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For the removal of cesium (Cs) from high radioactive/high salt-laden liquid waste, this study synthesized a highly efficient
composite adsorbent (potassium cobalt ferrocyanide (PCFC)-loaded chabazite (CHA)) and evaluated its applicability. The
composite adsorbent used CHA, which could accommodate Cs as well as other molecules, as a supporting material and
was synthesized by immobilizing the PCFC in the pores of CHA through stepwise impregnation/precipitation with CoCl,
and K,Fe (CN), solutions. When CHA, with average particle size of more than 10 um, is used in synthesizing the composite
adsorbent, the PCFC particles were immobilized in a stable form. Also, the physical stability of the composite adsorbent
was improved by optimizing the washing methodology to increase the purity of the composite adsorbent during the synthe-
sis. The composite adsorbent obtained from the optimal synthesis showed a high adsorption rate of Cs in both fresh water
(salt-free condition) and seawater (high-salt condition), and had a relatively high value of distribution coefficient (larger
than 10* mL-g™") regardless of the salt concentration. Therefore, the composite adsorbent synthesized in this study is an op-
timized material considering both the high selectivity of PCFC on Cs and the physical stability of CHA. It is proved that this

composite adsorbent can remove rapidly Cs contained in high radioactive/high salt-laden liquid waste with high efficiency.
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Fig. 1. Preparation flow sheet of PCFC-CHA.
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Fig. 2. SEM images and XRD spectra of (A) PCFC-mCHA (DW), (B) PCFC-mCHA (AW), (C) PCFC-nCHA (DW), (D) PCFC-nCHA (AW)
(m-CHA, ¢ -PCFC).
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Table 1. Mean particle sizes of CHA and PCFC-CHA measured by dif-
ferent methods

LD DLS SEM
nCHA - 774+ 122 <3 um
mCHA 10.2£2.5 um - <15 um

PCFC-nCHA 6.5+ 1.1 um - <5 um
PCFC-mCHA 14.6+£4.5 um - <15 um

Table 2. Atomic percent of each component in PCFC-nCHA and PCFC-
mCHA with DW

Elemental abundance, Atomic percent (%)

PCFC-nCHA PCFC-mCHA
K 18.69 £0.22 18.67+0.62
Si 29.19 +0.50 28.51+0.94
Al 14.74 £0.23 14.74+0.52
Co 1.70£0.18 1.65+0.21
Fe 1.68£0.18 1.65+0.18

15.71+1.38 15.25+3.48
N 18.29 £1.00 19.55+ 1.41

SEM Aol = 5 AKX, Ft
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Slo] Hgelo] A (Pelletizer, Pike tech, CrushIR Digital Hy-

—
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draulic Press, U.S.A)E A}83le] 8-S 71elFo 2 H
Pl (pellet type) = 2] 2|8+ - EDS 415 392m, Al
T Y= ARG F9S HA &AM 53] vHE SA s}
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Fig. 4. Distribution coefficient of Cs and impregnation ratio of PCFC in
(A) PCFC-nCHA (B) PCFC-mCHA with various washing methods in
DI water (shaking: 2hrs, m/V=1 g-L-!, Cs | mg'L).
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Table 3. Mean sizes of particles in various washing solutions measured
by LD and DLS

LD DLS

PCFC-nCHA (AW)

DI water '* - 978.5+91.9 m

Acetone 748+ 0.2 um -
PCFC-nCHA (DW)

DI water 't - 1072.7 +£10.1 mm

DI water > - 306.8 £21.9 mn

DI water - 138.1+3.7 m
PCFC-mCHA (AW)

DI water '* - 1013.7+11.5 m

Acetone ™ 1483+ 1.1 um -
PCFC-mCHA (DW)

DI water '* - 968.6 £29.2

DI water 2 - 281.6+ 8.5 m

DI water > - 172.3£6.8 m

Table 4. Mean sizes of particles contained in the solutions after Cs
adsorption measured by DLS (stirring: 2hrs, 0.2 un membrane filter)

DLS

PCFC-nCHA (AW) 98.7+8.1 m

PCFC-nCHA (DW) 116.6 +12.7 nn
PCFC-mCHA (AW) 343.1 = 59.7 mn

PCFC-mCHA (DW) 164.1+0.8 m

Table 5. Turbidity (NTU) of the solutions after Cs adsorption (stirring:
2hrs, 0.2 ym membrane filter)

(NTU)
lgL'  25gL' S5SgL! 10 gL'
Blank 0.23 0.21 0.19 0.18
PCFC-nCHA (AW) 114 27.8 50.6 74.8
PCFC-nCHA (DW) 12 23 5.1 132
PCFC-mCHA (AW) 0.25 0.15 0.16 0.15
PCFC-mCHA (DW) 0.14 0.22 0.19 0.17
9
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Fig. 6. Particle size distributions of the solutions after Cs adsorption
measured by DLS (stirring: 2hrs, 0.2 um membrane filter).
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Fig. 9. Kinetic analyses by pseudo second-order reaction model of
PCFC-mCHA (DI water washing) with ratio of m/V, SRW was based
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