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ABSTRACT

A cation exchange resin, developed at the Savannah River Technology Center, has been

tested for its ability to remove the cesium ion from simulants of highly alkaline liquid

nuclear wastes found at the Savannah River Site, Oak Ridge, and Hanford. The resin is a

condensation polymer of the potassium salt of resorcinol and formaldehyde. It removes

milli- and micromolar amounts of Cs+ from solutions that contain as high as 11 molar

Na+. For Savannah River Site (pH = 14) _mdOak Ridge (pH = 13) simulated wastes, the

resin appears to ion exchange rapidly using only one of the -OH functional groups on the

resorcinol. For Hartford 101-AW simulant (5.6 M free OH-), both the first and second

-OH functional groups appear to be a_'vated, though the kinetics associated with the

second group are slower than for the fii'_t. The resin can be eluted using acid. Small

column tests indicate that approximately 200 column volumes of Savannah River

simulant and 205 column volumes of Oak Ridge Melton Valley Storage Tank 25

supernatant simuilant can be processed before the resin requires regeneration. For these

two wastes, a carousel arrangement of two columns in series and a third in reserve can be

used effectively in a process. Hanford 101-AW simulant generates a less sharp

breakthrough profile with this resin, though an operation using a maximum of three

columns in series with another column off-line for regeneration would t_ effective if the

resin beds are allowed to reach about 90% breakthrough before taking them out of

service, l_arameters that effect the performance of the resin with a particular feed

solution are the concentrations of the two primary ions of interest, Cs + and Na+, as well

as the concentrations of K+ and OH-. A further ramification of the hydroxide ion

concentration is its role in assisting oxidation of the resin, thereby destroying its

usefulness in cesium removal. Although the performance of the resin is unaffected at

doses of 1 E+8 rad ionizing radiation, it shows noticeable degradation after storage for

100 hours in alkaline solutions, generating quinone and ketone groups, as determined

from C-13 NMR and by an increase in total organic carbon content of the contacting

solution. Gases detected from the radiolysis of the resin/simulant mixture are carbon



dioxide from the resin, N20 from nitrate in the simulant, and H2 possibly fromresin and

simulant. Oxygen depletion in the mixture results from radiolysis and chemical

degradation.

INTRODUCTION

One of the main goals of the U.S. Department of Energy (DOE) Underground Storage

Tank - Integrated Demonstration (USTID) has been to develop and ciemonstrate

technologies for the removal of radioactive cesium and strontium from alkaline high-level

radioactive wastes stored at Hartford, the Savannah River Site (SRS), and Oak Ridge (1).

A resorcinol-formaldehyde condensation polymer, developed at the Savannah River

Technology Center (2) for its selective removal of cesium ion from waste solutions that

are highly concentrated in hydroxide, sodium, and aluminum ions, has been a focus of

several studies (2-4). The purpose of this investigation was to determine the performance

of the resin in column operations during an ion exchange pretreatment process for Cs-

removal from SRS supernate, Hanford 101-AW supernate, and Oak Ridge Melton

Valley Tank 25 and Tank 29 solutions. In'small column tests, measured amounts of the

resin were contacted with simulants of .thOsethree waste solutions to provide information

about the volumes of each that can he i_rocessed. Stripping of cesium ion from the

saturated resin was performed using nitric acid to determine the re,sin'selution properties

and the chemical composition of the eluate. In addition to the sorption and desorption

behavior of the resin, other factors such as radiolytic stability and gas generation, thermal

stability, and chemical stability, that have been addressed in other studies (5, 6) must be

considered in an overall ion exchange pretreatment process for actual waste.

WASTE COMPOSITIONS

o

The comp6sition of simulants of the three main wastes tested can be found in Table 1.

Although the solutions are composed of essentially the same chemicals, with few

exceptions, the concentrations of the components range from the very concentrated

Hanford simulant to the much more dilute Melton Vally solution. All three have very

large initial [Na+]/[Cs +] ratios, pH's greater than 12, and, for SRS and Hanford

simulants, significant concentrations of A13+. The other parameter of importance is the

K+ concentration. It is the highest in the Hanford 101-AW simulant and lowest in SRS
simulant.
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A simulant of Oak Ridge Tank 29 waste was also tested on a small column. The

composition of that simulant is found in Table 2. Relative to the compostion of Melton

Valley Tank 25 waste, the Tank 29 waste has a lower sodium ion concentration but a

much higher potassium ion concentration.

Table 1. Three Simulant Compositions

.....Concentration (Moles/L)

SRS
Chemical Hanford 101-AW .High-Level Waste MeltonVall_y Tank-25

NaOH 7.10 2.90 0.24
AI(NO3)3 0.50 0.38 0.005
NaNO3 2.40 1.20 4.00
NaNO2 1.10 0.71 0.10
Na2CO3 0.21 0.20 .....
Na2SO4 0.01 0.17 .....
KNO3 ..... 0.012 0.25
CsNO3 1.4E-4 2.4E-4 8.7E-6
KOH 1.1 ..........
Zn(NO3)2 0.001 ..........
CaCO3 ........... 0.001
Cs-137 trace : •, trace trace

:"

TOTAL [Na +] 11 5.6 4.3

Table 2. Melton Valley Tank 29 Simulant a

Chemical MeltonValley Tank-29

NaOH 0.06 .
Al(NO3)3 1.6E-4
NaNO3 3.20
NaNO2 _ - .....
Na2CO3 " 0.10
Na2SO4 0.052
KNO3 0.43
CsNO3 2.6E-6
Cs-137 trace

TOTAL [Na +] 3.6

a From an analysis, supplied by Z. Egan of Oak Ridge National Laboratory, of Tank 29
waste
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EXPERIMENTAL

Resin Column Operation

Samples of the K-form, as received from the manufacturer,were washed with 2 M NaOH

and with deionized water, and were then allowed to reach constant weight by air-drying.

This process has the purpose, in addition to washing any manufacturing residue from the

resin, of converting the K-Form to the Na-form. Earlier analyses of the Na-form of the

resin, however, have shown that only a fraction of the potassium ion on the resin is

exchanged for sodium ion in this process. (2)

A sample of air-dried resin was placed in a graduate cylinder containing either 6 M

NaOH (for the Hanford 101-AW studies) or 2 M NaOH (for SRS and Oak Ridge tests)

until the resin exhibited no further swelling. The purpose of this exercise was to match

the hydroxide concentration of the treatment NaOH with that of the feed to be used so

that resin swelling would be optimum and so that the introduction of the feed would not

result in precipitation of AI(OH)3 at the interface of the two solutions.

A measured volume of swollen resin._usually 2 mL) was removed from the graduate

cylinder and transferred to a small column containing the same concentration of NaOH

that had been used to condition the resin. The columns used had an inside diameter of

0.90 cm The 2 mL columns had a bed depth of 3.1 cm and the 5 mL columns had a bed

depth of 7.9 cm. The NaOH was removed until the level had reached the level of the

resin in the column. Then the feed solution was pumped downflow through the column

at a five milliliters per hour. Samples of treated effluent were collected and the,V
concentration of Cs-137 was measured in each fraction by gamma counting. The

detection limit for the gamma counter is 1 E-5 Ci/mL (3.7 E+SBq/mL).

When Cs-137 breakthrough had been acheived, the feed solution was discontinued and

three column volumes of NaOH, of the same concentration used for preconditioning,

were processed downflow through the resin to force interstitial feed solution out of the

column without causing the precipitation of aluminum ion. Then, three column volumes

of deionized water were used to remove the NaOH. These process steps were all

accomplished in a downflow mode.
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Elution with 0.5 M HNO3 was accomplished by pumping elutriant in the upflow mode at

5 mL per hour. Fractions of eluate were collected at regular intervals and analyzed for

their Cs-137 content by gamma counting.

When elution was complete, another three column volumes of deionized water were

pumped downflow to remove the residual acid in the resin. Then, three column volumes

of the appropriate concentration of NaOH were introduced in a downfi0w mode to

remove the water and allow the resin to swell so that it would be ready to receive another

batch of feed. The total cycle was repeated twice with the Hartford feed.

In a special test, Hanford 101-AW was treated using four columns in series. The resin

beds in this test each had a volume of 5 mL. Flow rates for feed and elution steps were

10 mL per hour in each case. The simulant contained no Cs-137 so analysis of Cs + in all

solutions was done by atomic absorption spectroscopy. Sampling of treated effluent was

done between columns and after the last column.

RESULTS :.

Oak Ridge Tank 25 and Tank.29 Sinm|ants

Breakthrough curves comparing the two different Oak Ridge feed solutions are shown in

Figure 1. All data in Figure I. represent performance on a 2 mL resin bed preconditioned

in 2 M NaOH.. The data is plotted in column volumes of feed processed versus the ratio

of Cs-137 in the treated effluent to that in the feed. The 50% breakthrough point for

Tank 25 simulant is approximately 205 column volumes, whereas the Tank 29 simulant

exhibits 50% breakthrough at only 30 column volumes. " i_

Based on previously determined bulk densities (2,4), 2 mL represents 0.72 g of air-dried

resin (bulk density in 2 M NaOH = 0.36 g/mL). The sodium form of air-dried resin has

been shown to consist of about 18% water in oven drying tests at 100°C, so the column

actually contained only 0.59 g of active resin.

Figure 2. represents an elution of the Tank 25 material in 0.5 M HNO3. The elution was

90% complete in 10 column volumes of the acid. A calcualtion showed that 4.57 E-2

I.tCiof Cs-137 were sorbed by the column and 4.10 E-2 _tCi of Cs-137 were eluted in 10
column volumes.
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Figure 2. Eiution of Cs from Resin Using 0.5 M Nitric Acid
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Savannah River Sim_ant

Data for the performance of SRS simulant (and actual waste) have been reported

previously. (2, 4) The breakthrough curve for SRS simulant is shown in Figure 3.
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Figure 3. Breakthrough Curve for SRS Simulant

Resorcinol-formaldehyde resin processed 200 column volumes to 50% breakthrough.

Bray (4) showed, using a series of 200 mL columns to treat SRS simulant, an average

throughput of 226 column volumes to 50% breakthrough. Further, Bray_ results showed

that, for three columns in series, the second column did not experience any breakthrough

until the lead column had already reached 50% breakthrough. Approximately 99% of the

cesium on the column _as eluted using 1 M HCOOH, or 0.5 M HNO3. (4)

Hanford 10|-AW Simulant

The breakthrough curve for a column used to treat Hanford 101-AW simulant is not

nearly as sharp as that for Oak Ridge Tank 25 or SRS simulants. If a single breakthrough

curve is examined, it would appear that the column, if operated in normal manner to 50%

breakthrough with this feed could only process 50 column volumes before requiring

cha _;_L:_t or elution. However, the second hydroxide functional group on each
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resoreinol in the resin appears to become an active ion exchanger at the high [OH'] level

in the 101-AW simulant. The capacity of the resin for Cs + essentially doubles, as a result

and 100 % breakthrough is not reached until about 6.0 milliequivalents of alkali metal

(Na +, K+, and Cs +) per gram of air-dried resin have been sorbed. The alkali metal

capacity of the resin when used with SRS simulant is 2.85 milliequivalents per gram of

air-dried resin. (2) Because of this, as shown in Figure 4, columns in series may be

operated to about 90% breakthrough on the lead column before the second column

reaches 50% breakthrough. When operated in that way, a single column may not have to

be changed out unUl aproximately 200 column volumes have been processed.

1.0
10 mL/hr, downflow
Hanford 101-AW simulant

.,p

0.0
0 100 200 300

CV (based on S mL/CV)

Figure 4. Four $ mL Columns in Series

Data supporting the increased capacity are found in Table 3, which lists the

concentrations of each alkali metal removed on elution from columns processed to 100%

breakthrough using Hanford 101-AW simulant.
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Table 3. Alkali Metal Ion Concentrations in EhaateFractions from
Two Runs on the Same 2 mL Column

Run 1 Run 2

MiUiliters _ _ _ _ Iag.K
5.0 19.85 2.93 0.66 29.98 3.71 0.72
10.0 13.85 2.47 0.74 14.57 2.36 0.75
15.0 8.60 1.68 0.59 8.66 1.51 0.47
20.0 4.97 1.04 0.32 5.98 0.95 0.27
25.0 3.09 0.58 0.22 4.24 0.61 0.16
30.0 1.95 0.39 0.13 3.05 0.41 0.11
35.0 1.13 0.24 0.09 2.40 0.28 0.06
40.0 0.81 0.15 0.05 1.84 0.19 0.04
45.0 0.56 0.09 0.03 1.58 0.15 0.03
50.0 0.41 0.06 0.02 1.38 0.12 0.02
55.0 0.32 0.04 0.02 1.20 0. I0 0.01
60.0 0.27 0.03 0.01 0.97 0.08 0.01
65.0 0.23 0.02 0.01 0.83 0.07 0.00
70.0 0.20 0.02 0.00 0.74 0.06 0.00
75.0 0.18 0.01 0.00, 0.68 0.05 0.00
80.0 0.17 0.01 0.00" 0.55 0.05 0.00
85.0 0.15 0.01 0.00 0.50 0.04 0.00
90.0 0.15 0.01 0.00 0.49 0.04 0.00
95.0 0.15 0.01 0.00 0.39 0.04 0.00
100.0 0.14 0.01 0.00 0.37 0.03 0.00

Total mg 57.17 9.76 2.90 80.38 10.84 2.65

Molarity 2.49E-02 1.47E-02 2.15E-04 3.49E-02 2.78E-03 1.96E-04

Total alkali 3.97E-02 3.79E-02
M

mmoles M'+/g resin " 6.02 5.75v

Because, in a total process, the eluate may be sent to a melter for vitrification, it was of

interest to study the fate of K+ and Na+ on elution. The data from Table 3. is shown

graphically in Figures 5-7. It shows that the distribution of Cs +, K+, and Na + on the

resin in each resin bed was nearly identical, even though the resin had been eluted before

the second run. Total alkali metal ion concentration in each effluent was about 3.9 E-2
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molar,representing6.0mmolcsofalkalimetalionclutcdpergramofair-driedresin.The
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Figure 7. Na Elution From Resin with 0.5 M HNO3

DISCUSSION ; ;
.q

Resorcinol-formaldehyde cation exchange resin has demonstrated effective removal of

Cs+ from high-level waste simulants representing wastes at Oak Ridge, the Savannah

River Site, and Hanford. Approximately 200 column volumes of each simulant can be

processed by one column volume of resin, although the Hanford 101-AW simulant can

only achieve that volume of throughput if each column is operated to about 90%

breakthrough before elution. The resin appears to have double the capacity for alkali

metal ions with the very high hydroxide concentration (5.6 molar OH'_ of the Hartford

101-AW simulant, relative to SRS and Oak Ridge simulants. This is due to the activation

of the second -OH functional group on the resorcinol at hydroxide ion concentrations
.rap

greater than those found in SRS or Oak Ridge wastes. Cesium selectivity is affected by

the concentration of the sodium ion counter ion, as is the ease in all ion exchange

processes. As evidenced in the Oak Ridge data, however, the concentration of potassium

ion also has a significant effect on the resin's ability to remove cesium ion. The main

difference between Tank 25 and Tank 29 simulants is the higher potassium ion

concentration in the Tank 29 solution, resulting in lowering of the throughput from 205 to

30 column volumes, respectively.
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The resin can be regenerated with an appropriate volume of acid. Data published by Bray

(4) indicates that one molar acid may be needed to effect an efficient elution that will

eliminate any "tailing" of the last small quantities of cesium ion on the resin. Elution

removes the Cs +, Na+, and K+ in the same volume.

It is apparent that the resorcinol-formaldehyde resin can effectively remove cesium from

high-level wastes. But there are other factors that must be considered in a total ion

exchange process. The radio_ytic stability of the resin is important in any

decontamination of actual waste and this resin appears to be quite stable to the effects of

ionizing radiation. Bibler and Crawford (6) have shown that the resin shows no thermal

or radiolytic degradation up to doses of 1 E+8 rad. Hydrogen gas is produced from

radiolysis of resin in 101-AW Hartfordsimulant wida a G value of 0.11 :_.02 molecules

per 100 electron volts. The G value for H2 production in 0.5 M HNO3 is reported to be

0.34:L-0.07 molecules per 100 electron volts. Excessive hydrogen production does not

occur upon radiolysis of this resin.

A major source of degradation of the_'_sin is the hydroxide assisted oxidation of the

resin. Researchers at Battelle Pacifie Northwest Laboratories and at Clark Atlanta

University have detected oxidation of the resin to quinones and ketones in caustic

solution. (4,7) Bibler and Crawford (6) report a decrease in the cesium distribution

constant for the resin after 100 hours cf storage in a sodium hydroxide solution. Oxygen

depletion was noted during the resin degradation. Any process using the resin must

obviously avoid undue storage in a caustic environment.

Other unknowns about the resin that will be addressed in 1995 in full-scale tests at SRS

using the same three simulants considered in this study will be the hydraulic properties of

the resin on transfer in_and out of the columns, pressure drops in large columns, and the

number of process cycles that can be completed before the resin in a column must be

replaced.
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