin_from 7 M nitric acid.

The sorl)tioil of Pu(IV) on these live rcsil-is attor resin bead sizes (provided ill the earlier Reagents and
_tlllllll_.l irradiation, during ;.td.yriamic batch C()lli;.ic'l linle Apl)l.lri.llu._ secti li).

o[15 miriute,,,;, i.w,pre,_enicd in Table VII. Noto thai ihc,.sc (__'{Inltiarin[z the Pu(IV) capacities oI po.siirradial0d

cat)ac'itics are per gr[Jill of l)O.xtirradiated dry resin. The dry rc.';iil w'ci#ht,s, _l_ iii 'Fable VII, igiloi'o._ lhc'

l._-rrlinule c;.ip;.ic'il), o1"Reillex TM tiP(,.) re_il-I i,s virti.ially sl.ib._tanlial radiol',/iic' wei#hl Io.s_e_ experienced by

l_iricharl[zod ;,iilcr .55() rlie#;.irad,_, wl-iert_;.l._;.iii equivalenl ,some l'e._iillS. Tidfie VIII, however, illcorl)orale.,,; the

close has e.s_crllially de_lloyed the Lewalit TM MP-$(I()- ro._in wcighl lo.ss Iaciol'_ lron; Table 111Io I-_rovide lhc
t:;'K re.xiri arid Ila._ dra.xtic'all), dt_'crea._ed lhc c;.il)acil ), of Pu(IV) c.';.il);.icitie._of t)roirradi;.ilcd resiris. The.so dala

lhc olhu, r liiice ro._iri._, l_teaclei's ;.irt rcmirlded lliai ;.iny t-)crnlil 1.1.,,;I(i e.slinlale IIle Callacily of _i givc.m qu[ullily
_.illcmpl l(i directly COllll_[irc S()l-l)lioll killctics tlillOlll2 (ii tiniilll c'.xc'han#c' I'CSJll;.iiicr ii has tit)Xol't_lc!d;i specific<
vaiiou,, rosins i;lLisl ;.ils(_ C()liSi_,lci" lhc dillerc, liCt.,s in #amiil;.i cl()sc.
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'I'AI]I,I< Vii, S()RP'I'I()N ()!" Pu(IV) ()N (;AMMA-IRRAI)IATEI) RENINS FR()M 7 M NITRi(' A('ll)
I)LtRIN(; 15-_IINL!'I'E I)YNAMi(' IL%'I'('H (_()N'I'A(!'|'_ REI,A'I'IVE T()
I'()STIRRAI)IATEi) RESIN WF, I(;HTS

Nominal I)owcx TM l)ow TM Anlbcrlilc TM l.cwa[jl TM I_,¢illcxTM

tLxposurc Ix4 MSA.-I . IRA-9()() MP-5(I()-I"K HI'Q
(Mi'ilt]) (illl-' Pu/g ) (ing Pui_) (ing Pti/g) (in7 I-)tl/_) (111_ I)U/_2)

II(ilK' bi5 I 5() 143 273 237
_,flI (i() bi() 147 143 24() _

__() 23()2()() 77 I 5() I3(i "_'_
k(_() 73 123 I(i(i 19.4 223
55() .-15 77 9() ..... ;i 227
7()() 57 7() 97 __a 15()
bi2() 47 43 77 ........;i 147

I()(l() 5() 37 23 a 127

a'l'hc extensive rtttli,)lylic doc.on+position tri' l+cwatil .IM MP-5()()-i'K til these CXlltintil'c levels left instlt'lJc'icnl
surviving i'¢sil I,; rilt_,<'surelhc' u'xt.'hanT¢t:almcJty.

"i'Alii]" VIIi. S()RP'I'I()N (iF l'u(IVt (iN (;AMMA-IRRAI)IA'I'I']I) RE,I';IN_ FR()M 7 M NITRI(' A('.ll)
I)[_RIN(; 15-MINUTE I)YNAMIC IINI'CH (_()NI'ACTS REI,ATIVE T()
PREIRRAI)IATEI) RESIN WF,I(IH'I'S

Nunlinal [)(_wcxTM l)o\v TM Anlhcrlilc TM l.cwalJl TM RcJllcx TM

|{Xp_ )Sti rr.' IX4 1%4SA- I IR A-9()() I%/I1<5(i()-.I"K tt I'Q
/ Mrmlt ling thi/7) (lil7 Pu/7) (ing Pu/g) lh7 Pu/7) (iii 7 Pu/7i

lllllit'. _5 I 5(l 143 272t 237
I()() bi() 146 1.42 234 21t)
2()() 75 143 12() 1()4 ")_ '

(_() flbi I (Jt) 93 137 222
55() 37 58 75 . . ii 2()4
7()(J 45 47 73 ........a 12_
bi2() 3bi 2bi 5.-1 _ 123

I()()() 38 I bi 12 a bi7

aThc exlc'iihjv¢ raditil>lJc dccoinposili_m ()1 l.cwalil TM MI'-S(i(i-I:K iii these CXl)OSUlClevels
Icll Jimutlicicnl survivJn 7 rc'<_JnIci lllClihtllt., lhc cxt.'hlilltJt.' catmcily.

The capacities oi' lhc live I'eSills l()r Pu(IV) alIcr an Alihc)tigh lhc tillJ()llJC' ilJil'alo cciniplux o1 Pu(IV)

Jnit:!llicdial¢ tlyl)_ill)ic balch Cl)l/Im:l lJlnl_' of ] hiitir i.ii'c i.s noh)i'jclusly slow Lt) cquJlJhraic _11 allion exchall7C.'

l-)rc'scriled in Tahlc IX. Again racljcllylic dccolnl)O.<_ilioil ro.siFl,i lile long¢._l clynanlJl_' balch c_)i_llac'l liinos cii' 6

lh lakt.'ll illlc_ ac:CoLini, and lhc capacilius arc [)rcseilled Iloui._, shiiwn in Table X, provide our be._l e._lJiTitilc

l_c.'r _Niill t)roJrimlialed cii), rt.'sin. Nc)I¢ Ihal lhr (li' llle Pu(IV) ¢quilibriuni saluialioll capacJlJcs l'or

lhis conlacl pcri_ld lhc capm:ily cii Reillex TM I IPQ lhc'so resins. Allhou<.g.,h lhc abs(iltilc valtloS dill'er, lhc

lesJl_ i._ vJrltlally i.inchailgi_d cvt_ul al'It'F 55()n-lcTai'ads, _cnclal [mlle.'ill lhr Pu(IV) cal_ilc.'ilios, a_ain i)re.SclllCd

wl-lerc;a._;lhc CalmC:iiics cii ihu, olher totir other rt.'._Jllsare per giaill cii' dry In'eirrmlialed resin, is qtiile similar Ici

clccrc',lsod Icl less tiron hall, thai cH'lscrvccl ai'icr lhc l-l-iour dyntlnlJc batch t.'(illltic'ls.
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TAIiI.E IX. S()RP'I'I()N ()F" l)u(IV) ()N (;AMMA-IRRAI)IATEI) RESINS FR()M 7 M
NITRI(_ A(!!i) IiURINI; I-I-i()[IR I)YNAMI(? BAT(;H ('()NTA{'TS
RF,I,ATIVF; T() liRF;IRRAI)I/VrF;I)RF, SIN WF',I(Ill'rS

Nomilull l)(]\vexTM l)mvTM AmberliteTM l.¢walJlTM ReillcxTM

Exposure IX4 MSA-I II,lA:C;()() MP-5(ifi-FK I I1'(.)
(M',ld) (ing Pu/g (ing I)u/gl (ing Pu/g) (ing l)u/g) (nlg Ptl/g)

Iltllll2 12() 243 23tl 371i 287
I()() 1()3 23_; 215 326 282
2(1() I(i4 >" ' 282.._S 2(13 284
36() 94 15fl 1,49 2()1 286
551) 55 I()f) I14 a 272
7,'Jtl 511 83 1113 ............a 233
82() ,46 64 72 ............a 189 .

I ()(l() .t6 _'_I 20 a 137

...........................................................................................

a'l'hc extensive radiolvlic decomposition of Lewatil TM MP-5(i()-I:K iii these cxposul'¢
levels left insuflicicilt surviving resin Io int.,asur¢the c.xchallgc capacity.

'I'AIIIA'_ X. S()RI)Tlf)N ()F Pu(IV) ()N (;AMMA-IRRAI)IATEI) RESINS FR()M 7 M
NITRI(': ACID I)IIRIN(; 6-H(II.IR I)YNAMIC BATCH C()NTA(YI',";
RF, I,ATIVE T() PREIRRAI)iATED REb;IN WEi(;HTS

Nonlinal [)(_wexTM I)ow TM Anlberlile TM l.ewalil TM Reillex TM

[:]Xr)osul.C 1x4 MSA- 1 IRA-9()() M P-5(I(i-i"K 14PO

(Mrad) (lllg Pu/g) (nlg Ptl/g) (lllg l)u/g) (111gPLt/g) (lllg Pu/g)

IiOllt.' 174 36(i 337 387 297
I()() 149 345 321) 352 292
2(l(I 15(_ 33(i 3(ICI 3(i8 297
36() 134 248 2.15 218 299
5511 91 175 185 ........;i 285
7()() 66 14(l 151 . a 251t
82(i 65 III 114 .........a 248

I ()()() 48 3,4 31 ........;t 196

a'l'he cxlensi\'e radiolylJc dcc()nlposilJ(,n (li' I.ewaiJl TM MP-S{)()-I K 1.11these exposure levels
lefl JilsuflJcicnl surviving i'¢siil io nlt.'iisurc' lhc cxchallgC capacily,

Finally, changes in lhc ineasurcd Pu(IV) capacity do Table VI. From these data, presented in Table Xi, we.

not necessarily parallel the changes ili total measured can see ihal the lelaiive capacities of the resins increase

chloride capacity, nor sh()uld they. Therefore, the slightly with absorbed galllnla dose aild then decrease,

i11e;.l.v,l.ired6-h()ur satulalion capacities presellled in with the excepii()n of the Reillex TM HPO capacities,

Tahl,' X wc, re recolrlt)uted iri tel'illS of Pu(lV) capacity which gerierally iricrease througl-loul tilt' e.nlire ral,ge.
per total chloride capacity values obtained fronl
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'I"ABI_E XI. CAI'A(;ITIF, S ()F(;,%MMA-IRRAi)iATi';I) RESINS F()R Pu(IV} FR()M 7 _ NITRI(' A('ll)
I)IIRIN(; 6-H(iIfR I)YNAMI(', IIA'I'('ti C()NTACTS RI+',i,ATIVF, TIl T(ITAI,
('HI,I)Rll)E CAI+A(:ITIF, N

Nonlinal I){_wexTM I)owT M Alnbc'rlitc TM l,cwalit TM 14cillcxTM

I::,xposuli¢ ' Ix4 MSA-I IRA-_4()() MP-5()()-FK I IPQ

(]lttl/_il._l(_l) (II1_,_ i PU/lUCq('1) (ing Pu/inoq CI) (Ill R lhl/lU¢q CI) (ing Ihl/lllt.'q CIi (nlg I'u/lnrq CI)

IIOIIC 5(_1 I() tj 1(11 1(i3 79
I()() 51 I I() 98 I(i2 7t)
2()() 58 I I(_ 1()2 107 81
3(}() (_I I{)I t)5 I{)5 84

550 51 _)5 87 .........a 93
7()() 42. 89 83 .......,L 85
820 43 8(1 71 ......a 89

ICi(i() 3(_ 37 29 ...........a 89

aTh¢ exlensiv¢ radiolvlic dccolnposilioll o1' l.ewalil TM MP-5()tI-FK ai Ihesc eXllOsure l¢£,els I¢1'1illsLil'licicnl
SUlViving l'eSill I_l nlcastlr¢ Ihe cxch:lllgc' capacily,

8, Thernlal Stability, Thermog,'avimelric analy- during normal el)orations, Any large-scale operation

sis (TGA) was tised It) iI.ieaSUl'e the li.ici'ileal stability ilmi allows niil'aie-t'c)rnl rosins lc) be dried alid healed

of each ul]ii'radialod and mosl gainma-irradialcd resins, represei.ils a llagranl safely violalion lhal deserves lhO

Durirlg these analyses ali resins wore dry and iii the lep ranking assigiled Io ii by Miles,
nilrale form, the saluplo ¢l.ianiber was ._parged by 1,8 Nolo Ihal lhe TGA weight losses of irradialed rosiris

lilers c_l' inoisl air per hour, and lhc lenlpcralure was do not and CalmOl rettecl lhc signilicanl radiolytic

ii_¢rc,li_.od ti'orn 25 lo 5()()<'C iii a Linil'orll.i role of I()<'C weight losses experienced by Many resins during lhc

per iuiili.ile. Approxinlalely 20 nlilligranls of each resin irradialiOllS, Thorn.icigravimclric analyses, o1' i.iocessily,
was Ilt.,alcd ii] ils cii.irn0dificd poslirr_idialed lorln, ralhor were performed oll lhc irradialcd resin pOl'lions thai

lhan being ground into powder as is of'ion done belbre survived lho specitiod ganlnla doses,
TGA, The decision io iu.ialyzo intact i¢sin beads may Ncai'ly ali rc>;illS analyzed exhibited ii gradual

have caused excessive il.ilerrliil bead t)resstlri/.aliOll lhal, weight loss until aboul 18()°( ', The ericloll.ierluic

al limes, resuiled ii] lhc ejeciicm o[ resin beads fron.i lhc I'ea¢lion cii" DTA lrace,s conlirnled lhal illis weight

sarnple crucible duriEig analysis, lntact beads, I1c)wever, decrease retlocted only ii loss of walor, "l'hese weight
wore iillenlionally analyzed Io realislically silnuhlle lhc losses were slighlly more Ihan 1()% and agree well wilh

behavior o1 cii), renin thai irghl become heated dtiring iile weighl lc)sl during overnight drying (ii' the same

solid waslc disposal Opel'allens, resins at 1()5'>C, as preseilled previously iii 'lhble 111,

Although dtirinlt these T(IA ii.ioaSUl'eillelllS small t:;igure 6 shows lhc thermal decoiuposilioi.i l)roliles

qi.ianlilies (li' dry, I.iilra{e-l'orl.i] resiils were healed I(i (li" ali iivo uilirradialed resiils, Reillcx TM I tl)Q resil.i

tcnlperalures ;.is high as 5()()°C, large ClUanlilies ot' resin loses appr_)xiMa.loly 25% oi ils weight below 25()"C
should ncvt.'r he drie.d and heated, In his review but thercal'lor lc)sos less w¢ighl thali Lilly of lhc other

_1" icru exchange sysleiu ;.IccictolllS, Miles _ lislod as Iotlr resins. Bclwoell /7()() ;.iilcl 5()()°C, Lewalil TM

his tirst Flrecal.llion the need to avoid drying sizeable MP-50()-FK arid Amberli eTM IRA-9()() resins undergo

quantities of nilrale-form re,sin, Miles staled, "l-;l'Olll signiticanlly gl'Oaler docoinposilion Ihan the oil.icr lhree

lhc evidence available, the drying oI" ion exchange reSillS,

resiils illl.iSl bc vie'wed as pl)leillially very dallgerous l_i'esenled iii Figs 7 through t) are ihe lherl].ial

and unpredictable ......[111operalh)l.i Ici he avoided wilhout doconlposition proliles o1 ali tive resins gaMllla-

pricir experimenlal work lo CllSUl'C reliability o1" lhe irradialed Io 2()(), 37() aild 55()ii]egarlltls, rospeclively.

resulls expecled." 111 Fig. 7, tile l)allei'l] is sin]iiar to lhal o1" lhc
Therefore, 'I'GA data should he viewed as ii tlnirradialed rt'sillS, o.xcopi that ;.ii telllporalures above

diagno._iic l(_(>l lhal may coillribuie i(_ a belier 4()() C the decompl_silion o[ Dow TM MSA-I resin is

t.indcrsil.llidii_g t>l radialion (tainage iuechanisius iii](I gi'ealer and l]ml o[ l._lewaiil TM MP-5()()-FK resin is lc;ss:,

effects, iloi as a prediction _t" how resiil will behave
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Fil4.7. "l'hermal decomlX_,,,iliunprolilcs of live aniun cxL'hangc Fig. 9. Thermal decomposition pmlilcs of four aniun exchange
resins allcr an absorhcd gamma dose o1'200 megarads, resins after an ahsorhcd gamma dose _1'550 megarads.

Thermal decomposition proliles aflcr exposures ot' afler tin exposure of 550 ineg;.u'ads was rapid and

370 mcgI.ir,:.lds, t,:,howll ill Fig. g, are sirnihu" to Fig. 7 large, sitlltlltaneous DTA traces showed only srnall
for three resins; however, now Dow TM MSA-I and exotherrnic reactitms, as ii'the weight loss resulted frorn

Amberlite TM IRA-9()0 resins lose nearly ali of their beads being ejected, tallmr than being decomposed

weight bch)w 3()()"C, rather than near 45(Y'C as they within the sample crucible. (:)ur suspicion was

did afler the lower exposure of 2()() megarads, supported, after lhc healing cycle was completed, by

After an absorbed gamma dose of 550 megarads the observation of inlacl renin beads outside lhc sample

(Fig, 9), Dowex TM Ix4, l.,ewatit TM MP-5()O-FK, and crucible. Nevertheless, the cited thermal instability

Amberlile TM IRA-9()O resins behave much as shown in was judged sufficient lo warrallt review. Because this

Fig, g. However, now Reillex TM IIPQ resin loses most behavior is known to occur after nn absorbed dose

(_1'its weight jusl below 2()()"(', higher than 370 megarads, but less than 550, we can

Although the weight Ic)ss of R.eillex TM l lPQ resin NILIIL'.only IImt the threshoM for such lhernml inslabilily

i_ alcove 37()megarads,

IS



B. Alpha-Particle Irradiations
t_

V- __[ I. Background. Ganuna rays fl'_,nl external _'°Co

._12- sources provided the ionizing radiation for ali

_11 resirl/irradititiol'i-level eXlleriinenls thus far descrihed,
wher¢;.is resins tlscd duriilg actual pltitt)lliurn processilIg
operations are irradialed by itr sittf alph-'.iparticles,

C_ 6- _ _ The extensive conlpilaiion by Pillay 5 lists 288
sttldics whereil'i arii_.)nexcharige resi'ns wore irr;.idialedby.li variety of external sources ii'it.ii included g;.llllll'i;.t

_, 4 - rays, x-rays, accelerated electrons, or sperit reaclor fuel.
L / lt is/lolab/e th;.ii ilol one tit' these 288 sttidies, ht)wever,P

, I I I . I I I I eniployed in situ alpha particles.Ttie preference of investigators for g;.lllllll;.i irradi-
>- 100:700 300 400 500 600 700 800 900 1000 aliens is quite understandable because the absence of

Absorbed Gamma Dose, (Mrad) residual radioactivity in resi,_s greatly facilitates subse.-

Fig. 10. Correspondence between absorbed gamma dose and quent n'icasurelneni of resin properties, Nevertheless,
years of nornm{ openllions ai TA-55, ally aSStllllptioil thal resin damage caused by external

gan'inla irradiation realistici.llly silnulates lhl.ii of ill situ
As shown iii Fig, 10, all absorbed dose of 37() bon'ib;.u'dmenl by alpha particles is unwarranted in lhc

megarads correspcmds tc) about 5 years of l'iOrlllal absence o1' experimental conlirllltition.

plutonium-p:'ocessing operations ;.ii lhc Los Alamos Kazarijiari and, Hol'rell I¢' compared the el'l'ects of
Plutonium Facility (FA-55), which would indicate that ganln'ia rays and alpha particles on calioll exchange
the threshold for the observed thermal instability of resin and concJuded th;.ll ion exchange sites were
Reillex TM HPQ resin could occur only after 5 years similarly affected by both, but that alpha pariicles did
of routine operation ai TA-55, (The Los Alamos greater damage to the polymer matrix,
Plutoniuln Facility, which operates a single shift live Pai'anloilova and coworkers 17 evaluated the effect
days per week and stores ion exchange colurnns in of alpha bt:)nlbardnlent tit' sorbed pltlloniunl on AV-
1 M nitric acid between shifts, should nel be used 23M anioll exchange resin, a copcflynler of 2-1nethyl-
to estimate resin lifetilne elsewhere,) Because resin 5-vinylpyridine cross-linked with 7_)_ tr/vinylbenzene,

damage from alpha particles is lower by ;.iileast a faclor Allhough AV-23M resin differs fl'onl Reillex TM I-/PQ in
of two (see the following Alpha-Particle Irradiations the positions of both tile methyl and vinyl groups on the
section), however, the threshold for the oiled ihcrnml pyridine ring and also in lhc cross-linking compound,
instability of Reillex TM I4PQ resin actually corresponds the lJndings wilh AV-23M resin are nevertheless ot"
to more than ten years of nornlal operations in the Los intere+;t. For example, AV-23M resin was reported to
Alamos Pluloniurn Facility, retail1 917_. of its initial capacity al'icr 257 n!egarads

The combination of two factors_the improbahility of alpha radiation (lhc highest exposure of tile cited
til" resin becoming dried and heated during production sludy), whereas Reillex TM HPQ relained 94r/_, of ils
operations and the required induction period of grealer initial capacity afler 370 nlegarads of gall'inla radial[Oll,
than 1() ye<',u'sat Los Alamos .....virtually eliininates ally Althtlugh Paramonova and coworkers did not report
possibility lhat thernlal instability could (tCctlr in [I resin weight loss, they calculaled thai 342 n'iegar;.lds ()t"
production erivirolmlen!. Nevertheless, we reconmlend alpha irradiation (virtually idenlical Io ()til" alpha dose)
thai Reillex TM HP() resin be replaced after not more caused a decrease in resin cross-linking fl'(ml 7.()cb, to
than 5 years of service, or 7()() megarads til' alpha- 3,3%, If our alpha-irl,ldiated resins had experienced
particle irradiation, or 400 rnegarads of absorbed a comparable decrease in cross-linking, the wet resin
gamma dose. voluines shoulcl have increased signilicantly, stm'iclhing

We also feel thai the praclice of disposing of ntlt shown by ()til" data in Tahle XII. Regardless cii'
spent, nitrale-forrn, organic resins ;.is solid radioaclivo the cited superlicial sin'iil;lrily in ,thedecreased capi.icily
waste should be disconlinued, Instead, appropriate safe values, major differences in lhc slrucltiros of AV-23M

procedures should be developed to dissolve or deslroy resin and Reille× TM HPQ resin invalidale any direcl
sucl'l resin before its disposal I(7)minimize the possibility conltJarison,
of radiolylic gas production during storage,

ICl



The only direct comparison of the effucts oF gamma hfcur which a measured excess oF 7 M nitric acid was

and alpha radiation on anion resin iii nitdc acid addud to prevunt the resin from drying during iiiu 5-
is lhc.li of Ahrens, Is who conIrnu'ed his owrl ;ilpha- week lrradiatiolI period.
h't'adi;.itiotl restilts with earlier 7amnlu-hTadiatiorl d;.lll.i

of a differerit invesligalc_r. 3. Results. When lhe resins had ahsorbud ii loltll
Ahruns fourid that ihu loss ot" the strorig-t:ltisu dosu of 34()meg;.trttds t'ronl thesu i#tsitu alpha-pnrliclu

cnpacity of Dowex TM IX4 resirl, whicll had been irr;.idialiorls, lhc volumes of llIe plutoriium-loaded
suh.iectud it) ;.iii absorbed dose of 100 II-iegartids fronl resins were iileasured ill lheir nilric acid il'radialion
_llpha particles, was only 36% of the loss reporled at'lcr media. (Nolo lhal Ihese conditions differed from those
_lcoinp,'u'able ganllll;.i exposuru. Likewise, ihu loss of of the 7amina-irradialed resins, which were free of
tolal capacity for alptla-irradiated i'esin was only 46% sorbed metal ioris dtiring irradialion arid ;.iii subseqtieill
of lhal reporled for a COlllpar;lhle ganlina close, illeasuremenls.) Sorbed pltiloniuill lhell was ultilc_dwilh

A,sstlillhlg ;.til uqual dislribulit)ll of 23"4Ptilhroughout dilute niil'im acid, uach resin was washed thoroughly
lhc resin beads, Ahrens corrlpuled lhal the beads would wilh waler, and the resin volumes were measured

absorb 144%of the total alpha energy. After ticcoullling ill water. Finally, lile eluled, waler-wa['hed resins
for the 65'/< w)lume increase of cii'), resin in bl M nitric weru air-dried iii thu glove box, with the ot!jective
tlcid, Ahrens recalculaled the alpha energy absorbed by
lhc resin oi] a bulk voltlnlu basis These calculali0ns of coiltirltlhlg the aii'-dryhlg until lhu i'esills reached
i'esullecl in slrorig-base and iolal excllarlge capacily corislanl weighl.
losses lh;.ll were only 5bi% and 76<_,, ruspeclively, of Afler fell weeks of air-drying, the alpha-irradiated
thuir gamma-irradialed counterparts. Thus, ,::yen al'ier resins had not yet reached consltlnl weight, although
applying volunle-correciion factors, Ahrens's capacily lhey were losing weight al till hlcreasingly slower rc.Ilo,

: losses for Dowex TM ix4 rosin l'rom alpha irr;,'diations Unt'orlunately, the weighings had lo be discontinued
remain muctl lower than lhose frorn eqlliV;tlei,l gtilllnla at'ler ten weeks. However, of 7ruater inlporiarice

i irradiations, lhan absolule dry-weight wilues is lhc untisuatly long
The only comparison of alpha- arid ganllila- lime required for ltle alpha-irradiated rusilis Io dry.

: irradialh)rl experiillerits done by a single investig;itor By contrast, unirradialed and gamma-irradialed resili,<',
was reported iii ;l dissertation by Ahmed. i<j Although easily ailairled collsianl weighl within orlu week.
Ahmed studied sulfatu-forrri resin, rather tllari nitrate- Although weighl losses l'roln alpha-parlicle irra-
fern1 resin, he found the capHcity lOSS Catlsed by gHllllnH dialions s',llOWll in the second columll of Tt,ble Xll

radiation tc) be betweerl 2 and 2.5 times greater than thai are .<;lnall, thu largest weight loss is uxhibiled by
caused by a comparable exposure lt) alpha particles. Lew;itit TM MP-500-FK resin, ;is was true for g;.lrnrna

2. l_]xperimental Details. Iii our linlited alplitl- irradiations. Also similar it) ganlnla-irractiation results,
irradiation investigation, eacl-i of the five resins was Reillex TM HPQ resin showed the snlallesl weight loss
irradiated with alpha particles lc+ approxirnately 340 (ii actually showed a significant weight gain). The
111egar;ldS.A loading of 2()nIilligralllS of pltllonitlnl observed wuigl]t gain of Ruillcx TM HPQ rusin nlay
(bl,(i% 2314Ptl) per dry glanl of resin was sulectud t0 havu rusulted l"rolll scission of divinylhunzene, the
produce a close ratu of apprcsximately 400 kilorads per cross-linking moleculu, which would ;lllow the resin
hour lhal closely malched lhc Hverage dose-rale of our l,o expand and eqtiilibraie til a higher waler coniurit.
galllllla irrad;ations. Ali alpha-irradialed rusins excepl I)owux TM Ix4

_. Dos¢-ralus anct total absorbed doses for i## x/Iu occupied voltillles iii nilric acid arid waler lhal were
alpha-p_u'licle irradiations from sorbed plutonium wure virtually unchanged t'ronl lhose of the unirradialed
based on accurately 111eastired plutoniunl concunlrtition rusirls, ;is presenled iii Tables I and II. This lack of iosin
and isotopic distribution. Values used for lhe total swelling provides ailoiher indicalion ihal the alpha-, _ 11u ") "_i)r-,

energy per disinlegralion (Q wllues) ot - _Pu, -- t-'u, induced resin damage was mininlal_<|(I ) 2,11 ),." ICl," Iu, anct '42pu wure 567.57, 1.921'41'I,7.0824,
Tl-le procedure used uarlier to dutermine lhc ex-

3.412, and (). 1159 milliwalls per l;ranl, respectively. 2° change capacilies of ganlnla-ii'radialed resins enlployud
At'ttr the absence of signitictu',l alllotllllS ()f Pu(VI) elhariol, ;.1ttarnmablu organic solveill, 1(5ruinove resid-

was spuctrt_pholonletrically verilied, lhu api)ropriale
,, quanliiy ()I" plLltonium was added as a 7 M nilric acid ual hydrochloric acid from li'le anion exchange resin

solulion io each batch of resiri, and the resin/solulion colulniis, l towcver, becaLiSOthe low ttash poiFii of
slurries were tlloroLighly shaken I(}achieve unifornl dis- elhanol precltidcs ils LiSeill a glove box, elhylene glycol
tribution t)t" plutonium. Thu plulorlium-loaded resins was substiluted ;ts a corrlpletely miscible organic that
were lhun Iransforred 1(5individual, small iori-exctlailgu offured ai1 accel)tably high flash point. Ali resiil ca-
colunlns. Ainuricium was eluled from each column pacities prusenled iii Table XIII were dulerlllined using

with 3 inillililers (.+1'7M nitric acid per granl of resin this nlodilicatit)n.
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'I'AIlI,I_ Xll. RESIN WEI(;HT I,()SS ANl) V()I,UME ()F
AIAIHA-IRRAi)IATEI) RESINS IN NITRIC ACID
ANl) WATER

' Dose l_ostirrad, wt,/ Volunw in Volume in
Resin (Mrad) Preirrad. wt. Nitric Acid Water

(cm:_/g) (cm3/g)

Dowex TM IX4 339 1,0035 1.90 2.20

Dow TM MSA-1 338 0,9893 2,72 2,72

Anlberlil¢ TM 33t4 0,9947 2.70 2,64
IRA-9()()

Lewatit TM 340 0.9727 2.90 3,()()

MP-500-FK

Reillex TM 339 I ,()449 2.90 2,146

H PQ

TABLE Xlll. WEAK-BASE ANl) STR()N(;.BASE EXCHANGE CAPA('ITIES
OF ALPliA-IRRADIATEI) RESINS RELATIVE T()
PREIRRAI)IATEI) RESIN WEI(;HI'S

Dose Weak-base Strong-base Total
Resin (Mrad) Capacity Capacity Capacity

(meg Cl/g) meq CI/g) (meq (.'l/gl

Dowex TM IX4 339 1.20 1,73 2.93

Dow TM MSA- 1 338 0,97 2.18 3.15

Amberl lte TM 338 I. 16 2.09 3.25
IRA-900

Lewatit TM 340 0,86 2,60 3,46
MF'-5()0-FK

Reillex TM 339 2.12 1,51 3.63
HPQ

Note tllat ali live resiris lost suhstarllially less of exposure to accelerated electrorls, whereas the sarne

the initial capacities than did their ganu-lia-irradiated resin irradiated iri 7 M nitric acid lost 36% of its

counterparts; A calibration line was prepared by irlitial weight. Moreover, Kiseleva reported the loss of

tittirig the rrieasured strong-base capacities from our exchange capacity to be more than four times greater

garnma irradiations vs absorbed dose to a least-squares for resin irradiated iri nitric acid than for a simihu"

line. Based on this linear relatioriship, the rrleasured irradiatiorl iii water. Nitric acid therefore plays a rnajor

strorig-base capacities of the alpha-irradiated resins role iii the daillage mechanism of VP-IAP resirl alld

were comparable to those of garruna-irradialed resins may llave a similar role with other resins.

that llad received two- to ttlreefold lower absorbed Furtllermore, Kiseleva's reported value of58% loss

doses. Tllese differences agree well with the findings of ii-le iriitial exciiarige capacity after 1120 megarads of
of Ahrens Ix and Ahn-iecl. I'; absorbed dose iri rlitric acid compares reasonably well

Several investigators ]{_,1<21'22 have proposed that with otlr measured value of 42% capacity loss after a

most of the radiatiorl damage to resin is caused by 992-rriegarad ganirria irradiation of Reillex TM HPQ, a

secondary reactions that inw)lve nitrile or its reactive rehited but slightly differerit virlylpyridirle polynz'er.

precursors. That explariation is supported by Kiseleva If nitrite is the major cause o1' resin darrlage, we

et al., 23 who studied VP-1AP aniorl exchange resin, must accotlnl for nel only the quarliiiy of irradiated

a 2-rrlethyl-5'vinylpyridirie/divinyiberizene copolyrrler resin but also for the quantity of irradiated nitric

(similar to Permutit TM SK resin). VP-IAP resin irradi- acid. Thereiri lies a signilicarlt differerlce betweerl our

tiled in water lost no weighl during all 112()-rriegarad ganlnla- and alpha-irradiation expcrirnents.
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Both our galnlna- and alpha-irradialion ctmtainer_, ,,,,ere within lq for l)mv TM MSA-I, 14q high for

included a measured excess oi nitric a_.id abm'c the ..\nit, critic TM IRA-O()(). 5()q high lor Dowex TM Ix4,
resin bed. ;is .shmvn in Fig. 11, to ensure that the and 32'i l(,)\_,r l`()]"l.ewalillM N1P-5(I()-FK and Reillex ['1

re.sin would I101 becolne dry durillg the irradialiOliS, ttPQ.

During lhc galnnla irradiations, lhc resin and ali acid Allhough the a\'erag¢ for lilt3 live correcled values

pre.senl _ere expo.sed tri lhc lle;.irl\ unilorin ga111iI14 ltlrluiltm.slv provide.s good agl'eelnenl belween lilt.'

dose. Durillg hz silH alpha irr;idialioil.s, howe\er, the alpha- and gaillilla-irradi;.lliOll d;.il;.i, lhc large individual

ver_ ,tlorl T_.ill_e t)l alpt_.a particles in .sohilitm Ihniled differences indicalc thai olher signilicanl l'aclor.s nl;,ly

lhc ilradialion /one It) le.ss Ihan 0.04 inilliineleis l`rolli al.so exisl. There ire, ihese Iilniled dala l'rolll ;I single

the .sOlbed plutonium, which _vouht include onl\ the alpha-irradiation experinlent for erich lype til" l'e.sin i.ll'e
re.sin and inllnediaiel\ adjacent 4till. The much ,smaller being augnlenled will/ addilitmal higher-expt)sure, in

volunle oi nitric acid irradialed b\ it# s/lt# plultllliunl ._iltf alpha irradiation.s al Lo.s Alamo.s. Until tile ie.sults
.should have d0mreased lhc prt)duclion t)l radiol\'lic of Ihat sludv are available, a factor of lwo .should

nilrile and ii.,, reactive precur.sor,,, be al)plied it) lhc gamlna-irradialion dala lt) eslinlale

A.s.surllirl 7 thai ;iii of the interstitial nilric acid bul ltle alpha-irradialitm do.se thai would be required lt)

llOlle til tile acid above the re.sin bed was ii"adialed produce .similar re.sill danlage. Thu.s, the years t)l'

during lhc alpha ilradialions, _se coinpuled lhc lelalive norMal operatitms al TA-55 vs absorbed g;.inlnla do.so
volunle.s of nilric acid irradiated iii these two .s\.,;lelllS .shown iii Fig. I() should be doubled it) esliinale

It) esiiniale the ielalive niirile produclitm. When ll'_ese equivalent alpha-induced re.sin danlage l`ronl .sorbed
colnl,uied ratios were applied a.s correction faclors plutoniunl.
Io lhc gaillnla-irr_idialit_n re.stills, lhc correcled \.a]ues



V. I!SEF'I_I, FI!TI',RE EXI_ERIMENTS 2. Rcillcx TM ItI:'Q t'claillcd miu+c t_l' il_ iriiti_.,I cxchiulp¢

c;tPacily .altor ganltna Cxl_o_l.it'cs (iri 7 M nitric acid) oI
We arc subjcclin+.'.,._selected atlitm cxt-'llml,,c..,rcsiFIs tri I()() It) 1()()() iilCgiiiitds IImn atly oI lilt-' Four pc_lyslyrerl¢

Ili_ller al',sotbed doses of i, sir, illphl.t Imiticlus lroFli iirliori cxt-'llarlge reshis sludiccl.
si)rbed piulorlittill iii l+un Alamos Io getIeral¢ ',tctdilioiliil

). AlI live ittlioFI exc:llitnge tesirls t-'xllCrietlc¢d i.t

OXl_¢rinlenlal data For alpha-irlduc¢d resitl daiililg¢, ctm\'ersiOtl oF slroilg-b;.tse ext-'li;ui_c sites hi \vc;ik-b:.tse

TIle reh.ttivc qu;.trflity i)f irradiated rlitiit-' acid may cxcllimg¢ sites duritlg ganlrna irradiaii<ms i_ 7 M liiti'ic
sigilificanllv COiltribulu Icl resiti damage bct-'ausc iii acid.
set-'cmdlu\' reactiotis. This l_ossibilit\' could be testc<.t bv

gauunit-irrildiatirlg it series til i'esirls at difleririg ilitric 4. Reillex TM I IPQ resin tllal had hee,I gamma-
acid/resirh iatios, irradiated to cxpc, sures ;is Ili_.h its 370 nlegaratls

Iii separate cxpcriiucilts, ;t nonsurbcd ;lll_lla CillillCl. cxllibitcd the I',est tll¢i'inal stability of lhc live resins,
_'._1 tto,,vcver, Rcillcx TM t tl:_Q renin subicctcd lt) 55()such as Am, could be cmpll)yed lo unilorrrll\' , .

distribute the source of alpha particles Ihroughlmt tile illegaiad,_ or illore displas, ed tile l+oorest Illcrmal

nitric acid soluliou. The resulliilg i¢sin clarnagc could stability, abiuptly Iosillg weight iii approxirnat¢ly

be coinparcd lt) thai fl'Olll sorbcd pluitmiuul It)pi'ovid¢ 185"(". Aliilouuh lhc safe level of 37(i illegal'ads

a conli)iirisoll o1 dir¢ci \'s s¢coiltial'y radiolyiic cfl'ccls, corrcsl_onds li) Illtll't_' than it?ii yt.'al'S iii" iii XI'III alpha

.,\ddilional OXlteriln¢nts inight ¢laril'\' lhc ollcci exposure dUl'illg ilOl'lll;ll Ol_¢i'alilms ;li l+os AlalllOs, \ro
cii" allothcr signilicani dJff0rcnc¢ in our galllnla-ray r¢¢oinlll¢lld ihai this icsJtl bc replac¢d al It;isr cveiv

alld alpha-particle JrradialJons; alliOll 0xchailu¢e, lt:sins liv¢ .VOal_.
irradiated bv g;.llllill;.l l;IVS \VClC Ir¢¢ of nlcliil ion.s, Th¢llllOgl'ti\'illlt.'lliC> allalysls• which Jtlvolv¢s heal- "

\vhei'¢as all_h;.t-irladiat¢d resins W¢le loaded with ICI illg dry• nilralc-forill i¢._iil it) Icillp¢ialui'es as high ;is
ulilliglaillsol'pluioniuill porglalll rcsill. Sllrb¢cl i:c(lll) $(i(l<'C, iii no way l¢SClllblcs proc¢ss oporalillg coin-

or Cu(li). '_-4and Ci'(lll)iii" [t()_(il) -_sha\;¢ b¢¢n shown dilions: n¢vcrlh¢l¢.<;s• we i'¢coilllnend thai absorbed

rf<l cx¢rl ii protcciivt-' iillltl¢ilc¢ oi! irraditilcd caliOll glillllll;i dos¢s of Rcillox i,xl I+tl_Q resill bi limited iii 4(i()

¢xchailg¢ resin. PluloliiUlll• wilh its nulll¢rous slabl¢ lll¢galacl.s _tlgaillnla ractialioli for illaxinluni .sal¢lS'. \¥¢

oxidalion slatis, miohi siinilail\' ini¢raci with highly further ICCOllllll¢ntl Ihai ai)lm)piiaic siil'o processes be

i¢aciiv¢ radiol\tic spccios lo prolccl anitm exchange tlevcloi)¢d It)cli,,_olv¢ or cl¢ccUUl)ll._c sp¢nl, nilrai¢-Ioi'nl

rc,,iu. Couversel\'• lhc pl¢SCllC¢ til pluttmiunl ioils io._illS before their disposal it) ¢liilliil;il¢ the ptls.sibiliiy

iniThl h;iv¢ lhc ol_pOsile cflL'cl and ;tccul¢iale Iii, ? iii gas-i_rl)tluc'ing inl¢ia¢iions b¢lxv¢cn lllo nilr;ilc and
dc,,Irtlt-'tioil til ailion cxc'h;iiigc n.',_in, tSlgallic pl)lvlll¢rs cluring ._lt)iiit,¢

Th¢ cffccl iii plulo!liUlll Ioad¢d ,)I1 th¢ iosiil t-'t)tlltl $. Iriadialion ttalllagc c,au.<;¢d by ;ill)ha l)aiiicl¢._ is

bc cl¢icril_iil¢d b\ gaulllla-irradialiilg ailion exchange Iwo- li)lhr¢ofold Iow¢l ihail Ihal t-';ius¢d bv c'_lrilpar;iblc

i¢._illS t)n \_hich )l-_Pu is _t_tbcd. The lt_w spccilk' ¢xpt).surcs It) 7anlllla lilclialil)ll. W¢ altribul¢ this
ac_ivil\ _)I ).7_ × I()$-\'¢;ir 71-_Pu x_oultl cl)nlribulc dill¢rcnc¢ li)lilt.' larger voltiill¢ of nitric acid irracli;ilcd

llcgligiblc cxptl,,Ul¢. II ;i sullicicnt qu;intily tsl bv g;iillllli.i i;iyx. "l'hi;, lill'g¢l" vtlltllllC producc._

i,,/lll)l_icllll\' ¢urich¢d 212pu i,; lit li axailabl¢, -_'Np. proplliliOll;ll¢ly iilore nilrii¢ ;iilcl liilro iadical,; tluil Iliay

\_hi)s¢ hall life is _lC;.il¢l-than ? iuilli_)il vcai_;, c'/)til(I Catl,,¢ lllllch til lhc rc,,,in _ltillla_C Ihrt)ugli s¢cllllcli_iy
bi ni.lbslilul¢d It) l_it)vitlc a rcasOllabl¢ apprl)xililalit)ll til lOaclit)lls.

I_lUltllliunl c'holllical t_ch;.ivior ttUlill 7 tills 0Xl)¢1i111¢111.
fs. The capacilic.,, for I>u(IVI li) ;illit)il cxchatlgc i¢nins

Th¢ rc,,ulls could thou bc Ct)lllp;il¢tt _itll ihosc til
Ihal wcr¢ gainilla-irr;idialcd iii 7 M Iliilit-' amid gcilcrallv

_;+iilllii_i irradi,ilionn of ill¢ial-lr¢c anioll ¢xch;iil,,c
"- incrca.<,c, ic'l;tli\'c' li)in¢a.<;uicd It)ial chllwid¢ c'apaciiics•

rc,,in_, bcf_wc lhc\ tlCClt-';.i_,c. "l'his ii_c'i¢ascd c;ipacilv ill;.iv bi

di.lC Iii _c'is_ilulill 7 ol +cro_._-Iinkin? bOlitt._,, clln\,cl,,it)ll

%!. ('()N('I,I'_i()NS _)1 _,lrt)llg.-basc ¢xchall_C _it¢_ li/ \\'¢ak-b,in¢ sit¢_, t_i'
bi)Iii. II liiiiv bc r¢lalcd I_)lhc Jilci'¢a.scd pcil'_)iill;iilc¢

I. R¢illcx TM ttPQ l_t_l\villyll_yridillc _iilit)ll cxu'hai;_gc
tillc'ii llb_Cl'\'¢d ft)r ;t no\\ i¢_ill ;ik it i_, c't)lldilitlil¢cl by

ic'_iil i¢taincd illtlrc til ii_ iilitial \w.'iuht allcr _;illlllla s¢\'ci;.il illtllllh_ til _G_cl;itit_li \viih ,icliuid¢,, iii ;l iliiric__tl lilt;_iriitl <,¢\l_t_tirt.',, (iii 7 _I nitric ',icidi tsl Ilill i/_ '_
• a¢itl lllCdiUill.

lhail ',iii\ til" ihc ltmr p_l\'_i\rctlc ',iilitm c,;c'ha_iT¢ i'c_iil,,
,,lucti¢<t.
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