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ABSTRACT

A review of the results of recent experiments on the effects of radiation
on fon exchange media is presented. The results described include pH changes,
gas generation, agglomeration of organic ion exchange resins and corrosion of
mild steel 1n contact with ion exchange media.
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. REVIEW OF RECENT STUDIES OF THE
RADIATION INDUCED BEHAVIOR OF ION EXCHANGE MEDIA

1. INTRODUCTION

Ion exchange materials are conventionally used to decontaminate water con-
taining radionuclides. However, in Ehe presence of fonizing radiation at high
total absorbed dose (in excess of 10° rad), these organic fon exchange resins
are known to undergo radiation damage. The previous work and some {ssues of the
concerns for the short term storage of organic fon exchange resins containing
high loadings of radionuclides based upon earlier 1iterature were discussed in
“Status Report on the Leachability, Structural Integrity, and Radiation
Stability of 9rganic Ion Exchange Resins Solidified in Cement and Cement With
Additives." It was concluded in this report that the fundamental processes
causing resin degradation are not understood and that the extent of radiation
damage is specific to resin type.

Detailed information regarding radiation damage to ion exchange media per-
tinent to the conditions expected during the storage of {on exchange media waste
generated in the auxiliary building (AFHB) cleanup activities at TMI-I1 is un-
available. Consequently, several scoping studies have been performed to esti-
mate the magnitude of these problems. This work was conduftsd
R. C. Mc Farland at Georgia Institute>o§ Technology (GIT), K.K.S. Piiiay at
Pennsylvania State University (PSu)i3 and by the Division of Nuclear Waste
Management at Brookhaven National Laboratory (BNL). Much of this work was per-
formed using material typical of ion exchange media used in the nuclear industry
since the identity of the actual ion exchange materials used in the EPICOR-1I
demineralizing system is not available at this time due to the vendor's concern
over its proprietary nature. In the studies reviewed here, the investigators
used external irradiation to simulate the radiation dose that is received by ion
exchange media internally loaded with radionuclides. Differences in the radia-
tion damage to ion exchange media htvs been observed in some cases for external
as opposed to internal {frradiation. While external irradiation simulates
the most significant radiation effects, external irradiation does not simulate

. the actual radiation processes that occcur with internal loading. This report
is a review of the results of these scoping studies. We have arranged the body
of the report, sections 2, 3, and 4, by the laboratory performing the work,
rather than by the category of experiments even though similar or related ex-
periments have been performed by more than one institution. The summary of re-
sults, section 5, groups the data by categories of experiments.

Figure 1.1 shows several estimated cumulative_absorbed dose curves for
Epicor-11 ion exchange media as used in the TMI=-1I AFHB cleanup versus time.
The bases of this figure are the results of the dose rate calculations outlined
in the appendix of :this report. These calculations assume that a total of 1300
curies of activity are uniformly distributed throughout the entire fon exchange
bed volume (case a), one-half the bed volume (case b), and one-fourth the bed
volume (case c). Within the considered volume, all of the beta particle energy
is assumed to be deposited, while tissue equivalency is assumed for gamma ray



attenuation. If the more conservative approach of total gamma ray absorption
was assumed, the total cumulative absorbed dose would increase by approximately
a factor of two in comparison with the results given in Figure 1.1. Also, re-
gions of high localized activity would result in a substantial increase in the
cumulative dose delivered to these regions. The figure is included to allow the
reader to make qualitative comparisons of delivered dose in the experimental

work to a time frame.
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Figure 1.1 Estim&ted cumulative dose to Epicor-11 ion exchange media waste as
generated in the TMI-II AFHB cleanup vs time based on calculations

of Appendix A. :
a- 40 Ci+ft-3; b- 80 Ci-ft-3; c- 160 Ci-ft-3.
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2. EXPERIMENTS PERFORMED AT GIT

The purpose of the experiments performed at GIT was to “determine the pres-
sure bu11dup and gas composition as a function of gamma dose in burial canis-
ters” of 1?n exchange media planned to be used in the TMI-1I reactor building
cleanup. (2) This task was divided into two separate sets of experiments:
pressurization and gas content. It should be noted that for the data in these
experiments, experimental errors were not given, and these experiments were not
orginally planned in connection with the TMI-11 AFHB cleanup.

2.1 Pressurization Experiments

The pressurization experiments were conducted on a cation fon exchange res-
in, an anfon fon exchange resin, and activated charcoal {rradiated in separate
stainless steel capsules. The cation resin used was Dow HRC-S, and the anion
resin used was Dow SBR-ON. These resins were converted to the sodium and borate
forms respectively using a sodium borate solution (concentration and volume un-
specified). The activated charcoal was also treated with the sodium borate so-
lution. After this pretreatment, the samples were dewatered by pulling air
through the column for two minutes. ge samples were then placed in the irradi-
ation capsules. A maximum of 66.79 cm® of sample was p1a§ed in each capsule.
This gave a void volume above the resin of about 10.33 cmd (13.4%).

The capsules were then jrradiated using a 60co gamma-ray source having a
flux of approximate1§ 5 x 105 rad/hr. The maximum cumulative doses were ap-
proximately 2.5 x 10° rad for the cation resin, 8 x 108 rad for the anion
resin, and 5 x 109 rad for the activated charcoal. During the frradiation,
:grogoo1ing was supplied to maintain the sample temperature between 30 °C to

In a1l cases,  an apparent threshold for the onset of pressurization could
be observed. Threshold values are given in Table 2.1. Both the cation and
anion resins showed a linear increase in pressure with increasing dose above the
threshold dose. The slope of this dose dependence was 0.083 psi/M rad for the
cation resin (maximum dose of approximately 3 x 10° rad) gnd 0.27 psi/M rad
for the anion resin (maximum dose of approximately 8 x 10° rad). The acti-
vated charcoal showed a rather different dose dependence. Above the threshold
dose, Bhe pressure rose rather rapidly to a maximum of about 5 psi at
1 x 107 rad. Above 1 x 109 rads, the pressure remained slightly below this
peak value.



‘Table 2.1

Threshold Doses Observed Dur n§
GIT Pressurization Experiments 3

Materfal  Cumulative Dose

(rad)

Dow HRC-S 8 x107
Dow SBR-ON. 4.7 x 107
1.6 x 108 |

Activated charcoal

i

1
|

2.2 Gas Content Egperinents

The composition of radiolytically generated gas as a function of dose was
determined for the Dow HRC-S and the Dow SBR-ON resin.. The resins were again
pretreated with sodium borate. The samples were loaded into stainless steel
capsules with a total volume of 18.9 cc. _A single sample was run at each dose.
(The dose rate was approximately 4.8 x 106 rad/hr.) After {rradiation, the
sample tubes were attached to an evacuated volume which contained a2 septum
through which samples were withdrawn for gas chromatographic analysis.

A total of five gases were identified as cation resin degradation products:
hydrogen, methane, ethane, propane, and butane. For the anion resin, hydrogen,
methane, ethane, and propane were observed. In addition, traces of an un-
identified hydrocarbon gas were detected in the high dose anion capsule. It was
speculated by Mc Farland that this gas was a branched chain and/or unsaturated
compound. Significant amounts of amines were not detected in either the cation
or anion resin experiments. 5

. E} . :

The production of hydrogen, methane, ethane, propane, and butane (cation
resin) was plotted versus total gamma dose. For Hz and CHgq, the production
with dose appeared to be roughly linear for both cation and anion resins. While
for the other gases, the dependence was more complex. : The maximum volumes of
gas generated per gram of resin estimated from Figures 10 through 14 of refer-
ence 2 are given in Table 2.2. v 1 ,



- Table 2.2 ?

Maximum Gas Production Observed D?hjng
Gas Generation Experiments at GIT 2

Gas Resind Amount of Gas Dose (rad)
Hp:  cation 2.0 x 1071 3 x 109
- anion 2.2x10°! 5« ‘108
CHy  cation 2.1 x 102 3 x109
" anfon 7.4 x 10-2 8 x3108
' CpHg cation 2.8 x 103  3.x10°
j anion 1.3 x 10-3 8;x3108
CgHg  cation 6.4 x 10-5 1 x 109
anion 3.8 x10"5 8 x108
C4H10 cation 1.5 x 10-5 1x 109

aC'ationres'ln Dow HRC-S and anion
resin Dow SBR-ON.

2.3 Agg]omerat1on : | S ﬂ |

A]though exper1ments were not’ spec1f1ca11y designed to: provide any 1nforma- -

: _4t1on on agg1omerat1on the fo1lowing observations were: reported

e In the h1gh dose samp1es a 11qu1d phase formed The liquid
phase had a volume approach1ng 50% of the orig1na1 resin samp1e.

® Trapped gases in this } ?uid phase caused it to froth when the
_ pressure was released. v |






3. EXPERIMENTS PERFORMED AT PSU

The objective of the experiments performed at PSU was to initiate a prelim-
inary scoping study aimed primarily at demonstrating speculated radiation in-
duced behavior of fon exchange media and mild steel in contact with these media.
In this regard, four areas were selected for this investigation: pH changes as
a result of irradiation, agglomeration of ion exchangers, generation of gas from
the radiolysis of an fnorganic fon exchanger, and the cbrros1on of mild carbon
steel in contacted with ion exchangers in a radiation field.

3.1 pH Changes

It is generally recognized(5) that the radiation effects on ion exchange
resins, as well as radiolysis of water within the resin matrix, produce a vari-
ety of products that significantly change the pH of the overall matrix. It was
speculated that mixtures of cation exchangers in the hydrogen (H*) form in
combination with the ammonium (NH4*) form might produce| a buffering action,
due to the possible availability of NH3z gas from the NH4+ form of the
resin. The cation exchanger Amberlite IR-120 in the H*(form was used as the
primary material. ' A large batch of the NHz* form of thps resin was prepared
by mixing a quantity of Amberlite IR-120 with NHs0H. Layered combinations of
these two forms of the cation exchanger with stratification ratios ranging from
1:10 to 1:1 to 10:1 by weight were used to examine this potential buffering
action. i S ,

The inftial pH and moisture content of the unirradiated resins are given in
Table 3.1. Table 3.2 gives the column loading patterns used in the buffering
experiment specimens. Specimen containers were made of quartz. All specimens
were irradiated to a total absorbed doge of 7 x 107 rad in the gamma flux of a
60co source (at approximately 1.2 x 10° R/hr). After irradiation, columns
were sectioned into approximately 2 gm samples. A 10 mL volume of deionized
water was added to each sample, and the pH of the supernate was measured. The
values of the pH are given in Table 3.3. A significant lowering of the pH was
observed in all cases. For samples 25 and 27, a slight,variation of pH along
the height of column was seen. v

The results of some additional pH measurements of jrradiated ion exchange
media are presented in Table 3.4. These specimen were gamma-irradiated to a
total dose of 4.4 x 108 rad. Specimen containers for these experiments were
made of aluminum. Since aluminum is reactive in either acid or alkaline envi-
ronments, the observed pH values do not represent an accurate measure of the
irradiated specimens acidity or alkalinity. !

‘ y



Table 3.1

Moisture Content and Initial pH ?f
Resins Used in PSU pH Study(3

Resin (form) Moisture pHa
Content (%)

Amberlite IR-120 (H*)D 39.7 3.4

Amberlite IR-120 (NHa*) 39.4 8.5

Amberlite IRA-400 (Ci=)d  42.0 4.6

Zeolite (IONSIV-1E-95) 0.0 8.0

2The pH was measured {n the supernate of

& mixture of 2 g of resin and 10 m_L of
- dejonized water (pH 6.8). '
bAs received from vendor.

Table 3.2

Loadt ng‘E Patterns of Cation Exéhan'ge C?-]dms éfor Bdffer‘i ng

Action Experiments

H* Form

Sample No. NHg* Form
21 20 gms (bottom) 2 gms (top)
22 20 gms (bottom) 2 gms (top)
23 2 gms (top) 20 gms (bottom)
24 2 gms (top) 20 gmws (bottom)
25 10 gms (bottom) 10 gus (top)
27 10 gms (top) 10 gms (bottom)




Table_3.3

i
1
i

|

pH values of Solutions Formed From Irradiated Resins(3)
Section Sample No..
21 22 23 24 25 27
Top
1 1.6 1.6 2.2 - 2.1 2.1 1.5
2 1.6 1.6 2.1 2.1 2.0 1.5
3 1.5 1.5 2.1 2.1 1.9 1.5
4 1.5 1.5 2.2 2.1 1.8 1.6
5 1.5 1.5 2.2 2.2 1.7 1.6
6 1.5 1.5 2.3 2.3 1.6 1.7
7 @ema 1»5 203 203 106 108
8 1.5 1.5 2.3 2.3 1.6 1.9
9 1.5 1.5 2.4 2.4 1.5 2.0
10 1.5 i.6 2.3 2.5 1.5 2.1
Bottom

&The pH was measured in the supernatant of a mixtu
resin and 10 m. of deionized water (pH 6.8).

re of 2 g of

Table 3.4

pH Yalues of Solutions Formed F{gT
Irradiation Ion Exchange Media!

lon Exchange pya'
Amberifte IR-120P 3.5
Amberl{te IRA-400D 4.6
IONSIV-1E-95€ 9.0

IONSIV-1E-95 + ;
4.0

Amberlite-IR-120 +
Amberlite IRA-440d

#The pH was measured in the supernate
of a mixture of 2 g fon exchanger and
10 m. of defonized water (pH = 6. 8)

DAs received from vendor.

Cprip-dry.
dg qual weights.




3.2 Agg‘lomerat'ionE

i
1

("\ Several colums containing single exchanger or layered beds of
IONSIV-1E-95, Amberlite IR-120, and Amberlite IRA-400 were prepared in 2 cm diam
x 20 cm long aluminium tubes. These ion exchange columns were then attached to
a flow measurement system, and the flow rate of defonized water through the beds
was measured. After allowing the excess water to drain out, the columns were
capped with end fittings (not afir-tight). These columns were then exposed to
the gamma-flux in a 60Co facilfty (4.5 x 106 R/hr) unti] the total dose re-
ceived was approximately 2.2 x 10° rad. |

After irradiation, the columns were again attached!to the flow measurement
device in the same way as before, and an attempt was made to measure the flow
rate through the columns. Only the column filled with zeolite showed a flow.
A11 of the columns containing organic exchanger showed no flow at all. These
plugged columns were submerged in a large tank of water. In subsequent testing
of the soaked columns flow was initiated in all but one case (IRA-400). The
results of the flow testing are shown in Tabie 3.5.

. Table 3.5
~ Flow Rates Through Ion Exchange c?1?mns
Before and After ©0Co Irradiations!3:
Column : ; Weight Pre-irradiation | - Post-irradiation
(,\ No. Ion Exchangers Ratio  fiow rate (m./min)| fiow rated (mL/min)
1 IONSIV-1E-95 1l 1 19
' {without pre-treat-
ment) see footnote
2 IONSIV-IE-95 & 1:1 16 | 13
Amberlite IRA-120
3 IONSIV-1E-95 & 1:1 19 22
Amberlite IRA-400 -

4 IONSIV-1E-95 & 1:1:1 12 | 11
Amberlite IR-120 & : _
Amberlite IRA-400

5  Amerlite IR-120 1 23 ? 25

6  Amerlite IRA-400 1 7 . could not inftiate
- - flow

3

system under init conditions. Flow was y flooding the column and

aImmediately after irradiati n, it Thle to ge ny_flow throggh th
@ saf asnat Mot PeaTt ated by F10041 ng "the €0l amn an
possibly cre;ting-f1ow channels.

~

10




3.3 Gas Generation in Inogganic Jon Exchangers |

|
(’KX Zeolite . (IONSIV IE-95) samples of varying moisture content, some loaded
with cesium, were exposed to 60co gamma radiation. These samples were placed
in pyrex containers spec1a]1y designed to allow subsequent study of gases pro-
duced within the matr1x during irradiation.

The irradiation containers, with a volume of about‘s m., were fitted with a
"break-seal” and glass attachment to allow incorporation 1nto a vacuum line for
gas analysis. Known weights of zeolite samples were placed inside these glass
containers, and they were heat-sealed at atmospheric pressure. The ratio of
zeolite co]umn volume to the total container volume wag about 0.5. The samples
were then exposed to 60Co gamma radfatfon (at 3.9 x 10 R/hr) until a total
dose of 1.4 x 108 rad was reached. Following the 1rrad}at10n, the pressure
was determined and the gas present in the sampies was analyzed. The results are
given in Table 3.6. The variations in gas compositions were attributed to the
following reasons. "The well known ability of moTecular sfeves to adsorb signi-
ficant amount of gases and the unique ability of zeolites to relatively retain
]arge quantities of hy?r?gen account for the observed ratio of hydrogen and oxy-

gen in the gas phase.

Table 3.6

j Gas Generation in Zeo]ite (IO?§;V-IE»9S)
‘ During Irradiation

Sampie v Pressure Gases (volume %)
No. Pretreatment? (psi abs.) - Hy O N7
31b Drip-dry 20.3 4.5 0.5 90.7
32 Drip-dry 18.0 1.3 32.5 66.2
33b Drip-dry 20.3 3.1 1.8 92.2
(Cs-1oaded)®
34 Drip-dry 20.0 - 1.0 36.9 62.1
(Cs-1oaded)¢ :
35 Air=-dry 13.9 0.9 29.2 . 69.9
36 Air-dry S 0.6 24.) 75.4
37 Afr-dry 13.0 1.0 33,1 66.0
(Cs-Toaded) : ;
38 Afr-dry 11.6 0.6 - 33.4 66.1
(Cs-1oaded)
Biank Afr-dry 13.9 —=e - 20.2 79.8

(non-irradiated)

aMoisture contents for ajr-dry and dri -dr zeolites were 21. 0% and 33.3%
by we1ght? respective1 i podry an

bMethane 3 to 4%) was identified in addition to Hyp, 02 &and Npo. The
source of methane is not understood.

CThe Cs loading on these samples was 0.6 meq/g of dry zeolite.

~

11
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3.4 Corrosioﬁ Stu&*es

In order!to ascertain the extent of radiation induced corrosion in fon ex-
changer systems, metal coupon studies were conducted. The jon exchange mate-
rials used were Amberlite IR-120, Amberlite IRA-400, and IONSIV-IE-95.

Two diffirentftypes of irradiation facilities were employed for the corro-
sion experiments. !One was a 60co gamma-irradiation facility. The other, a
research reactor (TRIGA-Mark III) in the shutdown mode was used as the frradia-
tion source having the fission product spectrum. Both single exchanger/coupon
and layered besd exchanger/coupon systems were studied.

i " s : |
Mild steel coupons made from steel plates identified as ASTM-1018 grade.
were used in 211 the corrosion study experiments. This mild steel grade is sim-
{lar in composition to other types of common steel such ‘as ASTM-1020 and
ASTM-A-36. A1l have a carbon content in the range of 0.20% to 0.25%. Finely
polished coupons were prepared from one large piece of stock material. Irradia-
tion experiments at OCo facility used coupons of size 12 mm x 50 mm X 3 mm.
Another set of 12 mm x 30 mm x 3 mm coupons were used in irradiation experiments
using the TRIGA Reseach Reactor. Blamk samples (unirradiated) were prepared and
- preserved under identical conditions. The results of the corrosion experiment
are summarized in Table 3.7. S
j : ' |
- The coupéns:from the blank samples showed 1ittle or no trace of rust or

corrosion effects.: The {rradiated mild steel coupons were removed from the ion
exchanger beds and.were rinsed with water to remove the weakly attached resin
beads adhering to the surfaces. These were then photographed (see reference 3)

for the purpose of shaving a visual record. The corrosion layers on the specimen ,:_

~ were then caréfu]]y;removed»using&a;nylongbrush.mand,thefweight[1osses of the

mild steel coﬁponsiuere determined. Some: brief qua11tat1vefdescrfptions»of~the‘ R s

[3

mild steel coupons; as they appeared before removing the crust: formations on

their surfaces, are also given in Table 3.7. |

As is év%dent?ffom‘the descrﬁptfoﬁ in Table 3.7, ii]vof‘the irradiated met-
al coupons showed significant corrosion. Pitting and corrosion were enhanced
where the exc?anger was directly in contact with the metal surface.

b , : j

i i
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Table 3.7

Corrosion Study Experiunts

Sample Ion Exchange irradiation Weight Loss : oun'liutive features of Corroded
No. Used ' Facility 3 inTtia . og/ lleu‘l Coupon Serfaces
i u . .
7 1ONSIVI1E-95 60¢o 0.9 6:4 Spotty mm arsas with zeolite beads
Jj strongly adhering.
] 10NSIV21E-95/ 60cod 2.6 19 One half coversd with rust only. The
Amer'lﬁu 1R-120 other hc\f had rust and resin beads.
9 Amberlite IR-120  60Cod 3.3 % Covered with rust througheut. One end
| S had white spots in addition to rust.
§ ’ i )
10 Aﬂerl‘lu lM-flw 60gel. 1.9 13 Uniform thin layer of rust. Mo crust
l_ ' ~ formatien.
1  1oxSIvi1E-95/" 60¢o2 4.4 ] " No significent crust, bt significant
Anerhu 1u—4oo ' pitting on surfaces.
12 10MS1VS IE-!S/ 6008 4. % Covered fully with black beads and rust.
Amverlite IR-120/ o
Mbderiite mqoo
7-B 10u$lv4lE-95 ] none 0 0 lrw\t urfaces. linly visible rﬁst s$pots
i : at the cdgos.
9-8 or‘Hte xa-1zo none 0.3 2.0 Almost 11 of the surface of the coupon was
! , ' : covered with a very thin layer of corrosion
L J:; product. :
10-8 AncﬂI IlA_cfAOO- none. 0 0 Sright surfaces ’Hn the original sample.
: : !!' ' %o visible corrosion products or rust
i . _spots. |
4l -umskax:-ss : TRIGAD 0.5. . Distinct, bt »om crust formation with
: i . : T zeolite unicles meﬂn to the corrouon
g; v mouct.. :
42 Amberlite IRA=120 TRIGAP 3.5 27 319n1f1cant corrosion product buﬂd-up
'ﬂ _ Uniform tm-ou'iout the surface.
43 MberHt.e m.wo TRIGAD 0.7 5.2 Spotty corrosion prosuct build-up,
especull,y around edges of the coupon.
&4 IONSIVIIE-QSI " TRIGAD 0.8 6.2 Uﬂ1f0ﬁ1y distributed. m’flee ayers. of
Aderlite-IR=-120/ corrosion products.
mﬂ}te-m-wo ;
" dDpse = 2 x 1090516 flux = 4.4 % 108 p/nr. ‘
bDose = 4.4 x 1 Irad flux © 7.6 x 10° R/hr.

P
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4. EXPERIMENTS PEﬂRFORhED AT BNL

Rad1ation damage studies on- organic ion exchange resins are currently under-
way at BNL. IiUs1ng techniques similar to those discussed above, investigations
of acid product formation (pH change), radiation induced corrosion, radiolytic
gas formatiod and rasin agglomeration are being carried out. Irradiation fa-
cilities 1nc1ude a 80co gamma flux and a 3 MeY electron accelerator. The ob-
Jectives of these experiments are first to confirm and extend the results of
scoping stud1@s described above, and, second, to determine the dependence of
potentially significant radiation effects on key parameters such as radiation
dose, dose rate, type of radiation and resin loading. To date, measurements
have centered a1most entirely on two resin types: the cation exchanger
Amberlite IRN‘77 and the "C-66%" resin supplied to BNL by the NRC. With the
exception that C-SSI 1s a cation exchanger, no written documentation is avail-
able. v

The functionaI group on the IRN-77 resin s sulfonic acid (-SO3H). This
material is supplied in the hydrogen form. To {investigate the sensitivity of
radiation 1nduced effects to resin loading, measurements were carried out on
IRN-77 in the} hydrogen form (IRN-77(H*)) and on sampIes of IRN-77 which had
been converted to sodfum form (IRN-77 (Na*))

Certain pLeIiminary results of the BNL 1nvestigations are described briefly
in sections 4.1 through 4.4. It must be emphasized that these results are pre-
liminary, and, in several cases, must be considered subject to confirmat1on.
The objective here: {s. to d1sp1ay early trends. .

4.1 Formation of Acid(s) ';'“ :” "f*j 'i';'[7 'f'=

A series of stgg1es was gamma 1rrad1ated to various doses at a dose rate of
epprox1mate1y,4 x 10° R/hr. The irradiation were carried out in vented pyrex
tubes. Following irradiation, the samples were throughly mixed with defonized
water in the ratio 2 g resin to 10 mL water. The pH of the resulting solution
was then measured and recorded. Initial results are shown in Table 4.1.

Several observetions are noteworthy: , |

€9) H1thout exception, for the resin studied the pH steadily decreased for
1ncreasing gamma dose. This radiation 1nduced generation of highly
acid1c conditions is 1n accord with previous neasurements cited above.

¢ The acidity produced is sensitive to resin chemica1 1oading. The sodium
form of IRN=77 1s much less acidic than the hydrogen form prior to irra-
diation, and this trend continues in frradiated: samples. One sample of
C-Gszdres1n was titrated to pH 7 with NaOH prior to irradiation, which
converted the resin to the sodium form. Following irradiation, the pH
of the titrated C-66% resin solution was substantially higher than that
of anduntreated C-66% resin exposed to the same - gamma dose.

¢ In the pH experiment, the water mixed with the 1rradiated resifns becomes

colored. The coloring darkens steadily from pale yellow to deep amber
with 1ncreasing absorbed dose. For equal radiation doses, the coloring

5 -




wasﬁa1wa}s more pronounced for IRN-77 (H*) than for IRN-77 (Na*).
Thus, the coloring following the same qualitative trends shosn in the
pH %easurements. ‘ ' ;

Table 4.1

Hyérogen Ion Concentrations (as pH) of Hater%in Contact With
! “ Irradiated Ion Exchange Resins

1
|

. ﬁ; - - pHa |

Dose (rad) i é C-66% - C-66% (Na*)D  IRN-77 (H)  IRN-77 (Na%)
0 W 7.0 35 6.8
107 (v). % " 2.6 R 2.5 4.7
1.25 x 107 (e=) | --- S | S E—
3x107 (v) ! L 2.0 S N T 3.6
4.6 x 107 (ef) === — 20 —
108 (r) L6 3.0 . 15 2.9
3x108 ()i 11 e e o

109(v) | ;0.8 - 0.6 1.3

"‘MeaSUréd*in?supefnate of a mixture of 2 g of resin and 10 m_ of
deionized water.. ) ' : -

bTitrated toipH 7'with NaOH prior to irradiation.

|
] B i |

4.2 Agg1ome%atioﬁ

Only qu$11tative results (visual observations) are presently availabie.
For IRN-77 (Nat), IRN-77 (H*), and C-66% resins, irradiation to doses of ap-
proximate1y-108 rad did not produce any severe agglomeration. The major visji-
ble effect was that the resins became progressively more colored. At 3 x 108
rad, a definfte stickiness was obgervable in all three resin types. The IRN-77
(H*) seemed most affected. At 10° rad, the IRN 77 (H*) had a gumwy ap-
pearance. The IRN-77 (Na*) was similarly agglomerated. The C-66% resin ai-
though quite| sticky, was somewhat less agglomerated than IRN-77 (H*). When
water was added to all these resins (10:2 by weight), the sampies “deagglom-
erated”. The IRN-77 (H*) formed a gel-1ike solution. Again, the C-66% resin
seemed more durable. j

! I
4.3 Corrosion
[ . : . - !

Corrosfon behavior of mild steel and stainless steel (304) in irradiated

IRN-77 (H*),l IRN-77 (Na*) and C-66% resins has been studied. Coupons were
1 ; i ) » .
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imbedded in g_-esimi’samp‘les prior to gamma irradiation. The samples were then
irradiated t6 various doses. Subsequently, the coupons were removed and com-
pared with similar coupons which had been embedded in resins, but which received
no irradiation. Again, at this point, only qualitative results are available.
These are_dei.f.cribéd below: |

1

| : ' ' ; | : *
e For tlzl_iﬂd steel, corrosion was increased by irradiation. IRN-77 (H*)
and ?-66%{ resins appear more corrosive than IRN-77 (Na*).

(] Corrg::sion 1is greater for samples 1 rradiated to 3 x 108 rad than for
thosé irradiated to 108 rad. The corrosion time for dose of 108 rad
is approximately one day and three days at 3 x §10 rad dose.

. Thus_iffar,f (3 days corrosion time, 3 x108 rad) radiation enhanced cor-
rosi?n ha'§ not been observed for stainless steel.

4.4 Fast E‘I‘fectroﬁ Irradiations -

Several i'samp',les of IRN-77 (H*) were irradiated with 2.2 MeV electrons.
Both pH measurements in vented containers and gas evolution measurements in
closed containers have been carried out. In the gas evolution measurements, the
pressure was’;monitored while the irradiation progressed. The calculated dose
based on beam current and energy Yoss data was appr9x1!nte1_y 1 x 108 rad per
hour in the pressurization measurements and 5§ x 10/ rad per hour in the pH
studies. Results to date indicate: o |
1 : ' :

¢ The ipeasuf'ed pH in the electron irradiation measurements so far agree
reasonably well with the expected gamma irradiation at the same total
dosei| (c.f., Table 4.1). This suggests that the pH change is not par-
_ticujlar1y§f sensitive to dose rate, and that electrons and gamma rays are
sens';;‘ibly equivalent on a per rad basis. |

@ At an absorbed dose of approximately 3 x 108 rad, an overpressure of
about 3 psi was produced in the closed container experiment. We are
preséntiy-ﬁ determining the plenum volume; it is estimated at-least 50%.
The ,:s‘lope_; of the pressure versus dose curve appears so far to be
_c‘Iosg‘ly proportional to radiation dose rate. This was determined by
changing the beam current during irradiation, while monitoring the
overpressure. This appears to be an extremely useful technique.
Hydr?gen and methane were identified as gaseous radiolysis products.

17 |
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5. SUMMARY OF |||RESULTS

The work perfonmed at GIT, PSU and BNL descr1bed prevfous1y within this
report fall 1nto four categories° pH change, gas-generation, agglomeration, and
corrosion of metals in contact with irradiated fon exchange media. The results
by category are summar1zed below. |

No attemptdwas made to interpret the results of these experiments. This
review is not 1ntended to imply agreement with, or rejection of, the interpre-
tations and co?c1usions given in the documents reviewed.

5.1 pH Change : B

e For rad1at1on doses of about 107 rad and above, 011 pH
changes were observed by PSU and BNL to be substantial with
respect to ‘the pH of the unirradiated starttng materia1s
with the exception of IRA-400. :

- o The water added to frradiated resins to perform pH measure-
mentslat BNL was observed at to become colored. The coloring
darke?s steadily (from pale yellow to deep amber) with increasing
dose.a

. Layered comb1nat1ons of . the H+ and NH + forms of the IRleO
cat1on resins with stratification rat 105 ranging from 1:10 to 1:1
to 10:1 by iweight were examined at PSU. A1l samples. received 7 x 107 -
rad tota1 absorbed dose. After irradiation all iayered specimens
had 1éw pH values (1.5 to 2.5). Some specimens showed a modest
- variation of pH along the bed length. - Based upon this experilent
the: hydrogen form of IR-120 s estimated to have a final pH of 1.5
h11eﬂthe ammon1ated form is estimated to have a<f1na1 pH of 2.4.

¢ At PSU the IRA-400 anion resin was irradiated to 4.4 x 108 rad,.
and had a measured final pH identica] to that of the unirradlated
start1ng materia1. ‘ ,

¢ S1m11ar PH . changes were observed at BNL for the IRNa77 Ht form
cat1on exchange resins to those changes observed at PSU for the
IR=- 120 H* form at similar total accumulated totadeoae of about
108 rad. These irradiations were carried out in
flux.| Several samples of resins irradiated at BNL to 109 rad
showed pH values of about 1.0. Samples of the IRN-77 Na* form
exchanger examined at BNL showed pH values cansistentﬂy higher
(1essﬂacid1c) than the IRN-77 H* form.

¢ The e1ectron irradiations of resins at BNL, which were about ten
timesihigher in dose rate than the 60co irrad1et10ns showed
similar pH'changes in the resins to those pH changes observed for
gammaﬂirradiated resin. |

4
|
| B
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e The PSU study indicated that the final pH of the gamma irra-
~ diated zeolite increased from 8.0 to 9.0. The total dose
for the zeo11te specimen was 4.4 x 108 rad.

5.2 Gas Generation

'!

o In the GIT study, s1gn1f1cant quantities. of gas were generated
dur1ng irradiation of resins. Gas analysis identified the fol<
low1ng components: hydrogen, methane, ethane, propane, and
butanee An apparent thr;shoId for the onset of pressurization
varled from about 5 x 10/ to 8 x 107 rad of cumulative dose
for the var1ous organic ion exchange media tested ’

o At PSU pressure changes indicating generatogn of gases were
observed for the irradiated zeolite (1 4 x 10° rad dose).

o At BﬁL gas generation was also observed in the electron
1rrad1ated resin experiments. Hydrogen and methane were identi-
f1edﬂas gaseous radiolysis products.

I"

e GIT reported a 11qu1d which frothed upon release of pressure
which had 'developed in the sample container during the course
of the irradiation. - This observation suggests significant
amounts of dissolved gas are present in the 11qu1d.

5.3 Agglomeration

() Agg1dmerat1on of the resins was observed at GIT PSU, and BNL.
An attempt was made at PSU to-evaluate the degree of agglomera-
t1on|by measuring the flow rate of water through columns of
packed ion exchangers before and after receiving gamma irradia-
tion! At a dose of 2.2 x 10° rad, both the IR-120 cation
(hydnogen 'form) and the IRA-400 anion resins had agglomerated
to the degree that no flow of water could be observed.
lrrad1ated zeo11te specimens did not agg1omerate,

e In the exper1ments at BNL, the addition of water was observed
to "deaggIomerate irradiated resins.
l
. Georg1a Tech reported a soIid-1iquid phase separatlon. S1gn1f1o
cantﬂquant1tes of 1iquid were released from the irradiated resin
matr1x.

5.4 Corrosion
’E
e Corros1on studies of metal coupons enbedded in res1ns were

performed ‘at PSU. Irradiations were carried out in a gamma
f1uxﬁ(e1ther 60Co or the mixed gamma-ray spectrum of the
TRIGA-MARK 111 reactor in the shutdown mode). Substantial
radiation induced pit-type corrosion was observed for mild
steel| coupons in all organic resin types, as well _as the
zeolite tested at doses from 4.4 to 10° to 2 x 109 rad.

20



® Recént work at BAL on corrosion of stainless sit.eﬂ {mbedded
in r_j‘esins_ jndicated no corrosion at the end of a three day
experiment used to obtain a8 3 x.10° rad,dose.
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APPENIDX A

»% .

This append1x out1ines the method used to calculate the cumulative absorbed

dose as a function of t1me. The results of these ca1cu1at1ons were displayed in
Figure 1.1. '? : |

Table A. lllists the radionuclides which were cons1dered as well as rele-
vant quantities of activity and pertinent decay properties. The seiection of
these rad1onuc11des and of the relative amounts was based upon an analysis of
the influent to a particular TMI/EPICOR-I1 prefiiter (#16) This information
was obtained at a meeting held at the TMI site on October 20, 1980. The curies
of an isotope were scaled such that a hypothetical liner: would contain approx1-
mately 1300 total cur1es.

| Table Al o
;l ‘
Nuc11des and Relevant Decay Data Used in
. Calculation of Dose Rates | '

[ |

Radionuclidéed  .Totald - 1€
| | Curies (yr-l) yr% Mev ~ (rad/ca?hr-lnCi=])
8sr | i 6 5.0 0138 0.583 = novd
0sp 1125 0.025 28 0.200  noY
, {9 Y)e * . (95)  (.0073) © (0.931) @ (nmoY)
13705

%1000 0.023 30 0,195 3.3

34cs & “je2000 - 0.33 -2 0.152 0 8.7
|

aThese rad1o1sotope accounted for approximately 99% of the total
radioactivity. - i
bNormalized to approximate1y 1300 total curies.

Creference 6!

d ess than 0*0%% of 895r deca ays with the relegse of a gamma ray; for
the purpose[ cdlculation this mode was neglected. °
eDauggter of 190 Sr; for the pur ose of calculation, 90Y was assumed
cay coinc1dent with parent ecay _ .
ig ’ i
'i f! _— \

The remain1ng informat1on (geometry, activity densities, etc.) used in the
calculations is given in Table A.2. Three cases were considered. In each case,
the total activity is assumed to be uniformly distributed throughout the volume
of a cy11nder.? The - radius of all cylinders is 60 cm, while the heights are 80,
40, and 20 cm. | For !these assumed geometries, the bulk act1v1ty densities are
40, 80, and 160 Ci/ft3, respectively.

The dose de11vered by beta decay was calculated from the foliow1ng equa-

~ tions. The initia1 beta dose rate of the ith rad1onuc11de. Df. is:

. B .
Dj = A C-ﬁ';i
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Table A.2

Assumed Geometry, Geometric Correction, and
Activity Densities Used in Calculation

.~ Case ‘W

a b o c
radius (cm) Co 60 60 L 60
height (cm)" : _ 80 - 40 i 20
g y - 216 . 206 180
volume (ft3) : 32.5 16.3 | 8.13

(3 9.2x105 4.6x105 = 2.3x105

activity deos1ty. (mCi/cm3) v .
895y ] 0.07 0.14 = 0.28
90sy : . .0.027 0.054 0.11°
13¢ Cs 0.22 0.44 - 0.88
137Cs ¥ 1.1 4.4

2.2

Ci is the act1v1ty dens1ty of the 1th radlonuc11de F’ is the average beta
energy and A is a proport1ona11ty constant. When C 15 in Ci/cm® and E

is in Mev, A equa]s 2.1 x 103 rad cm3 MeV hr-lmCi- -1 and D is obtained |

in rad per_ hr! The total absorbed beta dose due to the! decay of the ith radio-

“nuclide, 03(-), ist

x 8 76 x 10° - '~V<L
Ay

D

hreyr
p(=) = &

where ) is the decay constant of the 1th rad1onuc11de in yearS”l The beta
dose absorbeduat any time may then be calculated by |

i(t) = DB( ) (1 Mty

The dose de11vered by gamma decay. was est1mated from the following equa-
tions. The gamma dose rate is

°Y _ :
Dj = C4 19 ‘ﬁ - §

where Tj is th gamma ray constant of the ith radionuclide and @ is a geomet-
ric factor, which assumes tlssue equivaIencyn ri has the units

rad cmemCi- 1hr -1 g‘has the unit ,
v |

The va1ues of | g given in Table A.2 were estimated from the values of g
given in Refeqence 2. Extrapolation of g for a cylinder of radius, r, of 60 cm
was accomp11shed by least square fitting the pub11shed data to the form

92 = mr + b.
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~and the cumuhat1ve gamma dose was obtained from

References |

The total gamma absorbed dose, D{(=), is |

oo “ﬁ: x 8.76 x 10° hpeyr-l

Aq

oﬂt)=mn-)(1-e'%ﬁ

The tota1 cumulative absorbed dose for a11 nuclei and both decay types was
obtained from the following equation, v

uu)=zw&-)+DNq)u eTMhH. -
This equat1on is p]otted in F1gure 1.1 as a function of‘t1me for each of the
three Toadings.
i
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