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Summary

Highly alkali-tolerant nickel ferrocyanide was prepared as an adsorbent for preventing the leaching of radioactive
cesium from municipal solid waste incinerator fly ash containing large amounts of calcium hydroxide and potassium
chloride, which act as an alkaline source and the suppressor for cesium adsorption, respectively. Nickel ferrocyanide
prepared by contacting concentrated nickel and ferrocyanide solutions without mixing adsorbed cesium ions in alkaline
conditions even the concentration of coexisting potassium ions was more than ten thousand times higher than that of
the cesium ions. Large particles of nickel ferrocyanide slowly grew at the interface between the two solutions, which
reduced the surface energy of the particles and therefore increased the alkali tolerance. The interfacially-synthesized
nickel ferrocyanide was possible to prevent the leaching of radioactive cesium from cement-solidified fly ash for a long
period. The mechanisms of the formation, selective cesium adsorption, and alkali-induced decomposition of the nickel
ferrocyanide were elucidated. Comparison of the cesium adsorption mechanism with that of the other adsorbents revealed
that an adsorbent can selectively adsorb cesium ions without much interference from potassium ions, if the following
conditions are fulfilled. 1) The adsorption site is small enough for supplying sufficient electrostatic energy for the
dehydration of ions adsorbed. 2) Both the cesium and potassium ions are adsorbed as dehydrated ions. 3) The adsorption

site is flexible enough for permitting the penetration of dehydrated ions with the size comparable to that of the site.
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Interfacial synthesis
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Fig.1  Photo images of transition metal ferrocyanide suspensions
before and after adding Ca(OH), powder
The suspensions are generated by mixing equal amount of 0.1 M
K,Fe(CN), and 0.1 M transition metal chloride solutions.
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Fig.2  Photo images of nickel ferrocyanides prepared by stirred

synthesis (top) and interfacial synthesis (bottom)
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Fig.3  Transmission spectra of nickel ferrocyanide suspensions
prepared by interfacial and stirred synthesis
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Fig.4  Amount of nickel ferrocyanide survived at one day after
immersing 2 mmol of nickel ferrocyanide in 100 mL of 0.5
M NaOH solution at ambient temperature as a function of
the concentrations of K ,Fe(CN), and NiCl, used for the
preparation of nickel ferrocyanide
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Fig.5  Effect of initial concentration of Fe(CN),* ions on the
formation of Fe(CN)* ions by the decomposition of 1.2
mmol of interfacially-synthesized nickel ferrocyanide
immersed in 100 cm? of Ca(OH),-saturated solution at 40 °C
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Fig. 6  Effect of initial concentration of Fe(CN)¢* ions on the
decomposition of 1.2 mmol of interfacially-synthesized
nickel ferrocyanide immersed in 100 cm?® of Ca(OH),-
saturated solution at 40 °C
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Fig.7  Cs* to K selectivity coefficient K of nickel ferrocyanides
in a solution containing 2 M of KCI and 0.1 mM of CsCl as
a function of Cs adsorption ratio [NiFeCN-Cs|/[NiFeCN],
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Fig. 8  Unitstructure of cation exchange site in nickel ferrocyanide
A" denotes an exchangeable cation
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Table 1 Ionic radii and hydration energies of alkali metal ions, and the unit structures of
ion exchange site of nickel ferrocyanide adsorbing the alkali metal ions
Adsotrbed ion Na' K’ Cs"
Tonic radius/nm 0.117 0.149 0.186
Hydrated ionic radius /nm 0.358 0.331 0.329
Hydration free energy/k]/mol -431.8 -359.8 -314.2
Fe-Ni distance/nm 0.508 0.508 0.510

Cs' A AL DG SIVDIEFE, BIOWNAS L= K A A0k
TSN DB RSN D, o TA AL D TRV —2E
{biZ, Table 1 kb

AGy =3142+AG, —359.8=-45.6 + AG,, (kJ/mol)

THEZONAZLERD, ZIZTAG, 1 THEKFLREED Cs A
HLRE K A A LB BERO HH = 3L X —Z L Th
%o AGe, 13 -31 k] /mol ~ -21 k] / mol DFEPHIZEH D735,
©) KALDOEN ZOFPHILEHT-DIZIZAG,, 1% 15 k] /
mol ~ 25 kJ /mol EIEDIE THHMEN DD, THUuL, FHK
FIK A A 2 WG b SiBOH U CHEKICs A A ciE
LR D EWAEYA NIALEI0D 2 BT 5, FEE
Table 112795512, NiFeCN D Fe-Ni L, K A4
% Cs A AATEEHZ DL 0.508 nm 725 0.510 nm (ZHGINS
B, K'AA % Na' A4 il &z 1= 8551213 Fe - Ni fiE
B L2206, 0.508 nm i d s R C 22 E 2R IR T
boT, FIUITEETA FOIUHFTREATEE VXV DORES%
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Fig.9 Twodimensional electrostatic model for ionic adsorption
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Fig.10  Effect of interfacially-synthesized nickel ferrocyanide
on the leaching of Cs from cement-solidified municipal
solid waste incinerator fly ash disc of 1 cm thickness into
Ca(OH),-saturated water at 40 °C
The weight ratios of the fly ash, Portland cement and nickel
ferrocyanide used for the preparation of the discs are, 2:1: 0 (o),
2:1:2010°(m),1:1:0(0),and 1:1:107(e), respectively. Shown
with x is the leaching from a disc with the same composition as
e but the nickel ferrocyanide was prepared by stirred synthesis
instead of interfacial one.
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