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ABSTRACT 

The 28 March 1979 accident at Three Mile Island Unit 2 released approximately 
560,000 gallons of contaminated water to the Auxiliary and Fuel Handling Buildings. 
The water was decontaminated using a demineralization system called EPICOR-II 
developed by Epicor, Inc. The Low-Level Waste Data Base Development--EPICOR-II 
Resin/Liner Investigation Project, funded by the U.S .  Nuclear Regulatory Commis
sion, is studying the chemical and physical conditions of the synthetic ion exchange 
resins found in several EPICOR-II prefilters. The work is being done by EG&G 
Idaho, Inc. at the Idaho National Engineering Laboratory. This report summarizes 
results and analyses of the first sampling of ion exchange resins from EPICOR-II 
prefilters PF-8 and -20. Results are compared with baseline data from tests performed 
on unirradiated Epicor, Inc. resins to determine if degradation has occurred due to the 
high internal radiation dose received by the EPICOR-II resins. Results also are com
pared with recent findings on resin degradation by Battelle Columbus Laboratories 
and Brookhaven National Laboratory. 
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SUMMARY 

Th� �8 \tar..:h 1 979 accid�nt at Thr�e \t lie 
Island l'nit 2 rekased approximately S60,000 gal
lons of contaminated water to the Auxiliary and 
Fuel Handling Buildinas. The water was decontam
inated using a thrtt stage demineralization system 
called EPICOR-11  containing organic and inor
pnic ion cxchana� media. The first stag� of the 
system was desi&nated the prefilter, and the second 
and third stages "'�re called demineraliurs. Fifty 
EP ICOR-11  prefilters with hi&h concentrations of 
radionuclides were transported to the Idaho 
National En&ineering Laboratory ( I N EL) for 
interim "torage before final disposal at the com
mercial disposal facility in tM State of Washington. 
During the interim storage period at I N EL, 
resean:h was conduct ed on materials from those 
EPICOR-11  preftlten. This study addresses the 
condition of the ion exchange resins in those 
prefilters. 

Resin cores were obtaaned from prefilters PF-8 
and -20 using special tools dcveloped for that pur
� . A description of how those tools were used is 
Ji� herein. �moval of samples from the cores, 
along with cleaning and preparation of those sam
ples, is discussed. A series of characterization tests 

iii 

were performed on the resins to determine if degra
dation due to radiation had occurred during 
interim stora&e. Those tests included American 
Society for Testing Materials procedures, infrared 
spectroscopy, gas chromatography, scanning elec
tron microscopy, and barium chloride precipita
tion. Details of test methodology and results are 
descr ibed. 

Analyses comparing test results of resins from 
r PI COR-II prefilter' PF-8 and -20 with unirradiated 
resins obtained from Epicor. Inc. o;how resin degra
dation has occurred in some of the EPICOR-11  res
ins examined. The mechanism of degradation is 
compared with work of other researchers and is con
sistent with thear findings. The strong a..:id cation 
resins (divinylbenzene, styrene base structure) are 
losing effective cross-linking along with a scission of 
functional groups and are experiencing first an 
increase and eventually a decrease in total exchange 
capacity as the absorbed radiation dose increases. 
The phenolic cation resins (phenol-formaldehyde 
base structure) show a loss of effective cross-linking 
and oxidation of the polymer chain. ·\nah'e' of res
ins removed from EPICOR-11 prefilters PF-8 and -20 
over the next SC"Veral year' should show a further 
increase in degradation. 
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EPICOR-11 RESIN DEGR ADATION RESULT S FROM 

FIRST RESIN SAMPLE S O F  PF-8 AND P F-20 

INTRODUCTION 

T he ��� \t arch 1979 accident at T hree \l it e  
h lan d U nit 1 rc� a� approx imately 560,000 pi

I ons of contam inated w ater to the Aux iliary and 
Fud H andling Buildinp . That w ater was dec on
tam inated usiq a demineral iz ation \)� tern called 
EPlt'O R-1 1  � eloped b� E picor , Inc. The contam
ina ted wa ter was cy cled through three stages of 
or ganic and inorganic ion exc hange med ia. T he 
fi rs t  stq e of the system "''8.5 Jn ianated the prefil
ter. and the sec ond and third s tqes were called 
dcm incra liz ers. Af ter the fi ltration process , the ion 
cx chanac media in SO of the prerd ten contained 
rad ionuclides in conc entrat ions area tcr than thos e  
es tablished f or dispo\a l of � imilar material' as low
levd wa stes. Th� prefi ltcrs were tra nspor ted to 
t he I daho '>;a t ional Enginccr ina l aborator� 
(I NE L) for interim storage �f ore f inal dispo sal . A 
spec ial overpac k, or hia h integr ity container, was 
� loped durina that storage period for use in dis
po sing of the prcrd ten at the commercial dispo sal 
facil ity m the State of Was hinat on.  

Du ri ng the interim storage per iod at  I NEL ,  con
tinuina research was conduct ed  by EG&G I daho. 
Inc:. on material s f rom th� EPI COR-1 1  prcfi lter s, 
und er the E PI CO R  and Was te Resear ch and Dispo
si tio n  Program funded by the U .S .  Depart ment of 
EncrJY . That wor k has been tr am.f errcd to the U.S. 
"u.:l car Regulatory Commiss ion (NRC) as part of 
the Low-lev el Waste Data Base t:kv elopment
E PI CO R- 1 1 Res in/l iner l nv estiaat ion P roj ect . 
S tudies arc be ina conduct ed on (a) organic t on 
cxc hanac res ins from se lec ted prefi ltc rs and (b) cor
ros ion res istant behav ior of the rhenolic coated 
s tee l  walls of the prefi lter liners. T he resins are 
bei na exam ined to meas ur e dear adation. and tes ts 
arc bei na per formed to character ize solidifi ed ion 
exc hanae media. 

Dqra dation r, tudies traditiona lly have bee n con
duct ed using res im tr radiated by an ex ter nal s ource, 
1uc:h as a reactor core or Co-60 source. 2 f he 
p mma dOte provided by an ex ternal source simu
la t� that rec ei ved f rom radionud ide' ret ained on 
t he m in matrix by io n exc hange. Mod es of dear a
da tion do not differ between ex terna l  and internal 
r adiation; but t he literatur e  notes that internal radi-

ation caus es more ex tensiv e  damage than ex ternal 
r adiation, presumab ly fr om such s ourc es as s hort
r ange. hiah- ener gy b eta radiation. T he organic 
res in of EP ICOR-1 1 prcf ilters had b een contained 
in line rs for appr ox imately 4 years and ex perienced 
internal r adiation doses of about to7 r ad.  

T his repo rt discusses the res in degr adation s tud
ies conducted on organic ion ex change res ins 

r emoved fr om tw o EPI COR-1 1  prcf ilters (PF-8 and 
-20). As pan of the EP ICOR and W as te Research 
and Dispo sit ion P rogr am , 46 prcfi lters arc being 
dispo sed at a commercial dis pos al facility. 3,4 Fo ur 
prcfi lters used in the NRC studies will be s tor ed in 
tempo rary storage casks outside the H ot Shop of 
Test Area North B uilding 607 (TA N-607) at I NEL 
Throughout this repo rt the f ollowing nomenclature 
applies to ' arious siz es and confi gurations of mate
r ials removed from EPICO R-11 prefi lters f or exa m
ination: 

• Resin Co/P-One core remov ed f rom each 
pref ilter PF -8 and -20 using coring too ls 

• Resin Somp/es-100- ml volumes of res in 
r emove d  f rom the cores ( two sa mples fr om 
PF -8 (desip ated PF -811 and PF -812) and 
one f rom P F-20) 

• Aliquots- small q uantities obtained f rom 
the res in samples. 

To dev elop baseline data f or res in degradation 
studies, unirradiated ion ex chanac r esins r epresent
ative of thos e  in the prc filters were obtained from 
E picor, Inc. The unirradiated resins w ere identifi ed 
by f unctiona l group, ex changeab le s pecies, and 
matrix (e.g. , sulf onic acid, strong acid cation, and 
' ty rene) .  They wer e characteriz ed f or comparis on 
with the resins f rom PF-8 and -20 . B oth the i rradi
ated and unirradiated res ins w er e  exa mined using 
similar tec hniq ues . T he r esins were pretreated to 
permit weighing and dry ing of s amples without 
prob lems caus ed  by contamination or decompo si
tion. T hen, A merican Soc iety f or lh ting Materials 
(AST\1) tes ts were used to determine ex change 
capacity, density, and moisture contc nt .S Inf rared 

• 



spectroscopy (IR) was used to identify functional 
groups (e.g., sulfonic acid, phenolic, and quater
nary ammonium) and matrix material (styrene and 
phenol). Vapor phase chromatography was used to 

2 

analyze the rinse, soak, and acid rinse solutions 
from the ASTM tests quantitatively for styrene and 
divinylbenzene. 



MATERIALS AND METHODS 

EPICOR-11 Prefilters 

EPICOR-11 prdiher linen a� 4-fi-d iamC'ter by 
•-ft -hiah cylinckn with I 4-in.-thick walls and 

top5 and ( ; �- to � 8-in. -thick bouoms tFigu� I). 
1M linen a� of �lded constru�.--t ion usil18 .\ST '' 
t:vpe -\-36 ca rbo n  steel . Tbc internal and external 

surra .. �� painted with Phenoline4l 368 coating . 
Each liner contains about 30 ft3 of ion exchange 

media. � types of media (i .e .• cation, anion, 
mi"ed bed, and ·or zeolite)�� placed in each liner 

in la�us. Of the prefiltc:rs m:c i� at INEL, N con

tained bot h  organic ion exchange �ins and inor

gamc zeolite, and II contained organ ic � ins only. 
Du ring the filtration pro..�'- a perforated, four
branch influent manifold dJ,lrl�uted contaminated 

•ater <Wer the ion exchange media, while the efflu

ent was drawn off from the bonom of the p�fiher 
through a porous, multibranched return manifold. 

Bot h  manifolds are piped to a manifold plate on 
top of the liner. A vent pon and adapters for liquid
l�d de1ectors also are located on the manifold 

plate. A man•-ay is located beside the manifold 
p&.te on the top or the liner. lon exchange media 

wn-c loaded into the liner through the manw a� . 

Rmlm..t of �ins from the p�filter was accom
plished through that man•ay. using coring tools. 

Coring 

Resin cores�� removed remotely from p�fil
ters Pf.-8 and -20 in 1 983, using coring eq uipment 
bued on a des ign developed at Battelle Columbus 
Laboratories (8CLI and modified for use at 

JNEL. 6 PF-1 (containing organic res ins) and PF-20 

(containing orpnic resins and zeolite) we� selected 

for the resin degradation studies because they are 

lriahlY loaded representatives ( 1400 and 2000 Ci, 

respect ively) of the two types of EPICOR-11 
p�filters. 

Tbc coring equipment consi\ted of the foll�w
ms: (a) wring too l auide, which locates the cor�na 
tool over the prefilter r�in bed; (b) \pacer, whach 

alisns and guide-s the coring tool into the bed; (I;) 
corin a too l  and shutter, used for collecting, trans

porting. and 1toring the resin co�; (d) casina and 
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shutter, u!!oed for retainina the void \pace in the bed 
and preventing collapse of the �sin bed after 
remov ing the cor ing tool; and (e) vibrator tool, 

which drives the coring tool, cas ing, and �hullers 
into the resin bed. Figure :! shows a research 

EPICOR-11 prefilter with corins equipment setup. 
Figures 3 through 7 show the process of obtaining 
a resin co�. 

The re,in core contained layers of ion exchange 

media in the same relative positions as in the p�ftl

ter bed. The void in the coring too l abov e the upper 
level of the resin was filled with unirradiated zeolite 
befo� loweriDBthe tool to the horizontal position. 

The zeolite filler prevented shifting of the �sin dur
ing transport. The coring tools were placed hor
izontally in separate casks and transponed from 

the TAN-607 Hot Shop to a hot cell at the Test 
Reactor Area ITRA) for gamma scanning and 
remo,al of resin samples. 

Measuring Radiation Doses in the 
Resin Beds 

Full-depth gross gamma scans we� made in the 
p�filter �in beds after rem ov ing the co�. Those 
scans were used to estimate the total integrated 
radiation dose abso rbed by the �ins. Measure
ments we� taken with a Victorecn Model SlO 

roentgen rate meter which used an air-equivalent 
ionization chamber radiation dC1ector (Model 607) 

and associated cur�nt measuring electrometer. The 
task was accomplished by remotely lowering the 
radiation detect or down the :!-in. by 3-in. holes c�

ated in the resin bed s  during the coring process. 
The averages of the actual gamma scan measu�
ments taken during insenion and �traction of the 
detector at e.ch location a� given in Figu� 8 and 

11. Measu�ments taken at the el�tions of inte�sl 

we� used with the calculations of maximum cumu

lative doses of Ref e� nce 7 to estimate the total 

integrated beta and gamma radiation dose for each 
resin sample (lable I). 

Gamma Scanning of Resin Cores 

The full-lenath resin (ore:' from PF-R and -20 
we� \l:anned in the coring tl>OI using a <.le(l.i) . 
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Figure I. Schematic (isometric and full section) of an EPICOR-11 prefilter. 
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f"ll\lre 2. Carina equipmau setup in lhc TAN-'07 Hol Shop, used to remocdy coUect rain cores from EPICOR-11 
prdiltcn. 

f"�p�e l. The corina rool bciq lowcmf mnotdy inlo 
.., rata bed durana lh� coriq procnt or an 
EPICOit-11 PRfiiiCr. 

Fiaure 4. TM vibrator tool dm ina th� corins lool into 

th� man bed durina lh� corina process''' an 
EPICOR-11 prefilt�r. 



Figure S. The coring tool/resin bed interface (before insertion of the shutter) during coring of an EPICOR-11 prefilter. 

Figure 6. The upper end of a coring tool, casing, and shutters after insertion into the resin bed of an EPICOR-11 
prefilter. 
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Lifting tool 

F� 7. � conn1 tool (contaminl 1 rr,in core) brin1 removed from an EPICOR-11 prefilter 
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Figure 8. Results of full-depth gross gamma measurements taken inside the hole created in the resin bed by the coring of 
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Table 1. Eatii'Mted radiation doHa to realna from EPICOR·ll preflltera PF-8 and -20 

Sample 

PF-811 
PF-812 
PF-20 

Date Prefilter 
Removed from 

Sem""e at TMI-2 

18 �. 79 
1 8  Dec. 79 
13 \tar. 80 

Date Resin 
Cored 

.. Oct. 83 
.. Oct . 83 

I I  Oct. 83 

aamma-ray detector (with a\SOCiated electronic' 
and a 0.,-in.-wide by 1.0-in. -hiah collimator) to 
cktcrmine axial aross aamma activity versus lenath 
of tM core.8 The axial locations of hiJhest radio
nuclick a"'tivity for the resin cores �re determined 
usiq those scans. Then, isotopic spectral measure
ments� taken at t he locations of hiahest activ· 
ity, as shown in FiJure 10 for PF-20. There were 
two radionuclides havina measurable conccnrra
tions detected by tM aamma spectral scan�. Cs- 1 34 
and - 1 37. Isotopic pmma-ray intensilies for Cs· 
1 3" and -137 �re measured versus distance alona 

---------

Measured Activity 
at Location of Total fJ and ;-

Sample in Prefilter Radiation Dose 
(R/min) (rad) 

1�.� 6.8 X 1 07 

1 5.] 4.0 X 107 

14.3 3 .7 X 1 07 

I he resin (l)res, The results for C\·l 37 are shown in 
Figures II and 12 for PF-8 and ·20, respectively. 
The resin samples were collected from or near those 
regions of highest radionuclide loading. However, 
it is noted lhat tM PF·20 sample was not collected 
from t he reaion in the organic resin of highest 
radionuclide loading (near the bottom of the core), 
but rarher the sample was removed from t he resin 
adjacent to t he zeolite. In that prefilter, the zeolite 
contained by far the hiahest concentration of radio
nuclides and thus produced an integraled dose 
much higher than that seen at the bottom of the 

1�----------------�--------------�----------------. 

� -

1o2 

,tfJ L....-----------=-�-0 500 

,... 
(") 
-

� 

Energy (keV) 

� 
0 
'0 c 
;:::) 0 � Q � 
u 

� �� 
JJ 
0 

1000 

� 
0 
'0 c 
;:::) 0 � Q 
tj� co.-m.o 

0 

� :::..::: 
'0 c 
;:::) 0 � Q � 
(,) co m 

1500 
4 1711 

f"11un 10. Rnult• or a.ocopic spectral mcuurcmcnta of the rnin con from EPICOR·I I  pnfilter PF-20 at an elevation of 

29.25 in. (kxation of hipnt radioactivit)'l. 
• 
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Figure I I .  Isotopic (Cs-137) gamma scan over the length of the resin core from EPICOR-11  prefilter PF-8, showing 
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min co� (Sft Fiau� 9). This study is concerned 
with ckaradation Of Orll&nic ion exchanae rt'Sin�; 
thcrdo�. only oraanic min samples wert' �moved 
from the corn. 

Sampling 

At TRA. e.ch min-filled corina tool was trans
fcntd from ill cask into the hot cell for rt'mote 
rt'mo'al of min sampln. The coring tool shutter 
was withdrawn to ex� the ion exchange media 
(minl. The com of PF-8 and -20 with shutters 
rt'mo� are shown in Figures 1 3  and 1 4, rt'spec
tivd). Tbosc figu�!l are composit� of photographs 
ta.km throuah the hot cell periscope and show the 
la)WS of diffe�nt ion ex&:hanae media in the COrt'S. 
It is noted that some smcarina of material from one 
la�r mto another occurred whm the shutter was 
imntcd and withdrawn. That smearina or one 
la)u into another required careful rt'moval of the 
miud surface material to expo� unmilled rain 
near the center of the core. The unmilled material 
was the target for collection. The locations whe� 
the r�in '81Dpla we� removed from the corina 
tool art' shown in Fiaura IS, 1 6, and 1 7. 

The resin samples were obtained from the cores 
usiq a vacuum pump and water-filled, araduated 
a1ass column (Fiaure 18). One md or a flexible rub
ber tube was attached near the top of the alass 
column, and the other end to a vacuum pump out
side the cell. A �gment of rubber tubing was 
attached from the top of the a1au column to a 
stainless steel tube to form a wand (see Fiaure 1 8). 
With the 'acuum pump operatina. the wand was 
posttioncd over the tarJd min with a master-slave 
manipulator in such a way that the rain was drawn 
into thc wand and thence the water-filled column. 
Sample sizes of 100 ml were collected. 1\vo sam
ples were obtained from the PF-8 core, one styrene 
cation rnin (PF-811) and one phenolic cation resin 
(PF-812). A aiqlc styrene cation resin sample was 
obtained from PF-20. No anion rain sample was 
collected from either core because or the much 
� radionuclide content or the anion exchange 
rain and accompanyina low radiation dose (result
in• in much leu dqradation than in the cation 
C'.IIChante rains). 

Sample Preparation 

The radiation levels in the PF-8 and -20 samples 
weft of such intensity that work performed on 

I I  

those resins would have had to be done within a hot 
cell environment. That type of environment would 
have made the characterization and analysis of the 
resin samples very costly and time consuming. It 
had been shown by teats performed at INEL on 
unirradiated resina, that an Epicor, Inc. resin could 
be stripped of 99'1• or its cations using a IO'lo 
hydrochloric acid solution.9 Based on that infor
mation, it was decided to elute the radionuclides 
(cations) from the PF-8 and -20 resin samples. 

As described in the previous section, samples 
were removed from the coring tools and drawn into 
a 1 -in.-diameter by 1 8-in.-high ion exchange 
column filled with distilled water (Sft Figure 1 8). 
The samples were allowed to stand 24 hours in the 
water-filled column. The ion exchange column then 
was reconfigured as shown in Figu� 1 9. The dis
tilled water was removed through the shutoff valve 
or the column and retained for gas chromatography 
(GC) analysis. (GC was used for determining the 
presence of any soluble organic resin degradation 
products.) Resin samples PF-81 1 and PF-20showed 
restriction to now during this initial elution proce
dure. The distilled water also was analyzed for the 
presence of any functional group components, 
such as sulfonic acid, which had been dissociated 
from the resin. Resin sample PF-81 I then was 
rinsed two times with distilled water which was 
added by the pump through the tubing at the top or 
the column. Resin sample PF-812 was rinsed once, 
and sample PF-20 was not rinsed with distilled 
water. The distilled water rinse also was saved for 
GC analysis and functional group tests. 

A solution or IO'Ie hydrochloric acid was 
pumped through each resin sample at a rate or I 00 
mllmin, usina the configuration shown in Figure 
19. That procedure was continued until SS sample 
volumes (the amount determined to remove 990fo or 
the cations) or S.S L of acid was pumped through 
the resins. Representative quantities or that acid 
rinse were collected for later GC and functional 
aroup analyta. 

The distilled water soak, distilled water rinse. 
and hydrochloric acid rinse reduced the radionu
clide content of the resins and made it possible to 
remove the samples from the hot cell and perform 
the analyses 111 a 1Ype I I  fume hood containlna a 
hiah�rricien�"Y particulate air filter on the outlet 
duct. 
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Fi1urc U. Location "h�r� min wunplc Pf'·811 WIJ removed from rhc: corina lool. 
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Figure 16. Location where resin sample PF-8#2 was removed from the coring tool. 
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tubing ·�-- Rubber tubing 

Vacuum 
pump 
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w indow -

stopper 

------ Stainless steel 
nipple 

c=� 21 x= Sample 
coring tool 

._�- 1 -in.-d ia. g lass ion 
exchange col umn 

...lJ:o---- Shutoff 
valve 

• 0292 

Figure 1 8 .  Schematic of apparatus used to collect resin samples from the coring tools. 

Characterization of Unirradiated 
and Irradiated Resins 

Several analytical methods are needed to charac
terize a specific ion exchange resin. Those methods 
include the following: 

• ASTM Procedures for the Physical and 
Chemical Properties of Particulate Ion 
Exchange Resins 1 0  

• Infrared spectroscopy 

• 

• 

• 

Gas chromatography 

Barium chloride precipitation for determi
nation of sulfonic acid groups 

Scanning electron microscopy . 
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All of  the above analytical methods were used to 
characterize the samples from PF-8 (strong acid 
cation and phenolic cation) and PF-20 (strong acid 
cation), and unirradiated Epicor, Inc. resins (strong 
acid cation and phenolic cation). 

ASTM Tests. ASTM procedures were used to 
determine the chemical and physical conditions of 
the ion exchange resins. Results from analysis of 
irradiated resins (such as those from EPICOR-11  
prefilters) were compared with results from unirra
diated resins to determine if degradation had 
occurred. The following ASTM testsa were used for 
the strong acid cation and phenolic cation exchange 
resins: 

• Pretreatment (ASTM 02187-77 MethodA) 

a. The tests were performed in accordance with ASTM stand

ards, and deviations are wit hin allowable limits of those 

standard,.  
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FIJU� 19. Schematic or apparalus used 10 clulc radionuclides from lhc resin SMDples. 

• Water retention capacity (AST\f 02 1 87-
77 Method 8) 

• Backwashcd and settled density (ASTM 
02 1 87-77 Method C) 

• Salt splittina capacity (ASTM 02 1 87-77 
Met hod E )  

• Total c:xchanae capacity (ASTM 02 1 87-77 
Method F). 

hetTNtm•"' The pretreatment phase of the 
AST \f procedure was used to convert ion exchange 
rains to 011e standard form (usually the "odium 
form for cation rains). The standard form provides 
a budine from which the other ASTM tests can be 
performed. An ion exchanae column apparatus 
{FiJUre 20) was set up. and t he resin \ample added 

1 7  

to the column. The resin was back washed with dis
tilled water to remove any extraneous particles . The 
resin was rinsed with a IO'le hydrochloric acid solu
tion to remove any existing cations, converting the 
rain to the hydrogen form . From the hydrogen 
form the resin was converted to the sodium form by 
rinsing with a solution of 1 00  grams of sodium 
chloride per liter of distilled water at a rate of 32 
mllmin for I h. The resin was then in a standard 
form for analysis. 

*"-' R•tention C.fNICity. "Jesting of ion exchange 
rains for water retention capacity indicates the 
porosity of the rain. The porosity of a resin i \  
dependent on the amount of effect ive cross
linking. The higher the water retention capacity, the 
lower the effective cross-linking. In the case of the 
PF-8 and -20 resins, the water retention capacity is 
an indication of the amount of divinylbenzene 
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Figure 20. Schematic of standard ASTM apparatus used for pretreatment of resins and backwashed and settled density 
test. 

cross-linking. That relationship cannot be quanti
fied because of the proprietary nature of the 
EPICOR-11 resins. Some loss of effective cross
linking occurs before the release of radionu
clides . l I The test consisted of drying known 
amounts of pretreated PF-8 and -20 styrene and 
phenolic cation resins in an oven at I 1 0  ± soc for 
a minimum of I 8  ± 2 h .  The differences in 
weights before and after drying were used to calcu
late the water retention capacity. The test was per
formed in triplicate, and the average calculated. 

Backwashed and Settled Density. The backwashed 
and settled density test was developed to determine 
changes in effective cross-linking between new and 
used resins. The density is directly proportional to 
the amount of effective cross-linking in the resin. 
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As previously noted, some loss of effective cross
linking occurs before radionuclides are released 
(Reference I I ). The test consisted of back washing a 
known amount of resin with distilled water for IO  
min. The resin was allowed to settle, and the vol
ume recorded. Then the density was calculated 
based on a known weight of resin in grams to a 
known volume of water in milliliters. The test was 
performed in triplicate, and the average calculated. 

S.h Splitting CafNIC/ty. The salt splitting capacity 
test is designed to show only the number of sulfonic 
acid groups contained in a cation ion exchange 
resin . A decrease in salt splitting capacity would 
show a loss of functional sulfonic acid groups . The 
loss of sulfonic acid groups would allow the release 
of those radionuclides tied to those functional 



aroups. Phenolk . carboxylic acid, and phosphonlc 
add functional aroups also will exhibit, to some 
�. sail splitt ina .:apadty. The test assembly 
apparatus is depicted in FiJu� � I  . The rain was 
COn\-crted to the hydrogm form by nowin& IO'lt 
h)'Cirochloric acid solution �r t he �in at a rate of 
J:: mllmln. The hydroaen form cation rain was 
eluted with a 50 arams per liter sodium chloride 
\Oiution at a rate of 32 m l lmin. The eluted 
loOdium chloride soluuon was titrated with standard 
0.10 li sodium hydroxide solution to determine t he 
amount of bydroaen c:xchanaed in the elution proc
ess. Tbc test �-as performed in triplicate, and the 
aYCrqe .. :'&kulated . 

,.,., EIICIN,.e C.p•c,.,. The total exchanae 
capacity test is UJCd to determine cxcbanae capacity 
of cation ioa c:xchanae resins that contain func
tional poups in addition to, or diffamt from , sul
fooic ac1d functional poups. A dec�� in total 
c:xchanac capacity indicates 1M loss of functional 

Rubber stopper·------;� 

aroups, and subsequent loss of radionuclides. Dif
ferent functional aroups include phenolic, carbox
ylic acid , and phosphonk acid.  The apparatus 
shown in Fiau� 21 was as§C:mbled , and a I O'It 
hydrochloric acid �olution eluted through the resin 
to convert it  to the hydrogen form. The resin w a '  

transferred to a §C:parate nask containing 200 ml 
of standard 0.10 .ti sodium hydroxide solution . 
The solution also contained SO gram' of sodium 
chloride per liter. The resin was allowed to equili
brate in the solution for a minimum of 16 h.  An 
aliquot of the solution was collected and titrated 
with standard 0. 10  H hydrochloric acid solution. 
The adsorption of hydroxide ion by the resin in the 
presence of sodium chloride is proportional to the 
totaJ exchange capacity. The test wu performed in 
triplicate, and the averqe calculated . 

Infrared Spectroacopy. Infrared spcclroscopy 
involves identifying the rotational and vibrational 
motion of atoms in a molecule induced by infrared 

--- 500-ml 
aeparatory funnel 

Rubber 
stopper 

\--- 500-ml 
volumetric 
flask 

• 02t1 

Fisu� 2 1 .  SctlcrMtic of 1aandard ASTM apparatu• for determin!n• salt aplillina and total exchanae capacities. 
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radiation. The multiplicity of vibrations occurring 
simultaneously produces a highly complex absorp
tion spectrum. The spectrum is uniquely character
istic of the functional groups comprising the 
molecules and of the overall configuration of the 
atoms within the molecule. Infrared spectroscopy 
can therefore be used to positively identify a pure 
organic molecule. IR was used to determine if the 
styrene and phenolic cation resins in PF-8 and -20 
were the same as the unirradiated styrene cation 
and phenolic cation resins obtained from Epicor, 
Inc. IR spectra of the unirradiated Epicor, Inc. res
ins were compared with IR spectra from PF-8 and 
-20 resins to determine if any changes in molecular 
structure of the PF-8 and -20 resins had occurred 
because of the high internal radiation dose. 
[Changes can be seen by a shift in peak location or 
a major decrease in intensity.] A change in molecu
lar structure would indicate scission of the polymer 
backbone and eventual release of radionuclides. 

The resin samples were dried at a temperature of 
1 10°C to remove excess moisture and ground in a 
porcelain mortar and pestle to a size of less than 80 
mesh. Then, 1 0  mg of the resin was added to 100 
mg of  dried potassium bromide (KBr) and placed in 
a pellet press . A compressive force was applied to 
the pellet press, and a pellet containing the resin 
was obtained for IR scanning. The KBr pellet was 
placed into the sample beam of a Perkin Elmer 
Model 1 430 infrared spectrophotometer, and an IR 
spectrum obtained. 

Gas Chromatography. Gas chromatography is the 
technique by which a liquid sample is vaporized 
and separated into components by means of a GC 
column containing a mobile phase and a stationary 
phase. In the case of the EPICOR-11 resin samples, 
a 1 /8-in.-0.0. by 6-ft long GC column containing 
0.340/o tetranitrofluorenone as the mobile phase 
and Carbopack C as the stationary phase was cho
sen for the GC analysis. 

The aliquots chosen for GC analysis were the dis
tilled water soak and rinse solutions from the resin 
samples, and also the hydrochloric acid rinse solu
tions from the resin samples. All of the solutions 
from the resin samples were prepared for analysis 
using the Environmental Protection Agency 
Method 612  "Test for Chlorinated Hydrocarbons 
in Municipal and Industrial Waste Water" as fol
lows: 

1 .  A 100-mL aliquot of the sample solut ion 
was placed in a separatory funnel for sol-

20 

vent extraction. The solvent chosen for 
extraction was methylene chloride. Styrene 
and divinylbenzene are soluble in methyl
ene chloride and not in distilled water; 
therefore, any styrene or divinylbenzene in 
the aliquot will be extracted into the 
methylene chloride. 

2. 20 ml of methylene chloride were added 
to the separatory funnel. The funnel was 
inverted several times to allow for complete 
mixing. 

3 .  The aliquot/solvent mixture in the separa
tory funnel was allowed to stand until the 
phases separated. The methylene chloride 
phase was drawn off and placed in an 
Erlenmeyer flask .  

4.  The aliquot in the separatory funnel was 
extracted two more times with 20 ml of 
methylene chloride each time. 

5 .  The combined methylene chloride extracts 
in the Erlenmeyer flask were dried using 
sodium sulfate to remove any extraneous 
water. 

6. The dried methylene chloride extracts were 
evaporated by means of a Kuderna-Danish 
Concentrator to a total volume of 10 mL. 

The solution then was ready for GC analysis. 
Any soluble organic products (divinylbenzene or 
styrene) in the original sample would be concen
trated in the methylene chloride. The presence of 
any of those soluble products would indicate 
polymer breakdown and eventual release of 
radionuclides . 

Five microliters of the methylene chloride 
extracts were analyzed using a Perkin Elmer Sigma 
IB Flame Ionization Detector gas chromatograph. 
Five microliters of the standard divinylbenzene/ 
acetone solution and five microliters of the stand
ard styrene/methylene chloride (dichloromethane) 
solution also were analyzed for proper peak identi
fication and confirmation. The GC conditions 
were as follows: 

• Injection temperature = 250°C 

• Detector temperature = 300°C 



• 
<h"C"n temperature program - 1 2tFC for � 
min. th�n incf'C'a� to I 80°C at an !\ ( - min 
rat�. thm hold at I 80°C for 20 min. 

a.rium Chloride Pr.clpitalton for Determina
tion of Sulfonic Acid Groupa. h has been shown 

·thai tbe E PICOR-11  cation f'C'Sins arc sulfonic acid, 
di,·inylbaulme. st� type f'C'Sin' (Rder"C"nce 5). 
TM hiah intt"raal radiation do� rccci� by tho� 
resins rould cause loss of the functional poups 
(sulfonic acid) and rdeasc of the radionuclides tiN 
10 the lost functional groups. Th� loss of funct ional 
groups would ca� an iDcrease in tbe sulfate con
centration of the distil!N water soak and ri� 
solutions taken from the f'C'SJO samples of PF-8 and 
-lO strong acid cation resins. 

A 25 ml aliquot was f'C'mOYCd from each solu
tioa and transferred 10 a araduatN cylinder. 
EJIOU&b barium chloride was addN to tbe solution 
iD the &raduatcd cylinder to ensure an excess 
amount. TM contents of tbe cylinder were qitatcd 
and allowed to stand a minimum of three minutes. 
A ponion of the solution from the graduated cylin
der was transferred to a I -em (path length) polyeth-

2 1  

ylene sample cell and placed into a v is i ble 
spectrophotometer set at a wavelength of 420 nm . 
The absorption value of the 'olution wa\ obtainN 
and compared with absorption values of standard 
sulfate solutions .  Results of those tests are reported 
in the " Results and Interpretation" �ion of this 
r"C"pon . 

Scanning Electron Mlcroacopy. In order to deter
mine the ph� '��:al conditions of the resin samples 
from PF-8 and - :!0.  scanning electron microscope 
(SEM) photomicrographs were obtained of the f'C'S
ins at different mqnification levels. The photomi
croaraphs allowed examination of the resins for 
cracks, bead brcakqe, bead softeniJla, agglomera
tion, and so fonh. Most types of physical damage 
to the resins would not allow the release of 
radionuclides. 

The unirradiatN Epicor, Inc.  resins and irradiatN 
f'C'Sin samples from PF-8 and -20 were auachN to 
an SEM planchet by means of doublc-sidN sticky 
tape. The resins were sputtered with aold to make 
them conductive. SEM photomicrographs were 
obtainN of the resins. 



R ESULTS A ND INTERPRETATION 

Results of analysis of the unirradiated Epicor, 
Inc. resins and irradiated resin samples from 
EPICOR-11 prefilters PF-8 and -20 are given in this 
section. 

The unirradiated resins showed no apparent 
change from previous analyses (Reference 5) .  
Because of the age (2 years old) of the unirradiated 
resins they might be expected to show some degra
dation . The irradiated resins from PF-8 and -20 
also would be expected to show some degradation 
due to age (almost 4 years old).2, l l  The unirra
diated resins showed no degradation because of 
age; therefore, in this study, any degradation of the 
irradiated resins was assumed to be from radiation 
damage and not from age. 

Other causes of degradation could be handling/ 
mechanical damage and freezing. A review of the 
history of prefilters PF-8 and -20 indicates that the 
ion exchange media were not exposed to subfreez
ing temperatures. Also, handling was held to a min
imum, and, as a result, damage should have been 
minimal. 

A STM Tests 

Results of the following ASTM tests performed 
on unirradiated and irradiated resins are listed in 
Table 2:  (a) water retention capacity, (b) back-· 
washed and settled density, (c) salt splitting capac
ity, and (d) total exchange capacity. 

Presented in Table 3 are the differences between 
ASTM tests performed on unirradiated Epicor, 
I nc. strong acid cation resin, and PF-8# I and PF-20 
strong acid cation resins. The differences were cal
culated using the data shown in Table 2 and apply
ing the uncertainty values in the most conservative 
manner (i .e. , to show the least changes). The 
increases in water retention capacities shown in 
Table 3 for the irradiated resins indicate a loss in 
effective cross-linking. The amount of loss is 
dependent on radiation dose (Reference I I ); that 
is, the PF-8 sample received more radiation dose 
than the PF-20 sample and exhibits an increase in 
water retention capacity, or a loss in effective cross
linking. Table 3 also shows a decrease in the back
washed and settled density of the PF-8 and -20 

Table 2. Results of ASTM tests on irradiated and unirradiated ion exchange resins 

Resin Sample 

PF-8#1 Strong PF-20 Strong PF-8#2 Phenolic 
ASTM Test Parameter Acid Cation Acid Cation Cationa 

Water retention 53.61 ± 0.21 48 .93 ± 0.20 53.22 ± 0.21 
capacity (IIJo)  

Back washed and 0.75 ± 0.004 0.73 ± 0.004 0.60 ± 0.003 
settled density (g/mL) 

Salt splitting capacity 4.85 ± 0.080 4.89 ± 0.075 3.85 ± 0.080 
(meq/gb) 

Total exchange 5 .43 ± 0.05 5 .78 ± 0.060 6.73 ± 0.070 
capacity (meq/gb) 

a. Sample PF-8#2 was contaminated with 1 8 .511Jo strong acid cation resin. 

b .  Measured in milliequivalents per gram of dry resin. 
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Unirradiated Unirradiatcd 

Strong Phenolic 

Acid Cation Cation Resin 

48.40 ± 0. 1 9  52.06 ± 0.21 

0.84 ± 0.004 0.64 ± 0.003 

5.28 ± 0.080 3.09 ± 0.080 

5 .60 ± 0.060 6.78 ± 0.07 



Table 3. ���JNI"Imeter changft of Pf.8 and -20 strong acid cation resins versus &MWT-..-� EPtCOR. Inc. attong acid cation realn8 

________ R_e�m Sample _ . 

PF-83 1 PF-20 

4. 8 1 "'  increase 0. 1 4.,. increase 

0.09 J m l  decn-� 0. 1 1  Jlml decrease 

0.21 meqta decrease 0.25 meq/g dccrea� 

0.06 meq g decrease 0.06 meq/g increase 

a. Results reflect tM most con��ti� \�lues calculated from tM reported unttrta.inty values presented in 
lablc �-

samples. That alto is an iadic:alion of loss of dfec· 
ti� CJ'05_�-hnklna. which can lead to �tual loss of 
radiooucbdcs (R.efcrmcc S). Tbt deaasc in salt 
splittin& capKity of tM irradiated resins is an indi
cation of � of functional poups, sulfonic acid. 
aDd �""\:ompanying loss of �ionudides (Refer· 
C"OCC S). 1M tocal c:xcbanac capacity shows a sliabt 

dcoc:Rur for 1M PF-81 1 resin aDd a slight increase 
for tM PF-20 resin. The increase in the total 

ocb.an� capac1ty of PF-20 �� due to oxidation of 

tM pot;tmer chain bdore radiation damqc bqins 
to dqradc the resin . Futhmnore. tM biaher radia

tioo dolr to 1M PF-81 1 resin explains t he decrease 

in toW C���Ch&DF capacity as the radiation c:lamqe 

exceflla the contribution from oxidation. The 
decrease ill total exchange capacity may result ill a 
loss of radionuclides. 

lablc 4 shows 1M differences between ASTM 
test parameters for the PF-8 phenolic cation resin 
and the Epicor. Inc. unirradiated phenolic cation 
resin.  The differences bctWttn the PF-8 phenolic 
cation resin and the unirradiated phenolic cation 
resin are not as great as were obserwd in the strong 
acid cation resins. The PF-812 phenolic cation resin 
sample was contaminated wit.h about J 8 . S "'  PF-8 
st rong acid cation resin. The contamination could 
have contributed to the differencn in the test 

T.,._ 4. ASTM test piii'IIIIMt8r changea of Pf.8 phenolic cation resins versus unirradiated 

EPICOR. Inc. phenolic cation ,...,. 

ASTM Test Parameter chanae 

Water retention capacity o . � 4 o--e increase 

Backwa.\hed and settled density 0.04 g/ml decrease 

Salt splitting capacity 0.61 meq/g increase 

No chanae 

a. Result ' reflect rhc most conservatiYC values calculated from the reported uncertainty values presented in 

Table 2. 
--- - ·  --- ···· - --·----· · · - -·- - - · - ---
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results between the irradiated and unirradiated 
phenolic resins. The results (shown in Tables 2 and 
4) for the PF-8#2 phenolic cation resin, however, 
show a slight increase in water retention capacity 
and a decrease in backwashed and settled density, 
indicating a loss in effective cross-linking, which 
can lead to the eventual loss of radionuclides. The 
increase in salt splitting capacity indicates oxida
tion of the polymer; that is, formation of carbox
ylic acid groups, which would reduce the tendency 
to release radionuclides by increasing exchange 
capacity (Reference 5). There was no change in the 
total exchange capacity of the PF-8#2 phenolic cat
ion resin. 

Infrared Spectroscopy 

Shown in Figures 22 through 26 are the IR scans 
of the KBr pellets containing the resin samples PF-
20, PF-8# 1 ,  PF-8#2, and the unirradiated strong 
acid cation and phenolic resins from Epicor, Inc .  
The spectrum shown in  Figure 22 is  typical of  a 

sulfonic acid divinylbenzene styrene strong acid 
cation resin (Reference 5). Shown in Figure 23 is 
the IR spectrum of the unirradiated Epicor, Inc. 
phenolic cation resin, a typical IR scan for that type 
of resin (Reference 5). Figures 24 and 25 show 
spectra of the strong acid cation resins from PF-8# 1 
and PF-20. The IR spectrum shown in Figure 26 is 
from the phenolic cation resin sample PF-8#2. 

Figure 27 compares the spectrum from PF-8#1 
with that of the unirradiated strong acid cation 
resin. Figure 28 compares the spectrum of PF-20 
with that of the unirradiated strong acid cation 
resin. The spectra from PF-8#1 and PF-20 show 
that (a) the resins are the same as the strong acid 
cation resin received from Epicor, Inc. and (b) no 
significant changes in polymer structure are appar
ent in the irradiated resins from the two EPICOR-11 
prefilters . 

Figure 29 compares the PF-8#2 phenolic cation 
resin with the unirradiated Epicor, Inc. phenolic 
cation resin. The spectra show no differences, 

Figure 22. I R  spectrum of unirradiated Epicor, Inc. strong acid cation resin. 

; J ' 11' - +-·  

Figure 23. IR spectrum of unirradiated Epicor, Inc. phenolic cation resin. 
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Fiau� 24. I R  spectrum of EPIC'OR-I I ttrona acid cation rain sample PF-81 1 .  
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Figure 25. IR 5p«trum of EPICOR-1 1  strong acid cation resin sample PF-20. 
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Figure 27. Comparison of the IR spectrum from unirradiated Epicor, Inc. strong acid cation resin (top spectrum) with 
that of sample PF-8# 1 strong acid cation resin (bottom spectrum). 
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Figure 28. Comparison of the I R  spectrum from unirradiated Epicor, Inc. strong acid cation resin (top spectrum) with 
that of sample PF-20 strong acid cation resin (bottom spectrum). 
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Figure 29. Comparison of the IR spectrum from unirradiated Epicor, Inc. phenolic cation resin (top spectrum) with 
that of sample PF-8#2 phenolic cation resin (bottom spectrum). 
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which indi\."atts (a) t� pht"nolic rain from PF-81Z 
and tk phenolic rain from Epiror, Inc. art' tM 
sam� and (b) no sipiftcant chantn in polymer 
Slflk."1Urt' �� "'-""'"u rrt'd in t� irradiated resins 
from t� EPICOR- 1 1  prefiltns. 

Gas Chromatography 

S�u in Fiaum 30 and 3 1  an t he chromato
pams or SlaDdard amounts of styttnc and divinyl
�nzenc . Those cbromatoarams are used as 
retentioa time staDdards (i.e. , the time: it takes to 
dute a cbanical from a GC column) for �·ompari
!>Oft •itb ocher cbromatopanu. Fiaura :l �  throuah 
J � an cbromatopam� of tM various distilled water 
� and rinse solutions from strolll acid cation 
raiD )Maples PF-.20 and PF-81 1 ,  and from pheno
lic cation resin sample PF-812. 

Comparins chromatosrams of Figures 32 , H. 
and J.t •·itb Fisum 30 and 3 1  sh�·s n o  soluble 
orpruc products such as divinylbenzenc or styttne 
an present in t� soak and rinse solutions taken 
from tM PF-8 and -.20 strons acid cation resin 

Ympks .  

Comparina the cbromatopam of F'll\lrt' 3S with 
the chromalopams of Fiaures 30 and 3 I shows no 

0.51 

soluble oraanic products such a\ divinylbenzene or 
styrt'ne art' p�nt in t h� soak solution taken from 
the PF-812 phenolic cation resin. The phenolic cat· 
ion resin contains no styrene and, thert'fort', should 
sho"' no styrene. 

Barium Chloride Precipitation for 
Determination of Sulfonic Acid 
Groups 

Result� of t� barium chloride precipitation tests 
art' 'hown in Table � - The results show large sulfate 
concentrations in the PF-81 I and PF-20 cation 
min distilled water soak and rinse solutions. Those 
large concentrations indicate a loss of functional 
aroups, with subsequent loss or radionuclides 
attached to those groups. The bond energies of the 
carbon-sulfur bonds art' lower than energies or the 
carbon-arbon bonds within the polymer (66 kcal/ 
mol versus 8S ltcal/mol). I 2 High energy radiation, 
such as that received by the EPICOR-11 resins, 
would damage the weaker bonds of the resin flfSI. 
This can be seen by tM high sulfate concentrations 
and t� low pH values ( < 3) of the distilled water 
soak and rinse solutions from the strong acid cat· 
ion resin samples. 

Relative Retention Time 
(min) Compound 

0.51 Dlchloromethane 

19.13  Styrene 

19 .13 

'---------_____..-j�-
hJUR )0. C1uomatopam of I ml of styrmc in 100 ml or dichloromdhanc . . 
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2.27 

0.41 

14.09 

Relative Retention Time 
(min) Compound 

2.27 Acetone 

14.09 Oivinylbenzene 

4 0360 

Figure 3 1 .  Chromatogram of I mL of divinylbenzene in I 00 mL of acetone. 

Relative Retention Time 
(min) 

0.41 

14.09 

1 9. 1 3  

Compound 

Olchloromethane 

Oivinylbenzene-- N O  

Styrene-- N O  

N O  = below detection l imit  of 5 mg/L . 

Figure 32. Chromatogram of distilled water 24-h soak solution from PF-8# I strong acid cation resin sample. 
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0.39 

Relative Retention Time 
(min) 

0.39 

14.09 

1 9.13 

Compound 

Olchloromethane 

Olvlnylbenzene- - N O  

Styrene- - N O  

N O  = below detection limit o f  5 mg/L . 

• 0312 

Fiaurc H. Cbromatoaram or distilled water rinse solution rrom Pf·81 1 strona acid cation rain sample. 

0.41 

Relative Retention Time 
(min) 

0.41 

1 4.09 

19.13 

Compound 

Olchloromethane 

Olvlnylbenzene- - NO 

Styrene - - N O  

N O  = below detection l imit  of 5 mg/L . 

Fiaurc )4. Cbroma&olfam or 24-h d .. u llcd water IOak IOiulion rro� PF-20 .arona ll(ld cation rr\111 \Bmplt. 
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0.69 

Relative Retention Time 
(min) 

0.69 

14 .09 

1 9. 1 3  

Compound 

Oichloromethane 

Oivinylbenzene- - N O  

Styrene-- N O  

N O  = below detection l i m i t  o f  5 mg/L . 

4 0361 

Figure 35. Chromatogram of 24-h distilled water soak solution from PF-8#2 phenolic cation resin sample. 

Table 5. Results of barium chloride precipitation tests for determining sulfonic acid groups 

Sample Solution 

DI water'l 

PF-8# 1 DI water, 24-h soak 

PF-8# 1 DI water, first rinse 

PF-8# 1 DI water, second rinse 

PF-20 DI water, 24-h soak 

Unirradiated Epicor, I nc.  strong acid 
cation resin 24-h soak 

a. DI = distilled. 

b. ND = none determined. 

30 

Sulfate 
Concentration 

(mg/L) 

1 750 

2000 

60 

434 

ND 

2.4 

2.3 

2.9 

2.8 

4.5 



TM ph�nol ... : rnins contain no sulfonic acid 
aroups; th��rore, t� dist ill� water soak and rinse 
sampln '"� no sulfat� C Rcferelk.� S). 

Scanning Electron Microscopy 

� SE\t photomic:ropaplu iD Figurn 36 and 37 
� the umrradiat� suona add cation resin from 
Epicof. Inc. Faaures 38 and 39 � photomicro
paphs of strona acid cation resin from PF-20. F"11· 
llre5 -10 and .. .  � pholomicropaph' or <otrona acid 
wt ion resin from PF-81 1  . 

Comparina Fipres 36 and 37 �ith photomicro
papbs or PF-20 (fiaures 38 and 39) shows linle or 
DO diff�� bet�ttn the unirradiated and irradi
ated resms and. thcrefo�. DO damqe to the PF-20 
resm ( 1 .�  . •  no crackina. t>reakina. etc.). Comparina 
f''l\lfeS 36 and 37 with pbotoaUaopaptls of PF-81 1 
SIJOal llcid cation resin (F"apua 40 and ,. I )  shows 
coa:sidcrabk damqe to the PF-81 1 resin. � pho
tolllicropaphs in Fiaures 40 and 4 1  show rain bead 
ctuna,.. that is IDOf'e extensive and of a different 
rr.:ture type than what had hem obsaved by BC 1 

in resins from EPICOR- 1 1  prefilten PF-3 and 
· 16. 1 3, 1 4 It is believed that the differenc� were 
caused by the hiaher radiation dose received by th� 
PF-81 1 strong acid cation resin . That type of 
damag�. however, should not lead to rele&K or 
radionuclides. 

The photomicrographs in Figures 42 and 43 
show the unirradiated Epicor, Inc .  phenolic cation 
min. Comparina the PF-81t::! phenolic cation resin 
in Fiaures 44, 45 ,  and 46 with the un irradiated 
phenolic cation resin in Figures 4:! and 43 indicates 
som� damage to the irradiated resin.  The particles 
in the photomicrographs of the unirradiated 
phenolic cation resin are smooth,  and any breaks or 
c:ncks in th� particles are uniform. On the other 
hand, Je\·eral particles in the phenolic cation resin 
sample from PF-8#:! are raged, sponge-like, and 
porous . �ral nonuniform cracks have appeared 
in the PF-812 resin particles. The spheres that 
appear in Fiaure 44 are the contamination from the 
PF-81 I strona acid cation resin sample that was 
intermixed with PF-812 phenolic cation resin dur· 
ina coring operations. As stated previously, the 
type of physical damaae observed should not cause 
release of radionuclides. 

......,._,; h r n r-d•" at-" I 01(111 Inc \l rOOII acid .:ation re�in at so maanification . 
hlure }6. Sl \t .,....,_,._croan�p o u • •• � • . . 
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Figure 37. SEM photomicrograph of unirradiated Epicor, Inc. strong acid cation resin at 100 magnification. 

Figure 38. SEM photomicrograph of EPICOR-11  strong acid cation resin sample PF-20. 
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rll'lft J9. SEM photomJCtOifaPh or E PIC"OR· I I Itrona acid calion min sample PF-20 showin11 a closeup or one resin 

bc8d al 1 20  mqntftealion. 

PF -81 1  

._1� \t pholomu--•anh or I J•KOR- 1 1  ��rona acid calion min 'ample PF-111 I .11  1 3  mqnificalion. Fiaurc: 40. �· -.. •· 
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Figure 4 1 .  SEM photomicrograph of EPICOR-11 strong acid cation resin Sample PF-8#1 showing a closeup of one resin 
bead at 1 50 magnification. 

Figure 42. SEM photomicrograph of unirradiated Epicor, Inc. phenolic cation resin at 50 magnification. 
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F11un 43. SEM pbocomicropapb of unirradialed E.picor, Inc. phenolic calion resin showina a closeup of one resin 
partic:k a1 � mqniftcauon. 

F�pn 44. SEM pholomu:qraph of EPICOR- 1 1  phenolil: �:auon rt'\in 'ample PF-812 al IJ  maanificalion . 
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Figure 45. SEM photomicrograph of EPICOR-11 phenolic cation resin sample PF-8#2, showing a closeup of one resin 
particle at 80 magnification. 

5 6285 

Figure 46. SEM photomicrograph of EPICOR-11  phenolic cation resin sample PF-8#2, showing a closeup of one resin 
particle at 1000 magnification . 
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Summary of Results 

Rnuh�o fnm1 t� various analytkal test\ per
formed on E PICOR- 1 1  'trona .,�·id �at ion �in 

"'"Pk' PF 1\• 1 and P F- �0 and phenolic cation 

�in sample PI· - H # .:!  arc \ummarized in lable 6. 
Values in t he table arc exprcs .. cd in terms of changes 

in results obtained from tests on t he irradiated 
l· PICOR- 1 1  rcsim ver<;us the unirradiated Epicor, 
Inc resins. 

table I. Summary of reauhs from analysis of EPICOR-11 irradiated resin samples PF-8N1 .  
PF-20. and PF-81� 

• WAin mmnon capecil)' 

• a.ct-"ed and trttled ....., 
• Salt � c:apeoty 
• 1blal edlulr capeaty 

PHil I 
SuonJ o\o:MI Calion 

No appareol chanJn in 
AniCIU� 

Rnm Sampl� 

Pf �o 
Sarona �ad Calion 

''' IO!uble produ,·•� 
d�ennanC"d 

------------------ · -·· ------ ·· · 

..C I 2  precipilatioa for clctennana· 
tJOD of wlforuc llad poup1 

SulfoNe add lfOUP' are 
bana loll 

-·····-- -··· ···-- --------

-··- - - · · ---------

Noduna unu\ual 
obwrYed 

t..�, � of "'"' durina 
elution obtatr� 

Sulfonic acid aroups are 
bcina 1011 

No damqc note-d 

''''hint unusual 

� 

------ -----

Lad. of OIJ'O durana 
elulion obwr� 

PF-812 
l'hmohc Calion 

I�KnaK 

Dccreue 
locrcue 
No chanae 

:-.;,, ap�l chanan in 
structu� 

No IO!uble products 
ddenninC"d 

This min contains no 
sulfonic acid aroups 

Damaa� � on a  
r� panicles 

Contanunation .. uh 
Pf-81 I min obKr� 

Nothana unusual 
ob�r� 

... ,. · �ua obtcr� for arradialcd f:.PKOR·II  mana \'COU' uninadia1rJ Epicor. Inc. mins. 
a. Rftull.t are up•cd .  un•CfftKllit In 

. ... ------
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DISCUSSION 

Several important studies of ion exchange resins 
have been conducted, including research by 
Brookhaven National Laboratory 

(BNL)2 , 1 1 , 1 5 , 1 6  and BCL. 1 3 , 1 4 . The BNL 

research included radiation effects on ion exchange 
resins. The BCL work covered characterization of 
EPICOR-11 prefilters PF-3 and - 16. This section 
compares those results with results of the study of 
PF-8 and -20 resins at INEL. 

Brookhaven National Laboratory 
Research 

The study conducted at BNL (Reference 1 1 ) was 
directed at compiling information concerning dam
age to synthetic organic ion exchange resins by radi
ation. The following material contains excerpts 
from that study applicable to the research done at 
INEL: 

• Most cation resins show significant degra
dation only after they have received a [radi
ation] dose greater than 108 rad. 

• The primary effects of radiation on ion 
exchange resins are degradation [by loss of 
effective cross-linking] of the macromolec
ular structure, along with scission of ion 
exchange functional groups. 

• The exchange capacity of ion exchange res
ins, in general, decreases with increasing 
radiation dose. 

• In cation ion exchangers, initially there is 
an increase in functional groups capable of 
exchange, as a result of radiation in the 
presence of air or moisture. Those are 
phenolic and carboxyl groups produced as 
a result of oxidation. 

• The initial increase in exchange sites tends 
to increase the total exchange capacity 
(TEC) of the resin. However, the accompa
nying scission of existing exchange groups 
often results in a net decrease in TEC 
values. 

• In general, the salt forms of ion exchange 
resins are more resistant to radiation than 
the H + or OH- forms. 
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• Prolonged exposure of ion exchange resins 
to radiation in flowing (dynamic) systems 
causes more drastic changes in their physi
cal and chemical properties than ion 
exchange resins i rradiated to static 
systems. 

• Radiation [caused] chemical changes in 
ion exchange resins are a direct function of 
the total [radiation] dose absorbed by the 
resin . 

The EG&G Idaho research at INEL on prefilters 
PF-8 and -20 has shown that the above generaliza
tions are applicable to the EPICOR-11 resins. How
ever, it must be pointed out that the above 
generalizations might not apply in every case (i .e.,  
resins having different s tructures than the 
EPICOR-II  resins may not exhibit the same 
properties). 

Additional work conducted by BNL on irradia
tion of ion exchangers was reported in References 
1 5 ,  and 1 6. That research was concerned with gas 
generation, agglomeration, and pH changes within 
the resin environment as a result of degradation 
caused by external radiat ion.  The BNL 
work 1 1  • 1 5  • 1 6  notes that soak and rinse water from 
irradiated resins showed low pH. References 15  and 
16  report agglomeration of various organic resins 
at external radiation doses greater than to9 rad, 
although EPICOR D-mix resin showed no agglom
eration even at to9 rad. 

Battelle Columbus Laboratories 
Research 

The BCL research was conducted on EPICOR-II 
prefilters PF-3 and - 16  (References 13 and 14). The 
investigation of PF- 1 6  showed little or no degrada
tion of resins. The research on PF-3 was a more in
depth study of the EPICOR-II liners and their 
contents. The resin was sampled, and visual obser
vations were made, including scanning electron 
microscopy. The following material contains 
excerpts from Reference 13 concerning observa
tions from the characterization of PF-3 : 

• Degradation of the ion exchange media 
because of radiation appeared to be mini
mal, if any. The only evidence of cracking 



and frqmcntation of the media particles 
Wil' found, not in the tOp I"CiiOn Of the 
resi n  bed whe� most of t he aamma
cmittina radionuclidcs were deposited, but 
in t he bottom of t he min bed. In the bot
tom rcaion, the resin particles showed sig
nifiCantly more .:rackina. spalling. and 
frqmt'ntina than in PF- 1 6. This would 
i ndi"-ate damage had occurred from the 
loadina of min into the prefilter. 

• TM pH determinations showed that the 
ion exchanac media was acidic in nature, 
with the pH dccrcasina from the top to the 
bottom of the min bed. 

• TM top rqion of the resin bed was very 
effccti�c in rcmovina both cesium and 
strontium from the contaminated water ;  
plutonium and uranium, however, were 
uniformly distributed t h roughout the 
resin. 

Idaho National Engineering 
laboratory Research 

The study at INEL of resins from EPICOR-11  
�filters PF-8 and -20 and unirradiated Epicor, 
Inc. resins has shown that dqradation caused by 
radiation of the strong acid cation and phenolic 
cation resins has occurred, as predicted by other 

researchers. The rc'>earch done at INEL was con

c:emcd with chemical and physical measurement of 

degradation ot organic ion cxchancers. That study, 

howc'vcr, has shown t hat the pH of soak and rinse 

water from EPICOR-11 resins is low (3.0). as also 

w;u noted in References I I , I S ,  and 16.  Aglomcr

ation or the strona acid cation and phenolic cation 

rains w;u not S«n, as such, during the l NEL 

\tudy, althouah a restriction to flow was observed 

durin& initial in<olumn elution of t he PF-81 1 and 

PF-20 strona acid cation samples. References 1 5  
and 1 6  reported aglomcration of various orgamc 

rains at external radiation doses greater than 1 09 
_.... while the PF-8 and Pf--20 strona acid cation 
.... . . o7 d \ampln experienced doses shchtly over I ra · 

Rdermce 1 6  reported no agglomeration ol the 

I: PICOR D-mix rain , even at 1 09 rad . The l NEL 
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'tudy was not directed at gas generation; therefore, 
no comparison wit h that parameter i' made. 

Based on the INEI study and research at BNL 
and BCL ,  the following mechanisms of degrada
t ion arc t hought to be occurring with in  the 
EPICOR- 1 1  strong acid cation resins: 

• The resins arc losing effective cross-linking 
(w hich could lead to eventual release of 
radionuclides if degradation progressed to 
the total failure of the polymer structure), 
as shown by their increase in water reten
t ion capacity, decrease in salt splitting 
capacity, and decrease in backwashcd and 
settled density. 

• The resins arc losing functional groups 
(with accompanying loss of radionu
clides), as indicated by their increase in sul
fate concentrations in the distilled water 
soak and rinse solutions and loss in salt 
splitting capacity. 

• The resins from PF-20 are showing an ini
tial increase in total exchange capacity as a 
result of oxidation of the polymer chain.  
T he resins from PF-8 are showing a 
decrease in total exchange capaci t y  
because o f  increasing radiation dose. This 
decrease will lead to an eventual release of 
radionuclides. 

Based on the lNEL study and research at BNL 
and BCL ,  the following mechanisms of degrada
t ion arc thought to be occurring within the 
EPICOR-1 1  phenolic cation resins: 

• Lo\s of effective cross-linking (which 
could lead to eventual release of radionu
clides), as  shown by the increase in water 
retention capacity and decrease in back
washod and settled density 

• Oxidat ion of the polymer chain (which 
would reduce the tendency to release radio
nuclides ) .  as indicated by the increased salt 
'plitt ing capacity. 



CONCLUSIONS 

Results found thus far at INEL in the study of 
degradation of EPICOR-11 organic ion exchange 
resins correlate with findings of other researchers. 
Degradation has been identified in the EPICOR-11 
resins at a lower total integrated radiation dose than 
observed previously ( 10 7 rad versus 1 o8 rad). 2 

Research on degradation of ion exchange resins 
has been done on externally irradiated ion exchang
ers (References 2, 1 1 ,  1 5 ,  and 16). Those studies 
show that degradation caused by internal radiation 
doses will be more severe than degradation caused 
by external irradiation, because of introduction of 
the radiation into the polymer structure. The inter
nal dose received by the organic ion exchange resins 
in EPICOR-11 prefilters PF-8 and -20 was sufficient 
to initiate degradation. The degradation at the time 
of this analysis was measurable. The equilibrium of 
the polymer structure had been shifted towards 
polymer breakdown; and the polymer breakdown 
will progress (Reference 1 1 ). Any increases in deg
radation will be seen in the second or third corings 
of the EPICOR-11 prefilter ion exchange resins, 
which are planned over the next four years. 

One important indicator of the capability of ion 
exchange media to retain radionuclides is the total 
exchange capacity. The three samples examined in 
the INEL study exhibited different reactions to 
radiation. Sample PF-8# 1 ,  the strong acid cation 
with the highest radiation dose, showed reduced 
total exchange capacity. PF-20, the strong acid cat
ion with the lowest radiation dose , showed 
increased total exchange capacity. Sample PF-8#2, 
the phenolic cation with a similar low dose, showed 
no change. The resin sample PF-8# 1 had reached a 
radiation dose high enough to cause the exchange 
capacity to decrease, while the PF-20 sample 
reached a lower dose, where exchange capacity 
increased. Based on the results of this research, the 
PF-8#2 phenolic cation resin had not reached the 
threshold of degradation. The above differences 
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agree with findings of Reference I I .  It would be 
expected that the phenolic resin would be more 
radiation resistant than the styrene divinylbenzene 
resin (Reference 1 1 ). 

The mechanisms of degradation discussed in this 
study indicate a reduction in resin ion exchange 
capacity in the upper locations of the prefilters, 
which were subjected to high radiation doses. That 
reduction will result in the release of radionuclides. 
The radionuclide release was seen as the loss of sul
fonic acid groups in PF-8# 1 and PF-20 resin sam
ples. The release of radionuclides from the resins 
would allow migration of the radionuclides within 
the EPICOR-11 prefilters, and the sulfonic acid 
groups would lower the pH of the liquid in the pre
filters. The low pH liquid should be neutralized by 
the remaining unused ion exchange material in the 
prefilters. That is supported by the measurement of 
residual water pH from the 50 prefilters which were 
stored at INEL (46 of those prefilters have been 
disposed at the commercial disposal facility near 
Hanford, WA). The pH measurements of residual 
water obtained more than three years after the pre
filters were used were in the range of about 5 to 8. 
Those pH readings indicate that the acidic solution 
is being neutralized as it passes through the anion 
and mixed bed resins in the lower regions of the 
prefilters. 

In order to further relate degradation to total 
radiation dose and determine if the degradation 
rate is exponential or linear, a minimum of two 
more examinations are required for PF-8 and -20 
resins. Those future corings and analyses will assist 
in determining the rate at which organic ion 
exchangers are degraded by internal radiation 
under conditions representative of actual use and 
storage. Relating degradation of the resins to total 
integrated radiation dose will aid in identifying the 
effects of degradation on release of radionuclides 
from the ion exchange media. 
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