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THE USE OF A PHENOLIC-CARBOXYLIC ACID CATION RESIN IN THE TREATMENT 
OF LOW-LEVEL LIQUID WASTE AT OAK RIDGE NATIONAL LABORATORY 

J. M. Chilton 

ABSTRACT 

The loading capacity of CS-100 resin, using plant waste as 
feed, was found to be significantly reduced after 20 loading-
elution cycles; one-fourth or less of the original capacity was 
retained after 30 cycles. No important differences were noted 
between an untreated column and a column that had been reconverted 
to the sodium form in the regeneration step. Omission of the 
sodium regeneration could not be adopted as a routine procedure 
because it produced a packing effect in the plant beds; however, 
reconversion to the sodium form is now achieved by using a stoichio-
metric amount of caustic rather than a 100% excess, as was previous 
practice. 

Since the distribution coefficients for calcium and strontium 
are about six times greater than that for cesium, no loss of 90g r 
would be expected while ^-^Cs is loading. Laboratory results 
obtained by using plant conditions and feed indicate that a typical 
bed would remove 96% of ^0g r in the feed. 

Cobalt-60 is generally the greatest contributor to the radio-
activity of the plant effluent. Laboratory tests indicate that this 
^ C o i s present as a mixture of a soluble anionic complex and 
insoluble colloids. The anionic complex could be removed by placing 
an anion exchange column in the effluent from the CS-100 resin bed. 

In studies of the dynamics of loading on CS-100 resin, the 
contact time in plant operation (3 to 4 min per column volume) was 
found to be more than adequate to obtain the desired results. 
Effects of flow velocity were not investigated. 

Data from a series of laboratory experiments show that CS-100 
resin can be eluted satisfactorily with 0.5 to 1.0 M formic or 
acetic acid, although a larger volume is required than for elution 
with 0.5 M nitric acid. 
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1. INTRODUCTION 

Some of the questions which arose in evaluating the operation of the 

Low-Level Waste Treatment Plant 1 were pursued further in the laboratory. 

In particular, the characteristics of the Duolite CS-100 resin* were 

studied. 

Detailed experiments were carried out to determine the useful life of 

the resin under plant operating conditions. The loading behavior of 

strontium and cobalt was examined, and possible modifications of the elu-

tion procedure were evaluated. 

2. USEFUL LIFE OF RESIN 

2.1 Effect of Regeneration 

Static tests in the laboratory were carried out to determine the 

effect of contacting Duolite CS-100 resin with 0.5 M nitric acid and with 

0.1 M sodium hydroxide. The results of these tests, which were reported 

previously, 1 indicated that the caustic was more deleterious than the 

acid. A column loaded with new CS-100 resin was treated with 0.5 M nitric 

acid and washed with water. Plant feed L-3 was then passed through the 

resin bed before it was converted to the sodium form with 0.1 M sodium 

hydroxide, and the batch effluents were analyzed. During the first 100 

column volumes, the A J ' C s content of the effluent was slightly higher 

than subsequently (12.5 Bq/L vs 6.7 Bq/L). 

These results suggested that perhaps the hydroxide regeneration step 

was unnecessary. Accordingly, this step was omitted in the cleanup of one 

column in the LLWT plant. While the column gave satisfactory cesium reten-

tion when placed onstream, the pressure drop was higher than that normally 

observed. Similar results were obtained when the procedure was repeated. 

A phenolic-carboxylic acid cation resin obtained from the Diamond 
Shamrock Chemical Co., Redmond City, Calif. 94063. 

**Column volume, as used in this report, is. defined as the bulk volume 
of the resin. 
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(Previous tests have shown that the CS-100 resin expands 25% when con-

verted from the H * to the N a + form. This leads to packing when the con-

version is made downflow, as in the loading cycle, but does not cause 

problems in reconversion, which is carried out upflow.) This approach had 

to be abandoned because of the increased pressure; however, reconversion 

to the sodium form is now achieved by using a stoichiometric amount of 

caustic rather than a 100% excess, as was done formerly. 

2.2 Loading vs Number of Cycles 

Two identical resin columns (denoted A and B) were set up in the 

laboratory, and plant L-3 feed was passed through them simultaneously 

until cesium breakthrough occurred. Each column was then eluted with 10 

column volumes of 0.5 M nitric acid and rinsed with water. Column B was 

treated with 20 column volumes of 0.1 M sodium hydroxide and rinsed with 

water. The entire procedure was subsequently repeated with a new batch of 

L-3 feed. These runs were begun in April 1979, and 30 loading-elution-

regeneration cycles were carried out in ~1 year. 

The pH of each batch of L-3 feed was increased to 11.85 with sodium 

hydroxide when the alkalinity was significantly less than this value. No 

adjustment was made for a few batches that had slightly higher pH levels. 

The flow rate through each column was maintained at approximately 3 min 

per column volume. Throughout the year, the hardness, as measured in the 

LLWT plant, was generally ~4 ppm as CaC03; on a few occasions, however, it 

was slightly higher. No analyses were made for other components. The 

length of time involved in each run varied; some runs were made on a con-

tinuous basis, while others were interrupted overnight or over weekends. 

No attempt was made to regulate temperature; however, the room temperature 

in the laboratory seldom varied more than a few degrees from day to day. 

The 1 3 7 C s levels in the feeds varied from 30.7 to 1170 Bq/L, averaging 

163 Bq/L. The statistical counting error for cesium samples varied with 

the level of activity but was in the range of ±20 to 30% for solutions 

containing <15 Bq/L. 
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2.3 Analysis of Results 

The data accumulated in this series of runs showed -.jore random varia-

tion than might be expected. Of the many possible factors (mentioned above) 

which could contribute to this scatter, only three were analyzed by sta-

tistical methods: the regeneration procedure for the two columns, the 

cesium concentration in the feed, and the number of loading cycles. 

The cesium contents of effluent samples taken simultaneously from 

column A (acid regenerated) and column B (acid and base regenerated) were 

compared. Analysis of 314 cases showed that the "A" sample was higher in 

21%, the "B" sample was higher in 40%, and the two samples were essen-

tially equal in 39%. In effluents with cesium concentrations higher than 

15 Bq/L, the ratios were: column A, 16%; column B, 64%; same, 20%. As 

demonstrated below, this is the approximate age at which a resin bed 

begins to show definite signs of deterioration. Qualitatively, these 

results indicate that the sodium reconversion step in the regeneration 

cycle has a slightly deleterious effect on the cesium capacity of the 

resin bed, but this effect is masked by other factors as the resin ages. 

Results of typical runs are shown in Fig. I. 

The following mathematical procedure was used to compare the results 

of the 30 runs. The cesium content in the effluent from each column was 

plotted vs the square root of the number of column volumes passed. By 

linear regression, a straight line was calculated through the values 

obtained after cesium breakthrough began to be significant. An example of 

this technique is shown In Fig. 2. The number of column volumes corre-

sponding to 50% breakthrough and 10 Bq/L were calculated for each line. 

The values were then plotted vs run number (see Fig. 3). 

The total quantity of 1 3 7 C s loaded on each bed at the 10-Bq/L 

breakthrough point was calculated for each run, and the "useful" DC was 

determined. These DC values were plotted vs the cycle number, as shown in 

Fig. 4. 

Despite the fact that the data show considerable scatter, it is clear 

that the DCs, and hence the capacities of these beds, decreased with 

usage. Least-squares regression lines were drawn through the data points 

to fit the equations 
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Fig. 1. Breakthrough of 1 ^ 7 C s vs square root of volume of feed. 
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Fig. 3. Volume loaded on CS-100 resin before breakthrough (calculated), 
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Fig. 4. Cesium-137 distribution coefficient values at 10-Bq/L break-
through vs cycle number. 
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y = a - bx 

and 

y = a -bx^ • 

A better fit was obtained in each case for the second-power equation, as 

shown on the graphs (Fig. 3). 

Suggestions for future work in this area include preparing a cost 

estimate to show the economics of replacing a resin bed as compared with 

using a bed with reduced volume capacities. Such information would allow 

one to determine the optimum number of cycles a column should be used 

before being discarded. 

3. CALCIUM AND STRONTIUM LOADING 

In the preceding report, 1 an equation was developed to relate the 

loss in cesium loading capacity to the amount of hardness (calcium, 

magnesium, and strontium) in the feed. This formula is applicable to the 

size of the beds used in the LLWT plant (1250 L). A more generalized 

equation, applicable to a bed of any size, is as follows: 

Available Fraction of Total Bed Capacity = 1/(1 + 0.04 ppm hardness). 

A quantity o' L-3 feed from the LLWT plant was spiked with ®5g r 

tracer in order to follow the strontium loading on a CS-100 bed accurately 

in a typical feed stream. Eighteen runs were made at the rate of one 

column volume every 3 to 4 min. The strontium loading varied from 91.2 to 

98.7%; the average retention was 96.0%. 

4. REMOVAL OF RADIOACTIVE COBALT 

The investigators who developed the first flowsheet for this process 

in the laboratory noted that the loading-elution treatment with Duolite 

CS-100 resin failed to remove a l l of the 60c o f r o m fh e waste s t r e a m . ^ 

They postulated that the cobalt which was retained was in the form of an 

anionic complex and suggested that its removal could be effected by 

placing an anion exchange column bed in the effluent from the CS-100 resin 

beds. 
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In the present study, some was found in the effluent from every 
loading on CS-100 resin. Radioanalytical measurements of the samples 
showed ^Oco levels varying from 40 to 75% of the feed concentration. 
Several experiments were carried out to determine the nature of this 
cobalt species. Samples were extracted with organic solvents, adjusted to 
various pH values, filtered through various media, loaded onto anion 
resins, and passed through Dowex-50 cation resin in both the sodium and 
the hydrogen forms. 

The results indicate that none of the cobalt is extractable with an 
organic solvent such as decane or carbon tetrachloride. The feed to the 
plant (EB) contains cobalt that is present as anionic and cationic forms, 
as well as being associated with insoluble particles. Some of these par-
ticles are colloidal, less than 0.5 wn in diameter. By proper filtration, 
30 to 70% of the cobalt in the EB feed can be removed in the precipitate. 
Approximately half of the soluble cobalt can be removed on a cation column; 
the remainder will absorb on a hydroxide-form anion bed. 

5. EFFECT OF LOADING RATE 

The rate at which a feed is loaded onto a column can be expressed 
either as the linear velocity of the stream past a resin particle or as 
the length of time a drop of feed remains in the bed. Thus, 

Velocity x Contact Time = Height of Column . 

In plant operation, feed rates vary from 265 to 415 L/min, or 40 to 
63 mL/min-cm^. This corresponds to a linear velocity of 1.68 to 2.63 
cm/s, or a contact time of 1.81 to 1.17 min. 

In the laboratory, three separate columns were filled with new CS-100 
resin, and each was converted to the sodium form. L-3 feed from the LLWT 
plant, spiked with additional was then passed through the columns. 
Eight runs were made on each column at carefully controlled flow rates. 
The contact times varied from 3.05 to 0.48 min. Analyses of the l^Cs 
found in the effluents were essentially uniform over this range of flow 
rates. The ^7 C s COUnts In the effluents were typical of those found in 
plant effluents, 2.7 to 11.3 Bq/L. 
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From these results it can be concluded that, if contact time is the 
limiting factor in the rate of cesium adsorption, the plant could be 
operated successfully at higher flow rates than are now used. 

6. ELUTION OF CS-100 RESIN 

In plant operation, a resin bed is eluted with ten bed volumes of 0.5 M 
nitric acid. Several laboratory experiments have demonstrated that this 
procedure is satisfactory, with <1% of the total activity remaining on the 
column. 

Since there is evidence that nitric acid contributes to deterioration 
of the resin, the use of acetic acid as an eluent was investigated. This 
acid is nonoxidizing, noncorrosive, biodegradable, and does not form an 
azeotropic mixture with water. Formic acid was also evaluated for this 
purpose. 

A series of experiments was performed in which beds of new CS-100 
resin were loaded with 2000 volumes of L-3 plant feed and then eluted with 
0.5 M nitric acid, 0.25 M acetic acid, 0.5 M acetic acid, 1.0 M acetic 
acid, 0.25 M formic acid, 0.5 M formic acid, 0.75 M formic acid, and 1.0 M 
formic acid, respectively. The results are tabulated in Table 1 and are 
shown graphically in Fig. 5. 

When >0.5 M acetic acid was used as the eluent, a greater volume (~12 
bed volumes vs 10) was required to attain 99% cleanup, as compared with 
0.5 M nitric acid. Increasing the concentration from 0.5 M to 1.0 M 
apparently had little effect, although decreasing it to 0.25 M required 
even larger volumes. The results with formic acid are intermediate bet-
ween those for nitric acid and acetic acid. Precise adjustment of the 
concentration of acetic or formic acid would not be necessary in a plant 
process. 



Table 1. Evaluation of reagents for elutlng columns of Duolite CS-100 resin loaded with L-3 plant feed 

Eluted (%) 
volumes 

0.5 M nitric 0.25 M acetic 0.5 M acetic 1.0 M acetic 0.25 M formic 0.5 M formic 0.75 M formic 1.0 M formic 

1 0.24 0.04 0.24 1.46 0.18 0.55 0.92 7.21 

2 3.67 0.25 3.67 9.39 0.55 5.10 27.33 52.21 

3 46.72 1.15 18.54 25.11 3.76 26.28 66.98 80.92 

4 90.80 3.17 42.30 44.07 21.34 58.31 86.56 91.24 

5 96.17 7.90 66.50 61.93 52.14 81.52 93.28 94.58 

6 97.17 15.93 82.58 76.27 76.73 91.86 95.76 95.89 

7 97.72 28.17 90.65 86.93 89.23 95.68 96.87 96.91 

8 98.11 44.40 94.43 92.97 94.65 97.66 97.56 97.57 

9 98.51 61.39 96.30 96.35 96.88 98.46 98.22 97.97 

10 98.90 75.22 97.30 98.04 98.06 99.17 98.67 98.38 

11 99.29 88.54 98.37 98.84 98.73 99.71 99.03 98.78 

12 99.78 95.51 99.29 99.33 99.16 99.95 99.57 99.19 

13 99.99 97.93 100 99.63 99.50 100 100 99.59 
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