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Abstract: During the operation of the spallation neutron source, heavy water used as a coolant can
introduce impurities. Direct purification of heavy water using conventional ion exchange resins can lead to

the displacement of H/OH", thereby reducing the purity of heavy water. Therefore, the resin needs to be
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deuterated. This study focused on Na-form cation exchange resins and utilized the ion exchange method to

prepare deuterated resins. The results indicate that the Langmuir isotherm effectively can describe the

equilibrium data for the adsorption of D* on Na-form cation exchange resins. Analysis of thermodynamic

parameters, including Gibbs free energy(AG), enthalpy(AH), and entropy(AS), reveals that the adsorption

process is spontaneous and that the adsorption capacity of the resin increases with increasing temperature.

ICP-OES analysis further indicates that a deuteration rate of 98% is achieved when the DCI concentration

exceeds 0.8 mol/L. Additionally, the adsorption kinetics of D" on Na-form cation exchange resins at

various temperatures aligns well with the pseudo-second-order kinetic model, with adsorption rates

increasing as the temperature rises. In fixed-bed experiments, an elevation in bed temperature results in a

shortened mass transfer zone, facilitating faster saturation of the resin bed. Consequently, 333 K is

identified as an optimal preparation temperature for these materials. The performance of D-form cation

exchange resin is not significantly different from that of H-form cation exchange resin. This study can

provide some references for the preparation process of deuterated cation exchange resin.
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Fig.2 Schematic diagram of experimental setup
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Table 1 Langmuir, Freundlich and D-R isotherm parameters of D™ adsorption on Na-form cation exchange resin
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G /(mmols g!) K /(Lemol™) ;2 SSE  ¢w/(mmole g') 10°K,/(mol® kJ2) E/ (kJ*mol™) ;2 SSE K; n ” SSE
293 2.1805 12.100 0.9977 0.0098 2.0436 13.617 6.0634 0.9845 0.0191 4.2608 2.1387 0.9761 0.0201
313 22212 13.399 0.9980 0.0144 2.1031 11.321 6.6519 0.9884 0.0182 4.4603 2.1983 0.9678 0.0327
333 2.2487 14.253 0.9983 0.0075 2.1406 9.7138 7.1796 0.9906 0.0129 4.5620 2.2369 0.9638 0.0383
353 2.2609 15.044 0.9988 0.0089 2.1656 8.8479 7.6697 0.9910 0.0127 4.5935 2.2642 0.9614 0.0349
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Table 2 Na content and deuteration rate in resin before and

after reaction with different concentrations of DCI
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Table 4 Pseudo-second-order kinetic parameters t/min
for D" adsorption on Na-form cation exchange resin
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Fig. 7 Breakthrough curves obtained at different temperatures

2.5 BiAgMERE
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Table 5 Performance index of resin
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HAY 52.57 5.04 1.86 0.78 1.20 0.5~0.75 0.61 1.16
DAY 52.66 5.18 1.91 0.78 1.20 0.5~0.75 0.61 1.16
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