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Abstract: The separation and extraction of radioactive cesium is of great significance for the safe
disposal of high-level liquid waste (HLLW). Although ammonium phosphotungstate (AWP) has shown
notable selectivity for Cs* adsorption in HLLW, the micro-crystalline structure and fine powder

morphology of AWP limit its industrial application with column separation. Therefore, it is important to
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prepare AWP-based adsorbents into a usable form to improve their utilization. In this paper, a novel
millimeter-sized AWP-based adsorbent, AWP-CaALG-SiO, composite, was prepared by encapsulating
the fine crystals of AWP exchanger into a calcium alginate-silica matrix. The prepared composite was
characterized using scanning electron microscopy (SEM), Fourier transform infrared (FT-IR) spectra,
X-ray fluorescence (XRF), X-ray diffraction (XRD), N, adsorption/desorption isotherms and the
universal testing machine, and its adsorption performance for Cs® in strong acidic solution was
determined using both batch-type and dynamic column experiments in terms of the kinetics, equilibrium
capacity and selectivity. The characterization results indicate that the addition of silica in the fabrication
significantly improves the mechanical strength of composite in comparison to those without silica. The
adsorption of Cs® on AWP-CaALG-SiO, composite could reach equilibrium within 12 h, and the
adsorption kinetics follows a non-linear pseudo-second order rate equation. The distribution coefficient
of Cs™ is high even in extreme acidic condition (about 150 mL/g in 8.0 mol/L HNO; solution). The
adsorption capacity of Cs” increases significantly with the increase of initial Cs* concentration, and the
adsorption of Cs® on AWP-CaALG-SiO, composite can be well fitted with the Langmuir model,
indicating a homogeneous single-layer adsorption process. The maximum adsorption capacity of AWP-
CaALG-SiO, composite for Cs* is determined to be 22.9 mg/g with batch-type experiment in 3.0 mol/L
HNO; solution. In addition, the composite shows excellent selectivity toward Cs* uptake over 8 co-
existing metal ions in simulated HLLW, as evidenced by a K, value of 772 mL/g and SF values all
above 42. The dynamic column experiment shows that the composite can serve as the stationary phase
in columns to effectively remove Cs* with the maximum dynamic adsorption capacity of 17.3 mg/g.
This work not only develops a granulated AWP-based composite for the selective capture of Cs* from
strongly acidic HLLW, but also provids insights into the design of high-mechanical strength ion-
exchange materials for radiocesium decontamination with their practical applications.

Key words: Cs*; ammonium phosphotungstate; silica-calcium alginate hybrid material; high level

liquid waste; adsorption
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Table 1 Kinetics model fitting results of pseudo-first-order and pseudo-second-order models
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Table 3 Comparison of inorganic ion exchange composites for Cs* adsorption
ST I -/ R /(mg/g) HNO; ¥¢Z/(mol/L) K
AWP-CaALG 72 45.22 2.0 [20]
AWP-SiO, 12 20.56 3.0 [21]
AWP-ALO, 1 12.0 2.0 [22]
AWP-ZtP 7 6.0 2.0 [23]
ZrP-SiO, 24 2.7 0.001 [24]
AWP-PMMA 24 25.1~32.7 0.1~5.0 [25]
AWP-CaALG-Silica 12 229 3.0 A3
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Table 4 Original concentration and corresponding adsorp-
tion rate of ions in simulated high-level liquid waste

BT WA /(mg/L) ISR (mg/L)  WBER/%
Cs* 50.00 5.74 88.53
AP 280.11 260.58 6.97
cr 33.33 33.24 0.27
Fe** 346.77 339.28 2.16
K* 8.06 7.94 1.52
MoO} 144.8 131.4 9.27
Na* 887.1 878.1 1.07
Nd* 181.18 180.19 0.55
Ni2* 12.90 12.47 3.35
Sr2* 17.26 14.62 15.29
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Fig. 6 Distribution coefficient and separation factors of ions in simulated high-level radioactive waste liquid



524

I A T S T - A S R S 1 SN T e A R R 5 ot e HE IR B Cs T RTT Y 325

Cs"gi i 2 S ALY S B, &I AWP-CaALG-SiO,
Wz B B RS, W9 H i AWP R ML CaALG-SiO,
FeAb A i g ok o A Tolk b, R 5
R 5% B I A% 3R Ak 38 A kg DA R B 590
AEMEZESH, & 7 R, Cs7E AWP-CaALG-SiO,
B F A B RN 5% B, IR AL B R 2
35.0 mL, 1 24 5k E AR B 2 145 mL B, B F
KA 1R B B A T LY ¢/e=0.05 R
B 2t DA R S Wi B £ 53531 24 17.3 mg/g F1145.8 mg/g,
SO R (- o Sl NS D
37.8%. ZARWFFE il £ () AWP-CaALG-SiO, " fff
IR A AL T Ml v O R B TR A W P
BE, B M BUE W CsT i 43 25 25 Bk 1) Tk i
W

g $ ¢ ¢
08} 38 ?
)
06 gg
E J
0.4} 2
@
02}
(]
0.0 [@?® ‘ ‘ ‘
0 50 100 150 200

V/mL
17 AWP-CaALG-SiO, %} Cs*fy 2 % i £&
Fig. 7 Breakthrough curve of Cs*
in AWP-CaALG-SiO, particle column
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