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ABSTRACT 

Prolonged .xpoIUr. of cation .xchange resin in the hydrog.n form to gamma-radiation 

and flowing _ter couoed more drastic chonges in the ch .... ical and physical properties of 

the material thon has been r.ported by other investigoton for resin .xposed to like dOlOg8 

in a ltotiC Iystem. After a dOle 01 0.75 x 109 rad. in a dynamic Iystem, the rat. of lou of 

Itrang-acid capacity _ 20 to 25% per whr per gram 01 dry resin, compared with th.4% 

and the 10 to 20'!(, found by others for the Itatic Iystem. AI ... , de-a_linking 01 mare than 

4% 01 the "lin matrix accampani.d thb lou of capacity, c.....,ar.d with the more moderate 

d.-a_linking or .Wln additional cr_linking reported for the Itatic Iystem. 

Gamma radiation al ... cOUMd gas .volution, bead I_I ling, and produced a weak-acid 

capacity in the resin .quival .... t to 3 to 5% 01 the original Itrang-acid capacity. 

O.compaoition praduCII included lOIubl. wlfuric, wlfonic, and oxalic' acids, and 

i"",lubl. bill oI ... in. The G(-S) value was estimated to .. ".-t 1.0 to 1.2 aloml I .. t 

per l00.v of energy abIoobed. 
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Although Ion exc:hange II widely used for dec:ontamlnatlng waste wate" and 

separating and purifying radlaac:tive nuc:lldes, the limitatlonl Imposed by radiation 

damage to organic: rellnl are ~Iy defined. Previously reparted wark hal dealt with 

relln expaaed under a variety aI c:ondltlons: the "bone-dry" ltate, (1,2) the "mal It, " 

alr-drled Itote,{2-6) and the completely wet, lwollen Itate.{6,n In addition, all 

reparted expalurel w_ made In quiet water, which permitted the ac:c:umulatlon 

of degradation produc:ts formed during Irradiation. Changes induced uncler these dr-

c:umstanc:. would nat neceuotily apply ta prac:elllng c:onditlons where, typic:ally, relln 

II submerged In a flawing aqueoul Itream whl c:h would remove _ aI the degradation 

produc:ts. 

The abjec:t of thll work wOl to Itudy the c:hangel In relln propertlel under IImulated 

c:ondltlons of proc:eulng by expallng a fixed bed aI c:otlon_change resin to c:abalt-60 

gamma radiation and fI_Ing water. 

EXPERIMENTAL 

Materlall. The c:otlon exc:hange resins D_ex 5IJW of 8%, 12%, 16% and 2O'lI. 

c:rCllllinkoge, and Amberlite 200, a highly c:r_linked yet parous material (mac:roretlc:ulor), 

_re tested. Before Irradiation, eoc:h sample was c:onverted to the hydrogen form by treatmenl 

with C:OUltlc:, ethyl alc:ohol, nitric: ac:Id, ond demineralized woter In the usual way. 

Procedure. In each experiment, 30 ml aI _In in a ltainl_ lteel c:ylinder was Inserted 

into a 10.ooo-curle c:abalt-60 gamma -ray source ond exposed ta a radiation Intensity of abo.. 

0.012 watt per gram aI dry _In. The oppcIfa' .. illketched In Fig. 1. Demineralized water I 

I ... than one mic:romho/cm specific: c:onduetance was pumped downward through the resin 

c:oIumn at a Ii_ fI_ rote of 1 Cl'lll'min (" ml/mln). The superficial holdup time aI the 
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wate, was estimated to be 7 min. Outside cI the radiation field ond in sequence, the 

column effluent woo (1) passed through a sintered-gloss disk to remave entrained portieles, 

(2) monitored continuously for pH and specific canducto:!nce, (3) possed through a dyed bed 

of anion .. sin in the hydroxyl form to sorb radiation degradation products, and (4) finally 

collected for analysis. 

Analyses. The chemical and physical properties of the resin samples _re mealured 

before and after exposure to rodiotion. Relin capacity _ determined by titration to pH 7, 

uling a glo$5 electrode, and by sulfur analysis. Wat_ content wea determined by remaving 

the excess wat ... by centrifugation and then drying the r;:sin that thus contained only interstitial 

water; 12-hr in a vacuum oven at SO to 6O·C _sufficient. The collected effluent lolution 

of each run _ concentrated about fiftyfold in an especially designed vacuum-dilti lIation 

IYltem(8) at 10 to IS·C. This concentrate and the coustic eluant fr"", the dyed onion column 

we .. onolyzed by _t chemical and several instrumental methods in on attempt t<J identify 

the products of resin degradation. 

RESULTS 041'.0 DISCUSSION 

Expcalng the carion exchange resin to gomma .... odiation changed both the chemical 

and physical properties. After a doH of 0.7S x 10
9 

rods (2 whr per gram of dry relin), Dowex SOW 

resin leat 10 to 20% cI its original weight and 40 to SO% of its strong-acid capacity, the less

cr_linked resin 100ing more of each (Table 1). A weak-acid capocity of 3 to S'lb of the original 

strong-acid capacity was also acquired. After 3.9 x 109 rods, (10.6 whr per gram of dry resin), 

the 8'11.-croulinked resin leat more than 9O'lb of its original weight and 98'11. of its strong-acid 

capacity. The macroretlculcr resin, Amberlite 200, showed a 13% weight lou and 043% 

Ifrong-acld capacity Iaoo afNr 0.97 x 109 rods; thl' I, =upOiable to the performonce of a 

_",.,,11_1 16- cr ~-_linked D_ 5fNI..aIn after an expouore of 0.7S x 109 rods. 



Table I. Prolonged Exposure of Cation Exchange Resins 10 Gamma-Radialion Causes Lass in Weighl, Lass of SIrong-Acid 
Capacity, and Produces Weak-Acid Capacily 

()illi nol Resin Gamma Exposed Resin 
CroulinkCllle Strong Acid Sulfur Radialion Mass Strong-Acid Weak-Acid Sulfur G(-S) 

and Capacity Conlent Dose lou Capacity Capacity Content atom loot 
Mesh Sin (_o/'dry g) (wt %) (r x 10-~ (wt %) (meq(dry II) (meq(dry g) (wt '!bl lill! ev sorbea 

0_5f1NX-8 "-80 15.4 0.76 20 3.18 0.25 13.7 1.0 
(20-50 ..... h) 

0_5f1N X-12 4.85 14.9 0.77 18 3.38 0.15 13.5 1.1 
(20-50 .... h) 

0_" 5f1N X-16 4.81 15.5 0.75 10 3.47 0.22 14.5 1.2 
(20-50 .... h) 

O_5f1NX-20 4059 14.2 o.n 15 3.27 0.14 12.9 1.6 
(20-100 _h) 

0_5f1NX-8 4.97 15.7 3.9 96 1.88 a 7.0 
(20-50 mesh) 

Amberlite 200 5.00 14.8 0.97 13 3.30 a 12.6 1.2 
(16-50 ..... h) 

a Only strang-acid capacity determi ned. 

0 
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A c F IICIII 01 .... capacity data 01 thli wwt. far Do._ SINi ,..In with "'-

,., ...... ed In .... IlIWOIure far c maF obi. rodIolion d_ IndicOlei !hot the rate of 1011 

II ........... n the aoIutl.w fI_ through the realn bad. Utley(5) nported that the 1011 

rale far Gi.-Goied ,..In .1,lIIld In 0 IIotic aya __ obout." per whr per gram of dry 

9 
reeIn far 0 .... of 0.9" 10 rods. Fer .. In ... I ,.d In 0 _led lube of l'08I_t _ ... 

ond IICfl alld to 0.38" 10
9 

rods, Hl;ulnP) .. ported 0 1011 rate of 10 to 2O'K. per whr per 

..- 01 cIry real... In the fI_l .. wolee _perl_ reported ..... , the capocity 1011 r_ 

9 
_ 20 to 25'M. per whr per ura- 01 dry .. In far on .'+ IIIU" of 0.75" 10 rods. 

9 Sulfur _1,..11 of the realn ..., __ POMCI to 0.75" 10 ..... Ihowed thot 20 to 25'M. 

_ ... Ifur ....... ned on .... realn _Irl" thon _Id be indl~ by the octive IUlfonole 

urOUfll 01 de ...... ned by Ii_Ion (Tobl. I). On the boail 01 the IUlfur onol,..is, the averoge 

rale 011011 oIlUlfur durl .. '_pcII''', G(-S), _ .tl~ to be 1.0 to 1.2 otoms per 100 ev 

oI-Uy L !'Abecl. 

9 Go iiO radiation dorbned ond _lied the .. In beods. Aft. 0.75" 10 .ods, the 

inG"1II1 In portIcl.llu 01 Do,,_ SINi ,..In baoda 'IOrled In_ly with the ...... of 

crOllIlnkQ;e, ...,1 .. fro. 0 25'M. In_ far R-crGlllnload ,..In to no detectobl. chon .. 

far the ~ realn (Fl;. 2). OptIcoi m1croacopy 1",,11. (lOX) 01 the _t, 1_II.n ,..in of ... 

_poaure "'o"ed no fl...-ln; ar fnlvmentotlon IImllar to that ....... ed far .. in .xpoeed in th. 

Gi.-Goled ltole. (5) Deeplle the I_iii .. , th.. _ on _II I to 10% d.cr_ in resin 

Data on mol ..... cont.nt ond copoclty 1011 .t- !hot de-crOlilinlci,. of the resin molrix 

occurNd durI ... 1, OJ ... 01 the materlol In 0 flowin; ._ 01 __ (loble 2). It_ 

eati""" that .... nu"l~ oIlntentitlol _ ... mDI.cul. retolned per IUlfonole (-S~H) 

. 9 
;roup _lnI .. on .... realn aft. G.75" 10 rods .... , d I2O'K. .-'. thon thot for the 
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orillinal _ .... ioll. For -,,-d r .. illl, thll ratio showed 0 maximum inc ...... of only 

3O'W. for each "'" de~ In cr_lInkage. The 1_ of polar sulfonate group' during 

irradiation _Id tend to ..Glee tM _ .... content of the resin. Thus, the observed in

_ In _ uptake II attributed to deer_linkage of the resin matrix of mor. thon ""'. 

Other Investlgotors ho ... reported both addltionol cr_lInki"" ond moderote deer_linki"" 

at COIIIpiiiaOle cIoooges for resin expelled .taticolly in the air-dried .tot •• Utley(S) found 

additional ~linkl"" after 0.44 x 10
9 rods: thot ii, a decrease in the _ .... retention rotio 

of 16% for both 8- ond 12'11o-",-lInked Dowex 5f1N r .. in. Data reported by Fi.her(2) ond 

by Smith ond Gro},(6) show that de-~Iinkl"" occ ..... ed in each of their experiments, the 

ratio inc.-i"" about 40'11. oftw 0.22 x 10
9 

rods for Amberlite IR-I20 (8%-croo.linked cation 

resin) In the Ear- COM ond, In the lot .... CCII8, incr .... i"" 8O'lI. ;;Jt ... 0.28 x 109 rods for 

12'11o-cr_linlced Dowet!il1W. The II,... .... increaM in _ .... retention'" high os 138%) 

em.. ved here i~li .. that de-cr_linki"" ploys a major rol. in the damage reported for 

_In UIed in radiochemical proceaing. Apparently, when a r .. in bed i. exposed to both 

go_radiation (rr- fiaion products) ond to a flowi"" aqueous .trea .... the a_links are 

.. vered, .....,lti"" In detrl-.tal .ffectssuch os (I) r .. in diaolution ond capacity lOIS ond 

(2) the Introduction of lCIIubi. ond IlIIOlubl. contaminants Into the .Iuted products. 

The effluent of _h of theM experiments contained IIaMOUS, lolubl., ond insoluble 

products of _!n decOlllpCllltion. Th.llaMOUI ond inlOlubl. products wer. not identified, 

but ultroeentrlfuge ond Ilght-scotterl"" ltudi .. did indicate that the IOlid. suspended in 

solution hod a denIIty of I and a moleculor _ight of ..... rol mi Ilion. 

The •• _ products _ acidic, os shown by the continuously recorded pH ond 'pecific 

_oductlYlty daIa (FIgL 3 ond ~ and Included sulfate, sulfonate, and _late iOlll, os identified 
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by we~ chemiltry and paper chromatography. A comporilCln of reported (9-11) and 

experimentalapecific conductance data indicatel that the concentration of acid in the 

effluent WOl about 10-3 ~, in "II"e ....... t with the obierved pH data. Starting with a 

maximum spllcific conductance of about 400 .. mho/em and a minimum pH of 2.7, the 

acidity decreOl8d with increGling radiation dOle. About 75% of the lOIuble sulfur in the 

effluent WOI In the form of Iulfate. 
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