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Covalent organic polymer grafted on granular activated carbon
surface to immobilize Prussian blue for Cs™ removal
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ABSTRACT

Prussian blue is known as a superior material for selective adsorption of radioactive cesium ions; however, the separation
of Prussian blue from aqueous suspension, due to particle size of around several tens of nanometers, is a hurdle that
must be overcome. Therefore, this study aims to develop granule type adsorbent material containing Prussian blue in
order to selectively adsorb and remove radioactive cesium in water. The surface of granular activated carbon was grafted
using a covalent organic polymer (COP-19) in order to enhance Prussian blue immobilization. To maximize the degree
of immobilization and minimize subsequent detachment of Prussian blue, several immobilization pathways were evaluated.
As a result, the highest cesium adsorption performance was achieved when Prussian blue was synthesized in-situ without
solid-liquid separation step during synthesis. The sample obtained under optimal conditions was further analyzed by scanning
electron microscope-energy dispersive spectrometry, and it was confirmed that Prussian blue, which is about 9.7% of
the total weight, was fixed on the surface of the activated carbon; this level of fixing represented a two-fold improvement
compared to before COP-19 modification. In addition, an elution test was carried out to evaluate the stability of Prussian
blue. Leaching of Prussian blue and cesium decreased by 1/2 and 1/3, respectively, compared to those levels before
modification, showing increased stability due to COP-19 grafting. The Prussian blue based adsorbent material developed
in this study is expected to be useful as a decontamination material to mitigate the release of radioactive materials.
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Step 4. Attaching the COP

Fig. 1. COP-CAC synthesis procedure
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Fig. 2. Scheme of Prussian blue immobilization on COP-GAC.
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(c) COP-GAC (x1,000)
Fig. 3. SEM images of GAC and COP-CAC.

Table 2. EDS element analysis of GAC and COP-GAC

Type of Constituent element (Weight %)

material C N 0) S Fe
GAC 81.95 - 9.51 1.81 -

COP-GAC | 55.75 10.91 22.51 1.74 -
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Fig. 4. Surface functional groups in GAC and COP-GAC
obtained by FT-IR analysis.
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Fig. 5. Color changes during Prussian blue synthesis under different conditions.
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Fig. 7. SEM image analysis of GAC-PB and COP-CAC-PB (x1,000, x100,000).
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Table 3. EDS element analysis of GAC-PB and COP-CAC-PB

Table 4. Cs desorption after washing with deionized water

(Weight %) (adsorbent dosage 100 g/L)
C N (0] S Fe Adsorbed Desorbed Desorbed
GAC-PB | 63.83 - | 1978 | 1.48 | 2.86 cesium cesium | percentage
COP-GAC-PB | 51.53 | 17.37 | 15.68 4.13 4.415 (mg/L) (mg/L) (%)
GAC-PB 4.746 0.067 1.421
COP-GAC-PB 4.880 0.023 0.465
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