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Ion Exchange Behavior of “'Cs, "Co
on Diphosil, a new ion exchange resin
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Abstract - Diphosil, a new version of the organic-inorganic composite resin developed by
ANL has a structure of the chelating diphosphonic acid groups grafted to a silica support.
To apply Diphosil for the treatment of liquid radioactive waste from nuclear power plants,
the adsorption equilibium and column experiments were carried out for the main
radionuclides, *'Cs and %Co, in the liquid radwaste stream. Through the adsorption
equilibrium experiments, the removal efficiencies of “~'Cs and 60Co, and the effects of
non-radioactive ions on the removal efficiency have been measured in various conditions
using radiotracers. The breakthrough curves for the tested tracers were obtained from the
laboratory scale column tests using the simulated liquid radioactive waste. In addition, the
removal capacity of Diphosil is compared with that of Amberlite IRN 77 resin, generally used
in nuclear power plants.
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Fig. 1. Chemical structures of the Diphonix and Diphosil
resins.

Table 1. Experimental conditions for adsorption equilibrium.
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Conditions

Items

Experiment 1 | Experiment 2

Remarks

Ion Exchange Resin

Diphosil (60 ~ 100 mesh)

Co, Cs concentration (ppm) 005 ~ 400

- *The components of simulated

wastewater are prepared based

on the Kori units 3&4;
B(600), Na(200), Ca(50),

Mg(100), Fe(1), () : ppm

Radiotracer (*'Cs, ®Co) About 107pCimt™
Ratio (resin : solution) 1g:32mi
Temperature (C) 25%1

Reaction time (hr) About 18

Table 2. Experimental conditions for column runs.

Items

Conditions

Remarks

Ion Exchange Resin

Diphosil, Amberlite IRN 77

The components of simulated

Radionuclides (*'Cs, ®Co)

About 10uCimt™

wastewater are prepared based

Flow rate (mfmin™) 2

on the Kori units 3&4;
Na(200), Ca(50), Mg(100),

Packing length (cm) 5

Fe(1) O : ppm
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Table 3. Composition of Diphosil by TG/DTA.
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Fig. 2. Removal efficiency of "Cs by Diphosil.
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Fig.' 3. Removal efficiency of 60Co by Diphosil.

Composition, wt%
Component Remarks
w/ moisture w/0 moisture
Moisture 38.84 - RT. ~ 110TC
Organics 11.34 185 110C ~ 640T
Inorganics 49.82 815 640TC ~
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Fig. 4. Competitive adsorption for each radionuclide in a
binary solution (Co-Cs) onto Diphosil.
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Fig. 5. The effect of Boron ions on the removal efficiency
for each radionuclide in a ternary solution (Co-Cs-RB) onto
Diphosil.
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Fig. 6. The effect of Fe ions on the removal efficiency
for each radionuclide in a Temary solution (Co-Cs-Fe)
onto Diphosil.
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Table 4. The effect of non-radioactive ions on the removal efficiency.

Removal efficiency (%) at 200 ppm

Bics ®Co

RI (*"Cs + ®Co) 300 89.0
RI +B 28.9 89

RI + Na 16.7 30.0

RI + Ca 15.2 736

RI + Mg 12.2 63.7

RI + Fe 235 84.8

Table 5. The effect of non-radioactive ions on the removal efficiency.

Removal efficiency (%) at 0.01N
Wics ®Co
RI + Na 9.96 65.87
RI + Ca 354 42.48
RI + Mg 6.73 50.4
RI + Fe 7.27 45.38
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Fig. 7. Breakthrough curve for ™'Cs and ®Co by
Diphosil and Amberlite IRN 77.
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