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L'ENERGIE ATOMIQUE DU CANADA, LIMITEE

Evaluation des matières destinées à 1'intnbbilisation des
résines échangeuses d'ions

par

L.P. Buckley et R.A. Sjperanzini

RESUME

Les résines échangeuses d'ions constituent une fraction importante du
volume des déchets radioactifs formés lors du fonctionnement des centrales
nucléaires CANDU-PHW. Comme il faudra éventuellement enfouir de façon
permanente ces résines échangeuses d'ions contaminées il est nécessaire de
mettre au point une méthode pour réduire leur volume et pour immobiliser leurs
radionucléides. Cn donne, dans le présent rapport, les résultats d'une
évaluation touchant les procédés permettant d'immobiliser directement dans du
verre, des matières plastiques, du bitume et des ciments les résines
échangeuses d'ions contaminées. les émanations de Gs-137, Cb-60 et C-14, lors
d'essais de lixiviation, ont été les plus faibles avec le bitume, suivi par le
verre, les plastiques et les ciments- Environ 8% de la teneur en C-14 des
résines échangeuses d'ions s'échappent par le dispositif d'évacuation des gaz
durant la formation du verre ce qui pourrait limiter l'enploi de cette matière.
On décrit une méthode pyrolitique pour réduire au tiers le volune des résines
échangeuses d'ions irradiées.
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ABSTRACT

Ion exchange resins make up a significant fraction of the
volume of radioactive wastes generated during the operation of
CANDU-PHW nuclear power stations. Since permanent disposal will
eventually be required for these contaminated ion-exchange
resins, some way to reduce their volume and to immobilize their
radionuclides is required. An evaluation of the processes for
immobilizing contaminated ion exchange resins directly into
glasses, plastics, bitumens and cements is reported here.
Releases of Cs-137, Co-60 and C-14 in leach tests were found to
be lowest for bitumen followed by glasses, plastics and cements.
Approximately 8$ of the C-14 inventory on the ion-exchange
resins is released into the off-gas system during glass
formation and could limit use of this option. A pyrolysis
method for a three-fold reduction in the volume of used ion-
exchange resins is described.
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1. INTRODUCTION

Contaminated ion-exchange (IX) resins are presently
being stored at CANDU nuclear power stations. These IX resins
(bead form) contain 95$ (l) of the gross 13, y radioactivity
produced per year, except for the activity within the fuel
bundles. The contaminated IX resins, although making up only 5$
of the total waste volume produced per year make up 47$ by
volume of the currently non-processable wastes. If the volume
of the IX resins cannot be reduced, they are expected to take up
^20$ of the space in a reactor waste repository (2). They
contain sufficient amounts of long-lived radioisotopes that a
method for their permanent disposal is required. Permanent
disposal of IX resins from CANDU-PHW reactors needs to take
account of their considerable C-14 content which is an order of
magnitude higher than that in similar wastes from LWRs. To meet
anticipated requirements for permanent disposal (e.g. low
releases of radionuclides from a repository) the IX resins will
have to be immobilized in some matrix.

Several processes have been developed for volume
reduction of organic IX resins, ranging from mechanical compac-
tion to acid digestion and incineration. Resins which have been
compacted readily reabsorb water and swell to their original
volume. Acid digestion and incineration have been assumed to be
unwise for CANDU-PHW resins because of the probable release of
C-14 as C02» Immobilizing the IX resins directly in a matrix
such as plastic, bitumen, cement or even glass has the advantage
of requiring minimal conditioning of the wastes. Processes for
and waste forms resulting from such direct incorporation of IX
resins have not been well characterized especially for IX resins
with high concentrations of C-14.

The work reported here was undertaken to evaluate these
methods for direct incorporation of CANDU-PHW reactor contami-
nated IX resins. The processes and products were evaluated to
determine which method of direct incorporation would provide
minimal release of radionuclides (particularly C-14 and Cs-137).
In particular, a procedure was developed which can be used to
prevent disintegration of cement IX waste forms (resulting from
swelling of IX resin beads). As well, a procedure for incorpo-
rating organic IX resins into borosilicate glasses is described.
Finally, starved air incineration as one means of volume
reduction for used resin was explored.



2. DIRECT IMMOBILIZATION OP RESINS WITH HIGH AND LOW
TEMPERATURE PROCESSES

Doped resins and contaminated resins from a demonstration
power reactor were used in the immobilization experiments.
These organic mixed-bed ion-exchange resins were incorporated
into cement, polyester and vinyl ester resins, bitumen and
borosilicate glass. The IX resins, the processes and the
products are described in turn.

2.i Resins Used to Simulate Power Reactor Resins

CANDU-PHW moderator ion-exchange resins are Amberlite
IRN-15O, a mixture of strongly acidic cation resin (hydrogen
form) and a strongly basic anion resin (hydroxide form). The
major contaminants on this resin have been reported to be C-14,
Co-60 and Cr-51 (3). Primary heat transport IX resins are
Amberlite-154. a mixture of strongly acidic cation resin
(lithium form) and strongly basic anion resin (hydroxide form).
Major contaminants were reported to be Cs-137, Cs-134, Ce-144
and Ru-106w). Some of these contaminants are short-lived
species. Since the ion exchange resins could be stored for
several years to allow decay of such short-lived species, they
are of no concern in considering ways to volume-reduce or
immobilize IX resins. Cobalt-60, Cs-137 and especially C-14,
however, are long-lived species and must be contained for long
periods of time. As well as being long lived, these radio-
nuclides are especially troublesome because they are present in
high concentrations*, e.g. on the Pickering Generating Station
primary circuit ion-exchange resin, the concentration of Cs-137
was 518 MBq/L of resin compared to Cs-134, 166 MBq/L and Ce-144,
63 MBq/L which were present in next highest concentrations. On
the Pickering G-enerating Station moderator resin, the concentra-
tions of C-14 were found to be ^7400 MBq/L (4) and of Co-60,
129 MBq/L compared to the radionuclide with the next highest
concentration, Cr-51, 70 MBq/L. Because C-14, Cs-137 and Co-60
appeared to be the "problem" radionuclides, minimal releases of
these radionuclides were used as a criterion for evaluating
processes and waste forms.

In the experiments reported here, IRN-150 resin doped
with C-14, IRN-150 .loped with Cs-137, IRN-150 doped with Co-60
and contaminated ion exchange resin (IRN-150) obtained from the
moderator circuit of the NPD demonstration CANDU-PHW reactor
(Rolphton, Ontario) were used to simulate the IX resins from the
Pickering and Bruce generating stations. Both C-14 and Cs-137
were found to be major contaminants on the NPD resin and thus
this resin was considered a good simulant for resin from the
larger power reactors.

•"•Concentrations are taken from ref. 3 unless otherwise noted.
The volume of resin given here and subsequently in the report
contains ^40$ by weight water. Radionuclide concentrations are
reported in terms of damp resin volume.



2 . 2 Incorporation of Ion-Exchange Resins in Matri_cj?s_

The procedures for immobilizing the ion-exchange resins
into cement, polyester and vinylester resins, bitumen and glass
are described below.

2.2.1 Cement

In the experiments reported here different oenents were
loaded with IRN-150 resin beads. Portland cement Type 7
(normal), Portland cement Type III (high strength rapid curing),
and a masonry cement (5) (60 wt$ Type I, 40 wf£ ~a(0H)2) were
used. Previous experience (6) in making resin-cement samples
indicated 10 wt$ dry resin in the product was a suitable
starting point for the studies. The first product samples were
visually good. However, upon immersion in water both Portland
cement mixtures fractured and the masonry sample disintegrated.
To make more durable products, excess water was added to the
cement ion-exchange resin slurry during fabrication o-r the
products.

One of the objectives of this work was to load the
maximum amount of resin beads into cement to minimize the volume
increase associated with using cement. To obtain higher resin
bead loadings and more durable products the IX resin beads were
coated with liquid resins (i.e. water-extendible polyester resin
without the initiator) before being mixed with cement and water.
Recipes for fabrication of these waste forms, with loadings as
high as 23 wt$ dry IX resin are shown in Table 1. Although
different liquid resins were tried, water-extendible polyester
resin (Section 2.1.2) provided products which did not crack
during curing. For products that were coated with waterproofing
agent, subsequent wet and dry cycling (immersion of the sample
in water for a day, removal and drying in laboratory air for a
day, then repetition of daily wetting and drying for several
weeks) did not result in any deterioration of the products.
These products are illustrated in Pig. 1.

Compression tests were then performed to verify that the
bead resin-cement products were strong. Samples were then
prepared using resin to which Cs-137 and Co-60 had been added.
The "adioisotopes were added (185 MBq/L dewatered resin) to
resin immersed in distilled water. The resin-water slurry (25
v» z"% dry resin) was stirred overnight to allow maximum adsorption
of the radionuclide to take place. The traced resin was then
treated by adding the liquid polyester resin to the stirred
slurry. The beads absorb the polyester quickly (in about five
minutes). Excess water was removed by decanting the slurry.
The dewatered slurry had a weight ratio of water to resin bead
(dry) of 1:1, . The resin was then added to a Portland Type III



cement-water slurry (weight ratio of 2:1) and stirred for one to
two minutes. The mixture was then poured into polyethylene
molds.

After curing for seven days in a humid atmosphere the
samples were immersed in water and leached using the method
proposed by Hespe (7), modified so that the whole sample rather
than one surface was exposed to the leachant. Past experience
has shown that more reproducible leach rates are obtained by
immersing the whole sample.

Similar products were made using the spent moderator
resin (lRN-150) from NPD to enable a comparison between
simulated wastes and power reactor wastes to be made. The spent
resin contained about 40 wt$ water. Products were made over a
range of 5 to 15 wt$ dry resin and these samples were then
leached.

2.2.2 Polyester and Vinyl Ester Resins

Polyester and vinyl ester resin have been investigated
as possible matrices for low level wastes (8,9). The ion-
exchange resins were mixed with the liquid resins to form an
emulsion. Then an initiator was added and mixed throughout the
emulsion. The initiator cleaves bonds which allows free-radical
reactions to promote polymerization of the liquid resin. The
polymerization reaction is exothermic and the mixture
temperature will, rise to about 60°C. The product has a cellular
structure where the polymer forms the continuous phase and the
water in the resin bead slurry becomes the discontinuous
(bubble) phase. The resin beads are trapped throughout the
polymerized emulsion as shown in Pig. 2.

Two resins were obtained from Ashland Oil (Canada) Ltd.
The water-extendible polyester resin (WEP) used is AROPOL
WEP-661 P and the vinyl ester resin used is HETRON-901. The
polyester polymerization is initiated by methyl-ethyl-ketone
peroxide and the vinyl ester (VER) polymerization is initiated
by benzoyl peroxide-

Bead resins (IRN-150, IRN-154) were traced with Co-60
and Cs-137 before addition to the WEP or VER liquid resins as a
slurry. The mixture was stirred to form a stable emulsion, and
stirring was continued after the initiator was added to prevent
the beads from settling. The product formulations are given in
Table 2. Apparently, water in the slurry acts as a heat sink
and keeps the product temperature under 100°C. Unsuccessful
attempts were made to add dewatered resin beads to the liquid
resin. Without the water, much larger loadings could be
obtained but the temperature of the products rises to 150°C
during polymerization and cracks them.



The samples were leached using the method propo:3od by
Hespe. Compression tests were performed to obtain the .-strength
of products with various waste to resin ratios. After a period
of storage some flammability measurements were carried out.
These involved bringing open flame, i.e. a match, in contact
with the product.

Again, similar products were made with the water-oxt^n-
dible resin and the NPD spent moderator resin beads. -r'/iuctr;
with 5 to 25 wt% dry resin bead were produced for l^achin^
tests.

Fresh 1RN-15O resin beads were also traced with 0-1-1
(15 MBq/L dewatered resin) and immobilized in WEP ursin^ thn

formulation given in Table 2. Leaching tests were carri.e.1 out
with these samples.

2.2.3 Bitumen

Bituminization of resins was evaluated usinp both an
evaporator and an extruder. Details of the processen are ^iven
in references 10 and 11. Resins traced with Co-60, Cs-137 and
C-14 were immobilized in an emulsion composed of 603?
direct-distilled bitumen and 40$ water using the wiped-fiLm
evaporator. With the twin screw extruder, the bitumen f^ed was
an oxidized variety. The characteristics of these bitumen
varieties are given in Table 3-

Leaching tests were carried out on products cont.a i T in/-?
Cs-137 and Co-60 and on samples containing only C-14. Flamn.a-
bility tests were performed for comparison with the poly-:?:";tor /
vinyl ester products.

2.2.4 Glass

The glass used in the experiments was a borosilicate
glass developed at Savannah River (12). The base glass compo-
sition is 67 wt# SiOo, 20 wt# B2O3 and 13 vt$ NapO. These
components were mixed as dry powders (SiO2, B2O3 and Na^CO-;)
with the dewatered NPD resin. The mixtures were melted at'
1150°C for five hours, annealed at 500°C for one hour and then
removed from the furnace to cool in air at room temperature.
The glasses were made in platinum-gold crucibles (1-5 cm base
diameter x 1.0 cm height)and fireclay crucibles (4.0 cm base
diameter x 9-0 cm height). Visually good products were made
with 10 to 30 wt# dewatered NPD resin.

Other organic and inorganic ion-exchange materials have
been used elsewhere to decontaminate reactor wastes, e.p,.



IRN-78, IRM-401, Duolite ARC-359, Chelex 100, Linde zeolites,
Zeolon 900 and sodium titanate. To verify that these ion-
pxchange resins could be immobilized in glass, the inactive
glass products listed in Table 4 were made using the above base
glass. No difficulties were encountered during the immobiliza-
tion of these inactive ion-exchange materials.

2 . 3 Characterization of Products

The cement, plastic, bitumen and glass products were evaluated
by measuring the leach rate of the incorporated radionuclides.
The compressive strengths of the cement and plastic products
were measured. The results of these studies are given here.

2.3-1 Cement

The compressive strength of resin bead cement mixtures
depends on the quantity of resin beads. Without the addition of
waterproofing agent, the compressive strength falls very quickly
with waste quantity as shown in Pig. 3- The stability of the
product deteriorated without the addition of the hydrophobic
material when the products were wet-dry cycled. Beyond 10
dry resin bead (30 voVfo) the products fractured or
disintegrated.

In making the cement-resin products, it appears that
sufficient water must be made available to maintain the resin
beads in a fully expanded state and to hydrate the cement.
Without the excess water, the water needed for the hydration
reaction is extracted from the resin beads which shrink before
the cement sets. When the cement ion-exchange products are
exposed to water (as in a leach experiment) the resin beads
reabsorb water, swell and shatter the waste form. Liquid poly-
ester resin (as the waterproofing agent) prevents this damaging
effect. The total water requirement of the product is lowered
and more resin can be placed in the product. There is a maximum
amount of polyester resin that can be added to the resin beads.
When the weight ratio of liquid resin to resin bead exceeds
G.33, the additional liquid resin does not allow the cement to
form a monolith.

Samples of treated and untreated resin-cement products
were leached. The use of the polyester resin had little effect
on the release of Os-137 as shown in Table 5. The release was
substantial, with nearly all the isotope escaping from the
untreated resin-cement product within 25 days. With higher
loaded products of waterproofed resin beads, the releases were
about the same.



As seen in Pig. 4, the releases of Cs-1'37 from the
cement -IX products are higher than for a Cs-137 solution mixed
with cement (5-4 MBq in 85 g of cement product) without IX resin.
Apparently the cesium isotope is displaced from the repin
exchange sites, perhaps by the doubly valent calcium in the
cement. Cesium dissolves in the water penetrating the product
and rapidly migrates tout of the cement. Without any pretreat-
ment the product is very fragile. Even with the addition of the
liquid resin to strengthen the product, cesium releases are
extremely high. This was observed also with immobilized spent
NPD resins.

The C-14 release results have not yet been obtained for
the cement-resin products.

2.3.2 Polyester and Vinyl Ester Resins

The immobilization of resin bead in thermosetting resin
products can be achieved easily in the laboratory. The quantity
of dewatered resin that can be added is limited by the viscosity
of the resulting emulsion. Beyond 70 wt# waste (resin beads and
water), the mixture is too viscous for the initiator to be
effectively dispersed throughout the emulsion and provide a
uniform product.

The products are stronger than those formed with cement
as shown in Pig. 3- When compressed to their breaking point,
the products exhibit the same fracture pattern as cement. When
wet and dry cycled for over two weeks there was no serious
breakdown as seen with resin-loaded cements. The thermosetting
resin products appeared to be much more durable than any cement
products made.

The leach results of samples of polyester resin and
vinyl ester resin as the matrix materials for bead resins were
virtually the same. When compared with cement, as seen in
Fig. 4 there is a ma.rked improvement for holding Cs-137. After
an equivalent period (25 days) 0.12$ (2.0 x 10-5 cm/day) of
the original activity was released compared to nearly 100$ for
cement having the same amount of resin beads. Again, these
samples were fully exposed to the leachant volume rather than
just one surface.

Despite poor retention of Cs-137, cement holds the
cobalt better than the polyester as shown in Pig. 5- The high
pH of the cement slurry probably precipitates the cobalt as
hydroxide. Thus, the Co-60 in cement is less soluble than in
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polyester when the products are exposed to water. However, the
difference is slight; after 70 days the WEP product has released
0.085$ of its original activity (2.8x10-° cm/day) while the
cement product released 0.032$ (2xl0~° cm/day).

Using spent moderator ion-exchange resin from NPD the
leach rate of Co-60 from cement and VEP was again low [<0.1%
activity loss in 80 days). In this case, however, the WEP
(6.""i \ 10"? cm/day) was slightly better than the cement
(6.1 x T)-1? cm/day) as illustrated in Fig. 6.

Carbon-14 release rates could not be obtained from the
spent NPD resins immobilized in polyester resin because of the
Y interference from cesium and cobalt isotopes in the leachant.
Hence, products were prepared that contained only C-14 adsorbed
on the resin beads. In Pig. 8, a release of 0.3$ (5xlO~4
cm/day) is shown for a product "containing 12.5 wt$ dry resin.
The C-14 isotope is released at a higher rate than either cesium
or cobalt.

Because the polyester and vinylester resins are organic
materials, the flammability of the product was investigated.
The heat from a match laid on the surface of the liquid resin
will cause the liquid to ignite. Freshly made products will not
burn, perhaps because the water trapped in the cells acts as a
heat sink and prevents the product from reaching its ignition
temperature. Aged products presumably have lost water. When a
match is brought, in contact with an aged product, the product
will ignite and burn vigorously.

Thermosetting resins are more expensive than cement (̂ 30
times) but have higher compressive strengths and significantly
lower leach rates.

2.3-3 Bitumen

Unlike immobilization, in cement or polyester resin,
immobilization in bitumen drives off the water (both inter- and
intra-stitial) associated with the resin slurry. Thus, per unit
volume of waste product, more resin can be stored.

The releases of cesium and cobalt from the bitumen are
significantly lower than from either the thermosetting plastics
or cement. Figures 4 and 5 show that after 70 days less than
0.003$ of the Cs-137 is released (7-5x10-7 cm/day). Cobalt--60
releases are slightly lower, 0.002$ (5.1x10"? cm/day).



The samples of ion-exchange resin loaded with C-14 and
then bituminized were leached in distilled water. The releases
of C-14 shown in Fig. 8 are higher than those obtained for
Cs-137 and Co-60. After 25 days 0.04$ of the activity was
released (9-lxlO~5 cm/day). The release rate of the longer-
lived isotope was still an order of magnitude lower than that
achieved for polyester resin. Leaching of C-14 from bituminized
resin wastes in a repository is evaluated in Appendix I. Less
than 1$ of the initial C-14 inventory will be released.

Bituminized resin samples were placed in water and after
several months vrith oxidized bitumen there was no swelling or
slumping. With the direct-distilled bitumen and the emulsified
bitumen varieties, products slumped rapidly within days of their
removal from containers, but there was no swelling based on
volume displacements tests.

The product characteristics are dependent on the type of
bitumen use! to immobilize the resin beads and upon the amount
of resin beads in the product (Table 6). The method of deter-
mining the hardness of the product, by penetration, is not
satisfactory because the resin beads interfere with the needle
as it descends into the product. Water content in the product
is important. Previous experience has shown that when the water
content exceeds 5$ of the product weight, release rates increase
two orders of magnitude.

2.3-4 Glass

Since high temperatures are required to make glass
products, off-gas releases are a major concern. These off-gas
problems have been studied and the results are discussed in
Section 3- The volume of the glass-resin products, however, is
only 20$ larger than the initial volume of the IX resin (for
15 wt$ dry resin in glass). This volume increase is
approximately the same as for bitumen but is considerably less
than the 50 to 100$ increases found for plastics (WEP and VER)
and 100$ increase for cements.

The releases of cobalt from the glass products were
difficult to estimate, because in all leach solutions, Co-60
concentrations were at the detection limit of the Y-spectrometer
(200 Bq/L). This is in spite of relatively high waste loadings,
e.g. 15 wt$ dry resin in the glass product or 5 kBq of Co-60 per
cm* of product. The Cs-137 loading of the glass product was
14 kBq per cm^ of product. The fractional release of Cs-137
was 0.034$ after 80 days compared to 0.003$ for bitumen in the
same time. Although high compared to bitumen,
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Cs-137 releases for glass are still lower than for WEP, VER and
cements as illustrated in Pig. 7.

3. OFF-GAS EXPERIMENTS

Releases of Cs-137 and C-14 were measured to evaluate
the pyrolysis, glassmaking and bituminization processes.

3.1 Processes Investigated

Some methods of volume reduction require elevated
temperatures (e.g. incineration) and since temperatures as high
as 1100°C are needed to produce durable immobilization products
with glasses, it has been assumed that releases of Cs-137 and
C-14 must be controlled. Such control can be effected by
pretreating the IX resins to el-ute the Cs-137 and the C-14 (as
CO^) for separate immobilization in glass before incinerating
the IX resin.

To avoid such chemical pretreatment, pyrolysis of the
resin was considered to reduce the volume of the IX resins
(before bituminizing perhaps) while minimizing radionuclide
release. Off-gas releases of C-14 and Cs-137 were measured for
elevated temperatures ranging from 500°C-1000°C in a nitrogen
atmosphere to verify this.

Experiments were also carried out to estimate the
amounts of C-14 and Cs-137 released during glass making to
verify the assumption that releases would be high.

Releases of C-14 were measured for the bituminization
process where elevated temperatures (l25°C) were used.

3.2 Off-Gas Collection Methods

The sealed apparatus used in the pyrolysis and glass-
making experiments is illustrated in Pig. 9- In these
experiments the contaminated IRN-150 obtained from NPD was used.
The ion-exchange resin (̂ 20 mL) to be pyrolyzed or the mixture
of IX resin with glass-making frit were placed in the bottom of
the cylindrical metal canister (dimensions: length, 63-5 cm x
radius, 1.2 cm). The metal canister was suspended vertically in
a cylindrical furnace with a variable temperature control. In
the experiments the selected temperature was reached after
approximately one hour and maintained for three hours. Nitrogen
gas was used to flush the off-gases through the scrubbers.
Water in the off-gas stream was condensed using a Leibig
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condenser and the gas was flushed through three bubblers to trap
radionuclides (a 1 mol/L HC1 scrubber, 100 mL, and two 1 mol/L
NaOH scrubbers, 250 inL each). The acid scrubber was used to
trap cesium to prevent y contamination of the alkaline scrubbers
used to trap C-14 since it interferes with C-14 scintillation
counting. Nott (13) has shown that CO2 is only slightly
soluble in 1 mol/L HC1 and in this experiment the acidic
scrubber solution will retain only 2-3$ of the C-14 inventory.
All scrub solutions and the condensate which was collected in
the flask were subsequently counted by y-spectrometry and the
solutions counted using a liquid scintillation technique for
C-14*. The Cs-137 and C-14 counting results for three pyrolysis
temperatures 500°C, 75O°C and 1000°0 and for one glass-making
experiment, 1000°C are listed in Tables 7 and 8. The concentra-
tions of Cs-137 were very close to the detection limit but were
used to determine if Y contamination occurred in the scrub
solutions to be 3 counted for C-14.

In the bituminization experiment, off-gas streams were
taken from the feed port, from the product outlet and from the
condensers on the twin screw extruder as illustrated in Fig. 10.
The off-gases were bubbled through traps similar to those shown
in Pig. 9- Several bitumen-waste products were made under
various conditions of temperature, concentrations of C-14 on the
IRN-150 and loadings of IX resin in the bitumen. Off-gases were
monitored for C-14 for all runs and data is listed in Table 8.

3•3 Evaluation of High Temperature Processes for Immobi-
lization or Volume Reduction of Ion-Exchange Resins

The C-14 activities released per unit volume of resin for the
pyrolysis, glass-making and bituminization experiments were
measured as described in Section 3-2. As shown in Table 8, the
releases from the bituminization process, 0.1-0.2$, are approxi-
mately fifty times less than from the glass-making or pyrolysis
experiments, 5-10$. These lower release rates probably result
from the lower processing temperatures used in bituminizing the
IX resins. Although a dramatic increase in C-14 released (50X)
results from increasing the resin processing temperature from
^125°C to >55O°C , a temperature dependence of C-14 release from
the resins does not appear to exist above 500°C. In the
pyrolysis experiment, the fractional activity released was 12$
at 550°C, 5$ at 750°C and 8$ at 1000°C. These variations (as
well as those in the bituminization experiment) could result
from errors in accounting for total C-14 inventory:

*See Appendix II for details of C-14 analysis. In these
studies, C-14 is assumed to be released as CO2• If the C-14
were released as CH4 it is unlikely that it would be trapped
in the alkaline scrubbers. The releases measured, therefore,
could be low.

^550°C is the lowest temperature at which the maximum volume
reduction occurs.
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Nott (14), using a similar off-gas apparatus for C-14 recovery,
reported that as much as 53-5$ of C-14 initially present on IX
resin could not be accounted for. Such a high error implies
that all three C-14 releases for the pyrolysis experiment (5-12$
C-14 released) and the 8$ release of C-14 for the glass-making
experiment are approximately the same. As well, the values
obtained (0.1-0.2$) for the bituminization experiment are not
significantly different (internally). The differences in
average C-14 releases between the bituminization experiment
(̂ 0.2$ for ̂ 125°C temperature) and the elevated temperature
experiments (̂ 8$ for ̂ 500°C) are probably real, implying an
obvious benefit to be obtained by bituminizing the C-14-laden IX
resins.

Although releases of C-14 per unit of volume of resin
were approximately 8$ during pyrolysis, a permanent 5-fold
reduction in IX resin volume was achieved (the same permanent
volume reduction was achieved at all three temperatures). The
resin beads remained intact even after pyrolysis at 1000°C and
were simply reduced in size. The beads did not swell again,
even after sitting in water for 30 days- This process for
volume reduction compares favourably with the mechanical
compaction method where, although 5-fold volume reductions can
be achieved, the resin beads swell to their original size if
exposed to water. Pyrolysis has limited use for CANDU-PHW ion-
exchange resins because of the high C-14 content but it could
probably be used for pretreatment of LWR ion-exchange resins
in which the C-14 concentration is much lower.

Maximum cesium losses during the pyrolysis experiments
were 0.034$ at 1000°C as shown in Table 7. This amount of
cesium released into the condenser and traps is approximately 10
times higher than that reported by Kelly (12) using cesium-doped
zeolites. The total amount of cesium volatilized was the same,
0.01$-0.03$; however no nitrogen flow was used by Kelly, so
that 90$ of the cesium volatilized and deposited in an inverted
funnel over the crucible containing the zeolite.

If the pyrolyzed resin were immobilized in bitumen an
overall volume reduction of 60$ could be achieved.

The temperature used in the glass-making experiment was
1000°C, the maximum possible for the apparatus used. The
releases of C-14 were ̂ 8$ but the glass product formed was of
very poor quality. The good glass products reported in Section
2.3-4 were formed at 1150°C by heating the IX resins with glass-
making chemicals (same as in Section 2.3-4) for five hours in
fireclay crucibles compared with three hours for the canister
experiment. This experiment is inconclusive, therefore, in that
C-14 release was measured for improper glass-making conditions.
The glass-making chemicals do not, however, adversely affect
C-14 releases at 1000°C.
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4. SUMMARY AND CONCLUSIONS

Ion-exchange resins have been immobilized in matrices on
the assumption that no pretreatment will be done to the resin
before it is immobilized.

Cement products can be prepared in a simple, low
temperature process; hence cement's present popularity as a
means of immobilizing ion-exchange resin and other reactor low
level wastes. By waterproofing the IX resins, high loadings of
ion-exchange resin can be achieved. The waterproofing, however,
does not reduce the very high releases of Cs-137 when the
product is immersed in water. These Cs-137 releases could
possibly be tolerated if the releases of long-lived C-14 from
cement were low (C-14 release data is not presently available).
Large volume (100$) and weight increases occur when IX resins
are immobilized in cement. These increases could be tolerated
if they limit the amount of additional shielding necessary for
handling of the products.

Liquid resins offer a simple, low temperature process to
immobilize ion-exchange resins. Low releases of Cs-137 and
Co-60 and intermediate releases of C-14 were found in water.
However, the product volume is up to 100$ that of the original
waste and the products and liquid resin are flammable.

Very low releases of Cs-137, Co-60 and C-14 were
obtained when the ion-exchange resins were incorporated into
bitumen, and then contacted with water. As well, the volume
increase for bituminized ion-exchange resin products was small
(20$). Bituminization is, however, an intermediate technology,
requiring skilled operators. As well, up to 0.2$ of the C-14 on
the resin is liberated during processing because operating
temperatures range from 11O-145°C (although some of this could
be retained if the distillate wers recycled). The resulting
product is not free standing but there is no volume increase due
to swelling at the resin loadings considered,

Glasses give low leach rates for Cs-137 and Co-60 (C-14
release data is not presently available) and the volume increase
is small (20$). The process is, however, complex and expensive
for routine operation at a power station. As well, off-gases
containing about 8$ of the C-14 could limit use of the high
temperature glass process. For glass to be used as a matrix
material, the C-14 would have to be stripped (probably
chemically) before the ion-exchange materials were immobilized.
If the C-14 were stripped, however, there would be no need to
use glass for immobilizing the IX resin.
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Of the matrix ;material3 that were examined, bitumen is
probably the best compromise if ion-exchange resin is immobi-
lized without pretreatmejit. However, by directly incorporating
ion-exchange resin iji bijtumen, no volume reduction is achieved.
Volume reductions coiild pe achieved by pyrolyzing the IX resins
before bituminizing,! Further investigations are warranted to
evaluate chemical stiiippang and immobilizing the stripping
solution. Chemical stripping would allow subsequent conversion
of the wastes to prodiuce ;less soluble products such as BaCO^.
Combined with this would be the volume reduction of the stripped
resin by incinerationj or bther means to give a substantial
reduction in the wast|? volume that would go to a repository for
final disposal.
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Table 1

TYPICAL CEMENT-BEAD RESIN RECIPES WITH WATERPROOFING AGENT1

IRN-150 Resin
wt$ dry

10.4

13-5

15.9

17.7

23.1

Water

34.1

36.9

39-2

41.0

46.2

Cement
wt# dry

52.1

45-0

39-7

35-5

23.1

Waterproofer

3.4

4.6

5.2

5.8

7.6

Wet Bead Volume
in Product

vol$

30

36

40

44

53

"'"Water Extendible Polyester Resin

Table 2

RECIPE'S FOR THERMOSETTING RESI^TS-B^AD RESIN PRODUCTS

Resin Water1 Liquid Resin Promoter2 Initiator3
wt# dry wt# wt$ # #

12.5

12.5

12.5

12.5

IRN

IRN

IRN

IRN

150

154

150

154

37

37

36

36

49-5

49.5

49-5

49.5

WEP

WEP

Hetron

Hetron

0.5

0.5

0.5

0.5

0

0

1

1

.5

• 5

.0

.0

5.9 MBq of Co-60 and 9.5 MBq of Cs-137 added to each mixture

ifor IRN 150 pH value is 5-5, for IRN 154 the pH value is 10.0

^promoter for WEP is cobalt naphthenate
and for Hetron is n, n-dimethyl phthalate.

^initiator for WEP is methyl-ethyl-ketone peroxide
and for Hetron is benzoyl peroxide.
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Table 3

CHARACTERISTICS OP THE BITUMENS CHOSEN TO IMMOBILIZE
ION-EXCHANGE RESINS

Characteristic Bitumen Variety

Density, kg/L

Softening Point, °C

Penetration, mm @ 25°C

Plash Point, "C

Viscosity @ 125°C, Pa.s

Direct Distilled
Bitumen^1)

1.03

41.0

16.1

265.0

0.39

Oxidized
Bitumen

1.04

75.0

2.4

290.0

12.6

Bitumen stock used to prepare bitumen emulsion for the
wiped film evaporator

Table 4

ION-EXCHANGE RESINS INCORPORATED INTO GLASS

Resin resin

25
Linde 4A zeolite
Linde 5A zeolite
Linde 13X zeolite
IRN-77
ARC-359
IRN-150

10
30
30
30
40
30
30
30 (into modified borosilicate:

42 wt# SiO2, 10 wt# B2O3,
13 wt# Na20, 5 wt$ CaO)



Table 5

RELEASES OP Cs-137 FROM ION-EXCHANGE RESIN IMMOBILIZED IN
PORTLAND TYPE III CEMENT

WASTE

1
No pretreatment with <

polyester resin 1

Bead resin
waterproofed

wt#
RESIN
BEADS
IN THE
FINAL
PRODUCT

' 10.4
-

15.9

10.4

13-5

15-°

IN

1

30

27

17

24

29

CUMULATIVE
LEACHEI
io, AT '.

(IN

4

60

58

31

43

58

AMOUNT
) (Cs-137)
[IME INDICATED
DAYS)

11

85

84

44

61

80

25

100

99

56

77

94

Specimen Volume (average) = 45 cm3
Surface Area Exposed to Leachant Water (average) = 70 cm2
Leachant Volume = 450 mL
Cs-137 Initial Activity in Specimens (average) = 3.2 MBq

Table 6

PRODUCT CHARACTERISTICS OF BITUMINIZED ION-EXCHANGE
RESIN (IRN-150)

0

IX Resin in Product

25 33-9 40.4 51-8

Density

Softening Point, °C

Penetration, mm

Water Content, wt#

1

55

6

0

• 03

.0

.0

1

59

4

0

.06

.0

.8

.8

1.

61.

2.

0.

08

5

5

4

1

69

3

0

.09

• 5

.6

• 4

1.

71-

3-

1.

10

0

0

1



Table 7

CONCENTRATIONS OP Cs-137 IN SCRUB SOLUTIONS IN FYROLYSIS AND GLASS-MAKING
EXPIRIMENTS USING NPD RESINS

Pyrolysis
Experiment

T=55O°C

T=75O°C

T=1OOO°C

Glass-Making
Experiment

T=1000oC

Resin
Volume
(D

0.020

0.020

0.020

0.050

Cs-137
in Flask
(0.025 L) 1
Bq/L

N.D.2

96

3441

1554

Cs-137
in HC1 Scrub
(0.100 L)
Bq/L

518

N.D.

296

N.D.

Cs-137
in Scrub 1
(0.250 L)
Bq/L

1 N.D.

N.D.

N.D.

N.D.

" Cs-137
in Scrub 2
(0.250 L)
Bq/L

N.D.

N.D.

N.D.

2593

^Cs-137 Activity
released^

0.015

0.001

0.035

0.031

1 5 ml of condensate was collected in the flask in each of the Pyrolysis and Glass-making experiments.
The condenser was rinsed with 15 mL of 1 mol/L NaOH into the flask and the resulting solution diluted
to 25 mL with distilled water (final [NaOH] was ̂ 0.6 mol/L) for y counting and C-14 analysed.

detectable; detection limit of the instrument vras 90 Bq/L. Concentrations in excess of the
detection limit were found to interfere with C-14 counts.

number is anomolously high and cannot be explained.

4Cs-137 content of the moist NPD resin was 16.7 MBq/L.

VJD



Table 8

C-14 LIBERATED PROM IX RESINS IN PYROLYSLS, GLASS -MAKING AND BITUMDJIZATi'CN EXPERIMENTS

Resin
Volume

TtlTi

IRN-15O
Resin
Used
MBq/L

Total C-14
in FLask
fcBq

Total C-14
in Scrub 1

kBq

Total C-14
in Scrub 2

kBq

Average C-14
Activity Released
per mL IX Resin

kBq

C-14 Activity
released

Pyrolysis
Experiment

T=55O°C
T=75O°C
T=100O'C

20
20
20

NED

96
98
93

37.0
78.4*
68.3*

175.8
83.2

153-6

18.5
9-2
9-2

11.5
4.8
8.1

12
5

Glass-making
Experiment

T=1000oC 50 96 33-3* 392.2 4-8* 7.8

Bituminization doped
Experiment IRN-150

Outlet T=110°C 380 185 21.8
T=125"C 675 740 185-0
T=145°C 605 370 40-7

59.9
965.7
86.6

19.2
21.5
34-4

0.3
1.8
0.4

0.2
0.2
0.1

*These analyses were not added to the total C-14 inventory in the Pyrolysis and Glass making Experiments because the
the G-Y contamination was too high. Acid (HCl) scrub solutions were not added to the total inventory for the same
reason.
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v«=.

Products with no
Pretreatment of
IRN-150

Rrrr C * *"• •

Pretreated IRN-150
Products

V.

Figure 1 Ion-Exchange Resin Immobilized in Cement at Various
Loadings of Ion-Exchange Resins (after 7-day cure)
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100X

IX Beads in
Polymerized
Resin

Cellular Structure
of Polymerized
Resin
(Dis continuous
phase contained
water from resin
bead slurry)

1000X

Figure 2 Structure of Polyester-Resin Waste Products
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Figure 10 Laboratory Scale Jwin Screw Extruder Used for C-14
Off-Gas Experiments
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APPENDIX I

Calculation of 14c Releases from Immobilized
Ion-Exchange Resins

The diffusivity of 14c in bitumen can be obtained b
plotting the cumulative fraction released against

We obtained a value of De = 2.5 x 10"13 cm
2/s.

To calculate the release from a 200 L drum we made the same
assumptions presented by Bell (15), where the fraction of the
initial activity present in the environment at any instant of
time is given by

For 14c, the release from a 200 L drum of bituminized waste
(S = 1.99 x 104 cm2, V = 2.08 x 105 Cm3) at different
time periods is as follows

time, years fraction 14c released

1 3.03 x 10-4

10 9-57 x 10-4

100 2.99 x 10-5

1,000 8.50 x 10-3

10,000 9.10 x 10-3

For 14c release from polyester resins, the diffusion coeffi-
cient obtained from our data was 100 times larger than for
bitumen and thus the fractional releases are 10 times greater
than those given abov^.
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APPENDIX II

C-14 Standardization and Analysis

A standard solution was made up and analyzed by R.M. Brown,
Environmental Research Branch, Chalk River Nuclear Laboratories,
which was used to obtain the efficiency of the C-14 analyzer.

Standard Solution:

1 L of 0.1 mol/L NaOH containing C-14 as Na2 CO3.

Solution Counted:

0.1 ml STANDARD
0.9 mL of 0.1 mol/L NaOH
10 mL ScintiVerse (Fisher Scientific Co. Ltd.)

Calibration Count:

(8,283 dpm/vial) ± 3# or 138 Bq of C-14

Beckman LS-100C Count:

3,924 dpm/vial corresponds to 138 Bq of C-14

Beckman LS-100C Counter Efficiency:

47-4^

Since all of the scrub solutions are 1 mol/L in NaOH samples
were prepared for comparison with the standard solution by
mixing the following reagents:

0.1 mL of scrub solution (l mol/L NaOH, 250 mL)
0.9 mL H20
10 mL ScintiVerse

Although Greening (16) found that counting efficiancies using
Biofluor (New England Nuclear) and PCS (Amersham/Searle) as
fluor cocktails were very sensitive to concentration of sodium
hydroxide, our results illustrated in Pig. 11 using Scintiverse
(Fisher) show otherwise. As an added precaution, though, all
solutions which were counted for C-14 were adjusted to 0.1 mol/L
in NaOH by suitable dilution.
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