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Cesium (Cs) as one of the heat-generating fission products of a nuclear power plant has a long
half-life of around 30 years and is also a strong gamma (y ) radiation emitter. The method developed
in this study provides a new viewpoint for the efficient recovery of Cs from nitric acid solution.

An acid-stable 2D covalent organic framework (COF) was synthesized by a
reversible Schiff base reaction and the following irreversible enol-keto tautomerism. Then, a novel
composite was prepared by impregnating the 1,3-[(2,4-Diethylheptylethoxy)oxy]-2,4-crown-6-calix[4]
arene(calix[4]arene-R14) analogues and their molecule modifiers into the pores of the prepared COFs
support. Next, the adsorption performances of the prepared adsorbent for selective separation of
cesium (Cs) from simulated high-level liquid waste and simulated radioactive contaminated wastewater

were investigated under the effect of contact time, adsorption capacity, acid concentration etc.
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The high-level liquid waste (HLLW) generated by the plutonium uranium reduction extraction
reprocessing process contains numerous nonvolatile fission products, long-lived minor actinides, trace
amounts of uranium and plutonium, and corrosion products. Cesium (Cs) as one of the heat-generating
(0.42 W/g) fission products of a nuclear power plant, has a long half-life of around 30 years, and is
also a strong gamma (y) radiation emitter. In particular, the chemical activity and high solubility of
137Cs make it extremely harmful to human body, wherein it leads to the damage of tissues, and even
cancer. Thus, the presence of Cs in HLLW is a matter of great public concern for the whole of society,
and urgent measures should therefore be taken to remove it from the HLLW.

On the other hand, from previous studies, although silica, active carbon, zeolite, metal-organic
framework (MOFs) etc. have been widely used in the extraction chromatography as a support in the
separation of *’Cs from HLLW, to find a more promising support is still urgent. Covalent organic
framework (COF), which are mainly composed of light H, C, N, O elements through covalent bonding,
have been attracted much attention in recent years as a novel kind of porous crystalline materials and
exhibit a great potential in various fields such as catalysis, gas storage and separation, and drug carriers
etc. While, synthetic procedures of COF have been mainly focused on reversible condensation
reactions, such as the Schiff base reaction, Spiro-borane condensation, Knoevenagel condensation and
imide condensation etc., the gradual collapse of predesigned crystalline framework structure of COF
in highly acidic condition makes its application to be frustrating in the practical reprocessing process

of HLLW.
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@D Try to develop an acid-stable COF structure that could be applied even in highly acidic
condition,;

(2 Try to prepare a COF based adsorbent which can be applied to selectively recover Cs from

nitric acid solution.
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(DCOF is firstly prepared by a combination of reversible and irreversible reactions using 1,3,5-
triformylphloroglucinol (Tp) with p-phenylenediamine (Pa-1). The first reversible Schiff base reaction
facilitates to the formation of a crystalline framework. Exceptional resistance toward acid treatment
could be realized through enhancing its chemical stability by the following irreversible enol-to-keto

tautomerization (Fig. 1).
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Fig. 1 Synthesis procedure of the acid-stable COF

@ The extractant of 1,3-[(2,4-Diethylheptylethoxy)oxy]-2,4-crown-6-calix[4]arene (Calix[4])
and its modifier of 1-Dodecanol are selected as the materials used in this study for the selective
recognition of Cs. Next, they are dissolved in dichloromethane in glass conical flash. Then the
quantity of synthesized COFs support is added. The mixtures are stirred mechanically by a rotary
evaporator. Calix[4]+1-Dodecanol will be impregnated into the pores of the prepared COF

particles by evaporation and immobilization as shown in Fig. 2.
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Fig. 2 Synthesis schematic of COF based adsorbent
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(D The prepared adsorbent exhibited fast adsorption kinetics toward Cs and the adsorption
equilibrium could be attained within 1 h.
(2) With an increase in the nitric acid concentration, the adsorption performance toward Cs
decreased gradually. While the structure of the prepared COF support could be remained
intact in as high as 1 M HNOs3 condition.

The prepared COF based Calix[4] impregnated adsorbent exhibited good recognition toward
Cs due to the impregnation of Calix[4] extractant. The prepared COF structure could be well-
maintained in 1 M HNOjs condition. The obtained experimental results support that the utilization of

this type of acid-stable COF based adsorbent in HLLW to recover Cs is considered to be feasible.
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