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ABSTRACT

Research to determine chemical and physical conditions which
could lead to thermal excursions, gas generation, and/or general
degradation of decontamination-reagent-loaded resins has shown
that IRN-78, IONAC A-365, and IRN-77 organic ion exchange resin
moisture contents vary significantly depending on the counter ion
"loading." For these resins the EDTA, picolinic acid and Fe + 2

"loaded" forms, respectively, had moisture contents lower than the
regenerated, OH" and H+ "loaded" forms. Heat- and gas-
generating reactions have occurred with two anion resins used,
IRN-78 and IONAC A-365; color changes and precipitates were also
observed. The resins were originally in the OH" form and
potassium permanganate and nitric acid were oxidizing solutions
used to produce the reactions. The extent/vigor of the reaction
is very highly dependent on the degree of dewatering of the resins
and (probably linked to this) on the method of solution addition
(dropwise or in bulk). The heat generation may be due, in part,
to the heat of neutralization (acid addition to hydroxide-form
resins) [Brumfield and Kempf, 1988]. Ferrous ion loaded cation
resins (IRN-77) showed little reactivity toward nitric acid and
potassium permanganate. In studies of the long-term compatibility
effects of decontamination waste resins in contact with waste
package container materials in the presence of decontamination
reagents, radiolysis products and gamma irradiation, it has been
found that the corrosion of carbon steel and austenitic stainless
steel in mixed bed resins is enhanced by gamma irradiation.
However, cracking in high density polyethylene is essentially
eliminated because of the rapid removal of oxygen from the
environment by gamma-induced oxidation of the large resin mass.
Ferralium-255 and TiCode-12 are not attacked even for gamma doses
up to 108 rad.

INTRODUCTION AND BACKGROUND

During operation of light-water reactors (LWRs), corrosion of metallic
components in the primary system occurs. Corrosion products are circulated
through the system by the coolant, and some become radioactive as a result
of neutron activation in the core. After years of operation, deposition of
the corrosion products within the primary system leads to a steady increase
in radiation levels. This, in turn, causes increasing difficulty during
routine maintenance of the plant because of worker exposure to radiation.

*This work was sponsored under the auspices of the United States Nuclear
Regulatory Commission.
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Some reduction of exposure to plant personnel has been or may be
achieved through the use of conventional radiation protection measures
(exposure time reduction, shielding, or employment of remote-operation
methods). However, the application of these traditional methods has not
halted a trend of generally increasing radiation exposure to plant
personnel. Accumulating evidence indicates that the design lifetime of LWRs
may not be obtained if additional action is not taken to minimize the
radiation exposure incurred during operation, inspection, and maintenance.
Chemical decontamination of the complete primary systems in LWRs has been
implemented as a practical and effective means of reducing the radioactivity
levels in the system. The Advisory Committee on Reactor Safeguards has
noted that, "...continued aging of U.S. nuclear power plants makes it likely
that the volumes of LLW from decontamination and decommissioning activities
will increase..." (letter from W. Kerr to L. Zech, November 10, 1987).

Decontamination reagent-protocols have been developed for application
to corrosion products/oxides in both the oxidizing-chemistry environment of
boiling water reactors (BWRs) and the reducing-chemistry environment of
pressurized water reactors (PWRs). In general, oxides in BWRs tend to be
low in chromium and can be dissolved in organic acid/chelating agent
mixtures such? as citric acid, oxalic acid (citrox) and EDTA (ethylene-
diaminetetraacetic acid). These mixtures can be mildly reducing. A more
strongly reducing decontamination process is the LOMI (low oxidation state
metal ion) system. The LOMI reagents act first to "soften" the oxide
coating [through electron transfer from vanadium (II) ion complexed with
picolinate/formate to iron (III) in the oxide, reducing it to iron (II)] and
then to dissolve it (through the complexing action of picolinic acid) [Wood,
1985].

For PWRs in which the corrosion products tend to be chromium-rich
oxides, the best decontamination results have been obtained in those
processes which are preceded by an oxidizing stage to convert Cr(III) to
Cr(VI), thereby inducing its release to solution. The alkaline permanganate
followed by ammonium citrate (APAC) procedure is one such pre-oxidation
stage process. Another process of this type involves potassium permanganate
in nitric acid solution. This process involves an added step of controlled
destruction of surplus reagent (permanganate) by a reducing agent; (oxalic
acid) [Pick, 1982].

These different processes will generate characteristically different
waste types and volumes of radioactive wastes. All of these processes
involve the use of complexing agents because they form selective and strong
water-soluble complexes with corrosion products.

The decontamination solutions are flushed through anion and cation
exchange resin beds after application in the reactor coolant system. This
process is carried out to remove excess decontamination reagents
(chelating/complexing agents) as well as non-radioactive and radioactive
ions/complexes. Species that could be expected in spent decontamination
solutions include the cations Mn+2, K+, Cr+3, Cr+6, Fe+2, Fe+3,
Ni + 2, Co+2; and the anions N03~, citrate, oxalate, picolinate,



formate, EDTA. Depending on pH conditions, the metal complexes (metal ion
plus complexing/chelating agent) could be cationic, anionic or neutral.
This is a consequence of the multiple electron-donating groups on various
complexing agents. These factors make decontamination waste a unique and
complicated type of low-level waste.

The overview of nuclear plant decontaminations written by Wood [Wood,
1986] shows that the majority were on BWR systems. The trend observable
from that report was seen to be dominated by London Nuclear/CAN-DECON
processes in 1983, followed by a transition period in 1984 in which NS-1,
LOMI, CITROX and CAN-DECON were all used. The most recent trend has been
toward decontamination with dilute chemicals, CITROX and LOMI processes
being dominant.

Several incidents in the recent past have called into question the
safety and acceptability of decontamination/resin waste processing. The
implications of the problems manifested in these incidents extend beyond
just the in-plant environment to the performance of such wastes at the
disposal site. Three events involved exothermic reaction and/or significant
pressurization of resin or filter media wastes during dewatering or after
placement in waste containers/iiners. Work has been initiated at BNL (Task
1) to determine chemical and physical conditions which could lead to thermal
excursions, gas generation, and/or general degradation of decontamination-
reagent-loaded resins. Further, studies are ongoing to study the long-term
compatibility effects of simulated decontamination waste resins in contact
with waste package container materials in the presence of decontamination
reagents, radiolysis products and gamma irradiation (Task 2).

RESULTS AND DISCUSSION

Task 1: Evaluation of Chemical and Physical Degradation
in Decontamination Wastes

The purpose of this task is to determine chemical and physical condi-
tions which could lead to thermal excursions, gas generation, and/or general
degradation of waste ion-exchange resins used for clean-up at nuclear power
plants. This task was initiated as a consequence of concer about three
anomalous incidents. In particular these were: a thermal excursion in
resins undergoing dewatering at Arkansas Nuclear One (sufficient heat was
produced to bring the temperature of the wastes to at least 365°F); and two
gas generation/pressurization events in resin wastes undergoing transpor-
tation from Millstone Nuclear Station and from the James A. Fitzpatrick
Nuclear Power Plant (gas pressures in the wastes were sufficient to result
in the lifting of the lid of the high integrity container shipping cask in
both cases). In all three cases, resin wastes were involved and the de-
watering process had been (or, in the case of the thermal excursion wastes,
was in the process of being) performed. The resin wastes were quite
heterogeneous and had not been thoroughly characterized. The specific
causes of these events were not identified.



A review of the events was performed (Bowerman and Piciulo, 1986) and
several possible contributing processes and/or factors were suggested based
on the minimal analytical information available from the waste generators
and on a literature review of chemical and physical reactions or changes
which ion-exchange resins may be subject to, which could lead to heat and/or
gas generation. This information forms the basis of the current research
effort.

In particular, for the right conditions, radiation-induced reactions,
biodegradation processes, and oxidation reactions may lead to heat and gas
generation as well as to nongaseous chemical products. Oxidation reactions
can occur between resin materials and a number of other chemicals including
halogens, dichromate, permanganate, or nitric acid (vendors of these resins
specify that exposure to these chemicals should not occur). These chemicals
or others potentially reactive with resin materials may be present in resin
wastes either as components on the resin or as products of radiolysis, bio-
degradation, or other chemical reaction occurring at some stage in the waste
resin generation lifetime. Explosive oxidation reactions have occurred
between resin materials and concentrated nitrates/nitrites (Miles, 1968).

This work is being carried out to provide information to allow determi-
nation of whether such events could happen in the future, either during
storage or processing at the plant, during transportation or at the final
disposal site. The plan for this task has involved setting up a simplified
experimental system in which heat and/or gas generation as well as color
changes, precipitates or other signs of chemical reaction can be observed.

Specifically, IRN-78 and IONAC A-365 anion and IRN-77 cation resin
batches were regenerated and their moisture contents in regenerated form
were determined. Then, these resins were "loaded" with typical reagents or
species that would be expected to be caught on the resins from a decontami-
nation campaign; for anion resins, picolinic acid and ethylenediaminetetra-
acetic acid (EDTA) were used, while for cation resins, ferrous ions were
used. The equilibrium moisture contents of these loaded resin forms were
also determined.

Once batches of regenerated and decontamination reagent-loaded (or, in
the case of the cation resins, metal ion-loaded) resins had been prepared,
they were subjected to addition of oxidizing chemicals, in particular nitric
acid and potassium permanganate solution. These additions were carried out
in several ways: (1) in small increments coupled with monitoring of changes
in pH of the resin slurry to allow observation of the exchange with nitrate
and with permanganate for the regenerated form of the anion resins; (2)
dropwise and in bulk to allow observation of the effect of oxidizing agent
amount and also of the heat generation and absorbance taking place in the
resin slurry; and (3) with intermittent dewatering by vacuum aspiration
between additions of nitric acid and potassium permanganate to simulate the
dewatering which was known to have occurred in the heat and gas generating
incidents described earlier. The results of these procedures are given in
the following sections.



Regeneration, Reagent Loading, and Moisture Content Determinations
[Brumfield and Kempf, 1988; Kempf, et al, 1988]

The moisture content of the regenerated resins (hydroxide and hydrogen
ion forms for anion and cation resins, respectively) and the "loaded" resins
was taken for each resin type as the difference in weight between the de-
watered (vacuum-aspirated) state and the oven-dried state. Figure 1 shows
the results of this determination for the regenerated and "loaded" resins.
The average moisture content for IRN-78/0H" resins was 69.9%; for
IRN-77/H+, 55.9%, and for IONAC A-365/0H" resins, 46.5%. These results
are in agreement with those reported by Rohm and Haas (Siskind, 1987). The
average moisture content for IRN-78 resins loaded with EDTA was 47.0%; for
IRN-77 resins loaded with Fe+2, 47.7%, and for IONAC A-365 resins loaded
with picolinic acid, 32.8%.

A comparison of values in Figure 1 shows that, for IRN-77. the moisture
content of the H+ form is -8% higher than that for the Fe+*-loaded form.
The +2 charge on the iron means that only one-half as many ions (Fe+2) may
occupy the fixed ionic sites of the resin as compared to the +1 charge on
the hydrogen ion. This may lead to a decrease in total associated
"hydration" moisture attached to the Fe + 2 versus that attached to H+.

The anion resin, IRN-78, exhibited a moisture content of 69.9% for the
OH" form versus 47% for the EDTA form. The EDTA molecule is considerably
larger than the hydroxide ion. It is also capable of existing in a number
of ionic states, +2 to -4, depending on the pH (Peters, et al, 1974).
Around neutral pH, the principal forms of EDTA are the -2 and -3 states.
Compared to hydroxide ion (whose charge is -1), two or three times as many
fixed ion sites could be occupied by EDTA as by hydroxide ion. There would
thus be expected to be less total associated "hydration" water with a lower
net counter ion population.

Similar results occurred for the IONAC A-365 resins loaded with
picolinic acid. The picolinic acid group is expected to have a -1 charge
identical to hydroxide ion, however, it is a much larger molecule and may
therefore allow accommodation of less associated water in the resin
structure than hydroxide ion.

Picolinic Acid Loading of Resins

The picolinic acid decontamination reagent loading of the IRN-78 and
IONAC A-365 resins used for this task has been studied in detail because
picolinic acid itself has a very low dissociation constant, -10"6.
Under conditions such as these, achieving even a 50% resin loading would
require a tremendous amount of picolinic acid solution unless, as is
theoretically expected, the uptake of picolinate by the resins drives the
picolinic acid equilibrium toward dissociation. The process, as it is
thought to occur, is summarized below:

(A) Picolinic Acid, x«-» Picolinate/ * + Ht % K-10"6

(B) Resin-[0H] + Picolinate/ \—•- Resin [Picolinate] + 0H~ K=?
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The cycle (A)(B)(A)(B) proceeds until the resins have taken up as much
picolinate as they can; in the process, the picolinic acid dissociates
significantly.

Ten-gram regenerated, vacuum-aspirated samples were taken of IRN-78 and
IONAC A-365 resins. These were equilibrated with two different
concentrations of picolinic acid, one corresponding to a theoretical 100%
loading of the 10-gram sample and the other corresponding to a theoretical
50% loading of the 10-gram sample used. The theoretical loadings were
calculated based on reported exchange capacities of 1.76 meq/gram of IRN-78
and 5.28 meq/gram of IONAC A-365. Extents of picolinate loading were
determined through (spectroscopic) measurement of picolinate remaining in
the supernatant above the 10-gram resin samples after equilibration for 1,
2, and 9 days with and without stirring. The longer the equilibration time,
the more picolinate was loaded on the resins and the lower the moles of
picolinic acid remaining in the supernatant.

Table 1 provides a summary of the extent of loading of picolinate that
can be achieved on IRN-78 and IONAC A-365 resins.

Table 1 Uptake of Picolinate for IRN-78 and IONAC A-365 Resins
Equilibrated with Picolinic Acid Solution

Type
Resin

IRN-78

IONAC A--

Theoretical
Loading

%

50
100

50
100

Average
Supernatant

Picol inic Acid
(Moles)

3.16 x 10"5

2.96 x lO-3

1.41 x lO-3

1.67 x lO-2

Total Picol inic
Acid Added

(Moles)

8.77 x lO-3

1.76 x lO-2

2.64 x lO-2

5.28 x lO-2

% PA Loaded
on Resins Follow-
ing a 9 day Equil.

Period

99.6
83.2

94.7
68.4

These results show that 50% loading may be accomplished to 99.6% and
94.7% completion and 100% loading can only be achieved to 83.2% and 68.4%
for IRN-78 and IONAC A-365 resins, respectively.
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Exchange with Nitric Acid and with Potassium Permanganate

IRN-78 and IONAC A-365 anion resins were equilibrated with small
increments of nitric acid while the pH was being monitored. The resins were
originally in the 0H~ form. When nitric acid was added, they exchanged
their OH" ions for N03" ions. The liberated OH" ions were neutralized
by the H+ from the nitric acid. These reactions may be described by the
following three equations:

H+(aq) + N 0 M a q )

0H"(resin) + N 0 3 " ( a q ) ~ N°Mresin) + 0H'(aq)

0H"(aq) + H + ( a q ) ~ - M (3)

IONAC A-365 and IRN-78 resins titrated with 3M HN03 produced the titra-
tion curves given in Figure 2. These are similar in shape but different in
relative position. The N03" ions were taken up by both the IRN-78 and the
IONAC A-365 resins, while the OH" ions were being released. At the same
time, the OH" ions were being neutralized by the H+ ion of the nitric
acid, thus decreasing the pH of both resins. The shift of the titration
curve of the IRN-78 resin to the right indicates that the IRN-78 resins are
capable of taking on nitrate ion more readily than the IONAC A-365 resins.
The initial pH of the IRN-78 resins was -13. This would indicate that
compared to the IRN-78, the IONAC A-365 resins were somewhat hesitant about
giving up their OH" ions; the IONAC A-365 initial pH was about 9.

IRN-78 and IONAC A-365 resins were also titrated with 0.04M potassium
permanganate (the initial pH of the permanganate solution was 6.6).

The results of this experiment are given in Figure 3. The resins were
originally in the CM" form. When permanganate ions were added, the resins
exchanged their OH" ions for MnO^" ions. The characteristic purple
color of permanganate disappeared as the resins exchanged OH" for
MnO^". When the purple color of MnO^" persisted for several minutes, it
was assumed that the maximum amount of permanganate had been taken up by the
resins and thus, the permanganate remained in the supernatant layer. These
reactions may be described by the following expressions:
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KMnO, ̂  K+ ( a q )

0H(resin) + M n ° M a q ) ^ 0H'(aq) + Mn°Mresin) (5)

The liberated hydroxide ions were not neutralized in this titration. As a
result, the pH of both the IRN-78 and IONAC A-365 resins increased.

The IRN-78 resins remained at high pH for extended periods during these
studies. Sorption phenomena are enhanced on these types of resins under
these conditions [Moody and Thomas, 1972]. It is believed that some sorp-
tion of both permanganate and nitrate ions occurred during these studies,
since exchange capacities indicated from the titration curves are
considerably larger than expected.

Results of Nitric Acid and Potassium Permanganate Addition to Regenerated
and to Reagent-Loaded Resins' LKempf, et al, 1988]

In preliminary reaction studies, oven-dried and vacuum-aspiration
dewatered samples of regenerated (0H~ form) IRN-78 and IONAC A-365 resins
were subjected to bulk (5 ml) and dropwise additions of potassium perman-
ganate (-0.04M) and nitric acid (3M). This was carried out in a test
tube. The results of these experiments are summarized in Figure 4.

A comparison of the reaction results for oven-dried resins versus
dewatered (vacuum-aspirated) resins upon nitric acid addition shows that the
drying of the resin does have an effect on the extent of the reaction of the
resins with HNO3.

A comparison of the reaction results for dropwise addition of nitric
acid versus bulk addition of nitric acid shows that the way in which the
nitric acid is added also has a strong bearing on the extent of the
reaction.

Resins treated with potassium permanganate reacted to a lesser extent
than those treated with nitric acid. Both chemicals are oxidizing agents
but a comparison of their relative oxidizing "strength" is not appropriate
since the concentrations varied by nearly two orders of magnitude, i.e., the
nitric acid was much more concentrated than the permanganate.

The next round of experiments involved two new parameters compared to
these preliminary studies, namely: resins were "loaded" with picolinic
acid, EDTA or Fe+2; and dewatering by vacuum aspiration was performed
intermittently during the study. For example, in a test of bulk addition of
nitric acid to IRN-78 resins loaded with picolinic acid, the resin batch

11



Reactions with KMnO^ and HN03

I0NAC-A365/0H-
(oven-dried)

KMnO.
(bulk)

small amount of heat
water layer and black
MnO2 present
upper beads swelled

IRN-78/0H"
(oven-dried)

KMnO,, .
(bulk)

small amount of heat
water layer and black
MnO2 present

I0NAC-A365/0H"
(oven-dried)

HNO,
(bufk)

steam-like gas
upper beads swelled

IRN-78/0H-
(oven-dried)

HNO, .
(bufk)

bubbled and foamed
slight smoke

IONAC-A3C5/OH-
(dewatered)

HN03

(dropwise)
no reaction

IRN-78/0H-
(dewatered)

HNO 3 —
(dropwise)

distinct color change
(brownish - yellow)

I0NAC-A365/0H"
(oven-dried)

HNO3
(dropwise)

small amount of heat

IRN-78/0H"
(oven-dried)

HNO3
(dropwise)

traces of smoke

Figure 4 Summary of Reactions of Resins with Potassium
Permanganate and Nitric Acid Solutions.
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would be dewatered after each of three 3ml acid additions. In the experi-
mental set-up for these studies, a Buchner funnel was set on a side-arm
Ehrlenmeyer flask attached to a pump. This arrangement facilitated addition
of the nitric acid and potassium permanganate solutions to the resin
batches, measurement of temperature changes in the resin during, and it
allowed color change or precipitates in the resins and in the eluates to be
seen easily.

A very large number of individual experiments have been carried out,
sixty-two to date. These correspond to:

• anion resin types IRN-78 and IONAC A-365, each "loaded"
with 50% and 100% theoretical full loadings of picolinic
acid and also each loaded to 100% theoretical full
loadings of EDTA; the cation resin IRN-77 was given a 100%
theoretical full loading of Fe + 2 from ferrous sulfate
solution.

• dropwise (total of 150 to 200 drops in three stages) and
bulkwise (three separate 3ml) additions of 3M nitric acid
and -0.4M potassium permanganate individually and then
sequentially, i.e., nitric acid followed by potassium
permanganate.

• original oven-drying or vacuum-aspiration dewatering of
the loaded resins; and

• vacuum-aspiration between additions of nitric acid and
potassium permanganate,

Observations made in each of these experiments included: (1) resin bed
temperature; (2) resin slurry and eluate pH; (3) resin slurry and eluate
color; (4) precipitate color and quantity, and (5) presence of vapors or
fumes. An abbreviated table of results is given for 100% picolinic acid-
loaded resins, Table 2. The first column of the table gives the resin type
and whether it was oven-dried or vacuum-aspirated initially. The second
column contains the oxidizing chemical added (nitric acid or potassium
permanganate). The third column is broken into four parts corresponding to:
(a) whether vapors or fumes were observed, (b) maximum change in tempera-
ture, (c) color changes in the resin bed, and (d) presence of precipitates.
The largest temperature changes (most heat generation) were observed for
nitric acid addition to initially oven-dried IRN-78 and IONAC A-365 resins.
Under these conditions, a white precipitate was also observed in the resin
batch. Smaller temperature changes, less precipitate and more resin bed
color changes were observed for initially vacuum-aspirated resins. Potas-
sium permanganate addition lead, in general, to resin color changes, to
small amounts of vapor/fumes, and to little heat generation.

Similar results were obtained for the EDTA-Loaded resins and for Fe+2

loaded IRN-77 resins, i.e., the largest temperature changes occurred with
initially oven-dried resins and when nitric acid was added.
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Table 2 Nitric Acid and Potassium Permanganate Additions to Oven-Dried and
Vacuum-Aspiration Dewatered IRN-78 and IONAC A-365 Resins Loaded
with Picolinic Acid

Resin

Oven-Dried

IRN-78

IRN-78

IONAC A-365

IONAC A-365

Vacuum-Aspi rated

IRN-78

IRN-78

IONAC A-365

IONAC A-365

Added
Chemical

Nitric Acid (NA)

Potassium Perman-
ganate (PP)

NA

PP

NA

PP

NA

PP

Vapor/
Fumes

None

Some

None

Some

Some

Little

Little

Little

n

At
(°C

15

0

9

0

3

0

5

0

Effects" Observed
Color

) Change

None

None

Cream-
light
brown

None

Orange-
light
yel1ow

Light-
dark

None

Yellow-
brown

Precipitate(s)

White

White

White

Reddish

None

None

White

None
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White precipitates were observed for all initially oven-dried,
picolinic acid-loaded (50% and 100% theoretical loadings) IRN-78 and IONAC
A-365 resins. For the initially vacuum-aspirated batches, only the IONAC
A-365 picolinic acid-loaded resins gave a precipitate when nitric acid was
added. For EDTA-loaded resins, a different effect was observed: all of the
initially vacuum-aspirated resins showed white precipitates while only one
type of the oven-dried samples did, namely: IONAC A-365 (50% and 100%
theoretical EDTA loadings) when both nitric acid and potassium permanganate
had been added. No precipitates were observed under any conditions for the
Fe + 2 loaded IRN-77 resins.

Slight resin color changes were observed in a number of cases across
the whole spectrum of sample types. The eluate and resin slurry pH values
were, as expected (given the addition of nitric acid), quite low: eluates,
pH 2.8 to <1; and resin slurries, pH 3.3 to <1.

Control tests were run on regenerated resins (0H~ form for anion
resins IRN-78 and IONAC A-365, H+ form for cation resin IRN-77). It was
hoped that the magnitude of the heat generation contribution could be found
from resin hydration and/or neutralization. The results of these tests are
given in Table 3. Oven-dried and vacuum-aspirated IRN-78, IONAC A-365 and
IRN-77 regenerated resins were separately subjected to addition of: (1) de-
ionized water; (2) nitric acid; and (3) potassium permanganate. The results
indicated that little heat of hydration is involved while neutralization
heat may be significant. No precipitates were observed, however, on nitric
acid addition. This is to be expected since the "product" of the exchange
(and the neutralization products, simultaneously) is H20.

From this, it is believed that the precipitates observed on addition of
nitric acid to picolinic acid-loaded (or EOTA-loaded) resins were solid
picolinic acid (or solid EDTA, respectively). These precipitates, will be
analyzed to cofirm this. Some of the heat evolved in these systems would
have been neutralization heat. Potassium permanganate addition to the
regenerated control resin batches had very little effect.

SUMMARY

IRN-78, IONAC A-365, and IRN-77 organic ion exchange resin moisture
contents vary significantly depending on the counter ion "loading." For
these resins the EDTA, picolinic acid and Fe + 2 "loaded" forms, respec-
tively, had moisture contents lower than the regenerated, OH" and H+

"loaded" forms. Heat- and gas- generating reactions have occurred with two
anion resins used, IRN-78 and IONAC A-365; color changes and precipitates
were also observed. The resins were originally in the 0H~ form and
potassium permanganate and nitric acid were oxidizing solutions used to
produce the reactions The extent/vigor of the reaction is very highly
dependent on the degree of dewatering of the resins and (probably linked to
this) on the method of solution addition (dropwise or in bulk). The heat
generation may be due, in part, to the heat of neutralization (acid addition
to hydroxide-form resins) [Brumfield and Kempf, 1988]. Ferrous ion loaded
cation resins (IRN-77) showed little reactivity toward nitric acid and
potassium permanganate.
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Table 3 Control Test Results

Resin

IRN-78 (0D)a

IRN-78 (VA)b

IONAC A-365 (OD)

IONAC A-365 (VA)

IRN-77 (OD)

IRN-77 (VA)

Deionized
Water

None

None

Heat

None

None

Nitric Acid

Heat, Fumes

Heat, Color
Change

Heat

Heat

Heat

a OD = Oven-dried
b VA = Vacuum-aspiration dewatered

Potassium
Permanganate

Murky Eluate

Precipitate
(brown-black)

ii

ii

n
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Task 2: Compatibility of Container Materials with Decontamination Wastes

This task was initiated to evaluate the compatibility of a range of
container materials with a simulated decontamination resin waste. The
materials include Ferralium 255 (a duplex stainless steel), TiCode-12 (a
dilute titanium alloy), Types 304 and 316 stainless steel, carbon steel, and
high-density polyethylene. The carbon steel coupons were added after the
first irradiation cycle when some of the original specimens were deemed
surplus and removed to provide space. Thus, the carbon steel specimens were
exposed to resins which had been pre-irradiated to approximately 5 x 10 7

rad.

The resin decontamination waste chosen for this task simulates a
potential Low Oxidation-State Metal Ion (LOMI) process waste. The reagents
used in this process promote rapid dissolution of surface oxides by changing
the oxidation state of the metal ions, e.g., Fe(III) to Fe(II). By
definition, LOMI reagents contain 1) a reducing metal ion and 2) a chelating
ligand (Bradbury, 1982). The vanadous picolinate/formate system is one such
reagent which has been successfully applied to full scale reactor
decontamination. Because of its superior decontamination capability and the
relative non-aggressiveness of the medium, it is one of the most important
reagents for present decontaminations. The simulated LOMI resin waste used
in this study consists of two volumes of IONAC A-365 anion resin to one
volume of IRN-77 cation resin. The IONAC A-365 is loaded with both
picolinate and formate ions whereas the IRN-77 is always in the as-received
H+ form. The initial moisture content of the mixed bed resin was 47.3
percent by weight. Full details of the resin preparation procedure are
given elsewhere (Adams and others, 1988).

To check how corrosion is influenced by gamma irradiation (which is
present in most types of low level waste) and by the presence of organic
reagents on the resin, four types of corrosion test were initiated:

a) corrosion in mixed-bed resins with the anion
component loaded with picolinate/formate cation
resin in the H+ form;

b) corrosion in as-received mixed-bed resins (i.e.,
anion resin in the hydroxide cation resin in the
H+ form;

c) similar to (a) but in the presence of a gamma field
of about 1 x 10** rad/h; and

d) similar to (b) but in the presence of a gamma field
of about 2 x 101* rad/h.

The four resin beds were contained in glass vessels measuring
7.0 cm ID x 30.5 cm in height. Metallic specimens were placed horizontally
in two layers, one resting on the flat base of the vessel and covered by
resin, and another near the middle of the resin bed where specimens we^e
contacted on both sides by resin.
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The high density polyethylene (Marlex CL-100) specimens were made from
strips measuring 10.2 x 1.25 x 0.32 cm. They were bent into a "U-bend" con-
figuration by bending them and fastening the two ends with steel nuts and
bolts. In the molding of the drum from which the specimens were cut, one
side of the drum becomes oxidized by air. When the oxidized material is on
the outer surface of a U-bend specimen, cracks are formed because of the
lower ductility. When the non-oxidized material is on the outer bend
surface, nc cracking is present. Additional crack propagation during
testing was studied for samples with both oxidized (cracked) surfaces and
non-oxidized (uncracked) surfaces on the U-bend specimens. The polyethylene
specimens were placed between the two metallic specimen layers with the apex
of each U-bend facing upward.

The res in/container material irradiation systems were mechanically
sealed so that gas generation could be monitored continuously. In the case
of the unirradiated controls, the glass vessels were sealed with a "Para-
film" plastic sheet.

Gas Generation During Irradiation

During the first week of irradiation, the pressures in the irradiated
systems containing simulated LOMI resin wastes and the as-received unloaded
resins showed a pressure drop of about 20 percent, after which the pressure
began to increase at a linear rate. The initial pressure drop is caused by
the scavenging of oxygen in the original air environment by the resin
beads. It is well-known that gamma-induced oxidation of polymeric materials
can reduce oxygen levels to low values. Analysis of gases throughout the
irradiation cycles shows that oxygen levels drop to less than 1 percent of
the total pressure. The pressure increase is caused by hydrogen and carbon
monoxide generation. For the simulated LOMI resin wastes, the H2/C0 ratio
is nuch larger than that for the control resins.

Corrosion Analysis

At the end of the second examination of the irradiated container
materials, a dose of 1 x 10 8 rad had been accumulated. No corrosion was
noted for the Ferralium and the TiCode-12 which remained bright and shiny.
The relevant unirradiated controls were similarly unaffected. Only the
austenitic stainless steel and carbon steel showed evidence of attack.

Figure 5 shows Type 304 stainless steel coupons which have been
irradiated to 1 x 10 8 rad in the presence of simulated LOMI decontamination
waste resins. Two of the specimens were from the top layer in the resin
column and the other two were in the lower layer. The spot-type localized
attack is usually more pronounced for specimens in the bottom layer (see
Specimen 13). This is likely to be connected with the higher levels of
moisture on resins near the bottom of the column. It was found that
additional corrosion spots had been initiated since the last examination
which was for an accumulated dose of 5 x Id7 rad. Each spot was caused by
contact with an individual cation resin bead. Since the resins in contact
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with the steel were an orange-brown color, it is speculated that the
corrosion mechanism involves the replacement of H+ on the IRN-77 resin by
Fe2+ from the stainless steel. A film of moisture at the contact point
between the resin and the stainless steel facilitates ion exchange. This
liquid is typically very acidic based on work by [Swyler and Weiss, 1981]
who found that the pH approached 1.0 for a gamma dose of 109 rad.

Figure 6 shows Type 304 stainless steel control specimens which were
exposed for 412 d to LOMI-resins in the absence of irradiation. The
specimens were shiny, with little evidence of corrosion.

Type 304 stainless steel irradiated to 1 x 108 rad in the presence of
as-received mixed-bed resins (i.e., non-LOMI waste) also showed spot
corrosion similar to that described above. This would be expected since the
resin component causing attack appears to be the IRN-77 cation resin which
is in the H+ form for all four test conditions.

Data for Type 316 stainless steel show basically similar corrosion
effects to Type 304. However, the amount of corrosion in the former is
significantly less as would be expected based on its higher nickel and
chromium contents.

Carbon steel showed very marked attack for all test conditions.
Figures 7 and 8, for example, show specimens exposed to LOMI-type resins for
irradiated (5 x 10 7 rad) and unirradiated conditions, respectively. The
depth of attack at the resin contact points is far greater than for Type 304
stainless steel. The most severe attack was for a specimen on the bottom
layer of samples which had been irradiated. Apparently, extra moisture and
irradiation enhance attack.

Attack was also noted for carbon steel exposed to non-LOMI
(as-received) mixed bed resins and irradiated to 5 x 10 rad. The attack
appeared to be less regular than that shown in Figures 7 and 8, but it was
severe in regions of the specimen surface where it was present.

High-density polyethylene U-bend specimens were examined after
irradiation doses of about 5 x 10 7 and 1 x 108 rad. The appropriate
unirradiated controls were examined also. The examination involved
carefully studying changes in crack patterns at the stressed apexes of the
bent specimens to check for crack initiation and propagation of cracks that
were initially present as a result of the bending. Figures 9 and 10 show
crack patterns sketched from the apexes of polyethylene specimens which were
in contact with LOMI-type resin waste. Only specimens which had oxidized
material on the apex showed cracking effects; non-oxidized material remained
uncracked.

In Figure 9, it may be seen that no crack propagation occurred after an
irradiation to 1 x 10 8 rad over a period of 412 d. This is in contrast to
non-irradiated polyethylene which, over the same period, showed both new
crack initiation and the growth of existing cracks. This lack of crack
propagation in irradiated systems is associated with the rapid loss of
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TOP
LAYER

BOTTOM

LAYER

Figure 5 Effect of Gamma Irradiation (108 rad) on the Corrosion of
Type 304 Stainless Steel in the Presence of Mixed-Bed Ion-
Exchange Resins. Mag. 2.5X.

TOP
LAYER

BOTTOM

LAYER

Figure 6 Corrosion of Type 304 Stainless Steel After 412 Days
Exposure to Mixed-Bed Ion-Exchange Resins Loaded with
Simulated LOMI Reagent. Mag. 2.5X.

20



Figure 7 Severe Local Corrosion on Carbon Steel After I rradiat ion to
5 x 107 rad in the Presence of Mixed-Bed Ion-Exchange Resins
Loaded with Simulated LOMI Reagent. Specimen was 1n the
Lower Layer of Samples. Mag. 4X.

Figure 8 Local Corrosion of Carbon Steel After 208 days'
Exposure to Mixed-Bed Ion-Exchange Resins Loaded with
Simulated LOMI Reagent. Mag. 4X.

21



(a)

(b)

(c)

Figure 9 Cracking in the Oxidized Surfaces of Marl ex CL-1OO HDPE
U-Bend Samples Placed in Contact with LOMI-Loaded Mixed-Bed
Resins; (a) Crack Patterns at Start of Testing, (b) Crack
Patterns After Irradiating for 204 d to 5.0 x 107 rad,
(c) Crack Patterns After Irradiat ing for 412 d to 1 x 108

rad. Specimen Numbers Given Above Each Sketch.
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Figure 10 Cracking in the Oxidized Surfaces of Marlex CL-100 HDPE
U-Bend Samples Placed in Contact with LOMI-Loaded Mixed-
Bed Resins; (a) Crack Patterns at Start of Testing,
(b) Crack Patterns After 204 d Without I r rad iat ion,
(c) Crack Patterns After 412 d Without I r radiat ion.
Specimen Numbers Given Above Each Sketch.

23



oxygen noted earlier. Degradation of many polymers is associated with a
synergistic effect between irradiation and oxygen (Gillan and Clough,
1981). When oxygen is unable to react with polymer chains which have
undergone irradiation-induced scission, the ductility losses normally
expected in oxygen-containing environments become small or negligible.

Summary

The corrosion of carbon steel and austenitic stainless steel in mixed
bed resins is enhanced by gamma irradiation. However, cracking in high
density polyethylene is essentially eliminated because of the rapid removal
of oxygen from the environment by gamma-induced oxidation of the large resin
mass. Ferralium-255 and TiCode-12 are not attacked even for gamma doses up
to 108 rad.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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