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Abstract—Potassium cobalt hexacyanoferrate (KCoFC) was synthesized for remova of Csions in acid waste
solution. The synthesized KCoFC was stable in nitric acid solution of pH=1 and showed high selectivity for Csion
over S and Naions. The K, for 0.01 N Csion solution at pH=2 was about 3.6x10° mL/g in the presence of the same
concentrations of Sr and Naions, respectively. In the binary ion exchange system, both the Dubinin-Polanyi model
and Langmuir model fit the experimental data, although the Dubinin-Polanyi model fit more correctly than the
Langmuir model. However, in the multi-component system, only the modified Dubinin-Polanyi model, which is a semi-
empirica eguation, fit the experimental data accurately. The ion exchange capacity of KCoFC for Csion obtained by

the Dubinin-Polanyi equation was 1.72 meg/g.
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INTRODUCTION

For thefirgt 50 to 100 years after SNIF (Soent nudear fud) isdis-
charged from a reactor, the cesum and srontium are the primary
sources of decay hedt. These two fisson products decay away with
about a 30-year hdf life. In order to dispose of these radionudides
safely, an appropriate method to separate **'Cs and S from high
leve liquid waste should be introduced. In this regard, many inor-
ganic ion exchangers have been applied for the sdective removd of
Csand S ions[Huckman et d., 1999; Liang and Hay, 2001; Marageh
et d., 1999; Mardan et d., 1999; Mimura et d., 1994, 1995, 1997,
1998; Moon ¢ d., 2000, 2002; Perona et d., 1995, Sinha, et d.,
1995].

Especidly, insoluble hexacyanoferrates of trangtion metds or
trangtion and alkai metas such as nickd hexacyanoferrate (NiFC),
potassum nickel hexacyanoferrate (KNiFC) are reviewed as sdlec-
tivefor Csion. For this reason, they have been employed for there-
mova of Csion in radioactive wagte solution. Mimuraet a. [1997,
1998] prepared KNiFC by precipitation method and evauated the
ion exchange performance for practica treatment of Csion from
radioactive waste solutions. Another type of cesum-sdective hexacy-
ancofarate, KCoFC (potassum cobat hexacyanoferrate), was pre-
pared by Prout et d. [1964]. They proved its chemica stability and
adsorption performance in a binary syslem. However, little is known
about ion exchange performances for multi-component acid waste
solution.

In this study, we prepared a KCoFC powder which is not com-
merdidly available, and assessad its ion exchange behaviors for ce-
sumion in multicomponent acid waste solution.

EXPERIMENTAL

1. Preparation of KCoFC
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Potassum cobat hexacyanoferrate (KCoFC) was prepared by
adding one volume of potassum ferrocyanide trinydrate (K ,F(CN),:
3H.0) to 24 volumes of cobdt nitrate hexahydrate (Co(NO,),-6H,0)
as described in reference [Prout et d., 1964]. A durry of KCoFC
was dirred for 1 hr & room temperature and then washed with de-
ionized water. The resullting solids were dried a 115°C for 24 hrs.
The granules were ground to fine powders, washed with deionized
water and redried. The gability test in acid solution was performed in
therange of pH 1-4 & 25 °C for 72 hrs, then the solids were washed
with deionized water before being dried a 115°C for 24 hrs. The
crydd dructure of the KCoFC was confirmed by XRD (Rigeku.
Co.) and its partide sze and morphology were observed by usng
scanning eectron microscope (JEO. Co., JSM 5200).

2. lon Exchange Behaviors
2-1. Determination of Digtribution Coefficient

Didribution coefficients of the KCoFC powder were determined
for Csion. In determining digtribution coefficients, Csion concen-
tration was fixed a 0.01 N, while solution pHs were varied in the
range of 2to 5.6. The KCoFC powders were contacted with 20 mL/
g of 0.01 N CsNO; solution for 3 days. Digtribution coefficient, K
(mL/g), was cdculated by following eqution:

C.

Kd ==

c ®

where, C.=equilibrium concentration in solid phase (meg/g)
C_=equilibrium concentration in liquid phase (meg/mL.)

The effect of coexidting ions such as St and Naionsonthe K
was investigated. The concentrations of coexigting strontium and
sodium ionswerefixed a 0.01 N, respectively.

2-2. Determingtion of 1on Exchange Isotherm

The ion exchange isotherms of the KCoFC powder for cesum
ion were obtained in abinary and multicomponent sysem. 0.1 g of
the KCoFC powder was contacted with 10mL of solution for 72
hrs. Theinitid solution pH wes fixed a 2 and the concentrations of
cesum were varied between 0.0002 and 0.2 N. In multicomponent
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sysem, gtrontium and sodium ions were fixed a 0.01 N, repec-
tively. The equilibrated samples were decanted using 0.2 pm syringe
filter and then andlyzed by AAS (Perkin-Elmer, Modd 1100B). The
tests were performed in triplicate and averaged to obtain one equi-
librium point.

RESULTS AND DISCUSSION

1. Preparation of KCoFC

The KCoFC powder was prepared by precipitation method. The
crygd dructure of the synthesized KCoFC was confirmed by X-
ray diffraction andyss as shownin Fg. 1, which represents the cor-
responding XRD pattern of the standard KCoFC. The shape of the
synthesized KCoFC was shown in Fig. 2 and the particle Sze dis
tribution was represented in Fig. 3, which shows the mean diame-
ter of 848 um.

In order to confirm the chemicd stability of the synthesized
K CoFC powder againgt nitric acid solutions, the KCoFC samples
were immersad into the acid solutionsin the pH ranges 1 to 4 for
72 hrs, and then the sampleswere andlyzed by XRD and observed by
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Fig. 1. Comparison of XRD pattern of the synthetic K CoFC and
the standard one.
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Fig. 2. SEM image of the synthetic KCoFC powder.
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Fig. 3. Particle szedistribution of the KCoFC powder.
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Fig. 4. XRD pattern of the KCoFC treated with nitric acid.

using SEM. Asshown in Fig. 4, the XRD paterns of the tested sam-
ples are the same as the origind one, indicating that the synthesized
KCoFC powder is gable in the acid solutions above pH=1. SEM
images asin Fig. 5 aso showed no morphology changes. There-
fore, the synthesized K CoFC ion exchanger is considered to be pos-
sbly usad in the acid waste solution.
2. lon Exchange Behaviors
2-1. Didribution Coefficients

Theion exchange behavior of cesum ion was studied in binary
and multi-component systems. The digtribution coefficient for cesi-
um ion (K ) was measured with the pH variation from 2 to 5.6
asin Hg. 6. It shows that the digribution coefficients are dightly
increesad proportiondly to the solution pH-vaue K, is about 4.6x
10°mL/g a pH=2 and about 1.0x10* mL/g a pH=5.6. The ob-
tained digtribution coefficient at pH=2, taking into account the acid-
ity of the solution, is consdered rather high.

Figs. 7 and 8 represent the effect of coexiging ions on the dis-
tribution coefficients of cesum ion (K, ). Even at high strontium
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Fig. 5. SEM images of the KCoFC powder treated with nitric acid.
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Fig. 6. Effect of pH on the digtribution coefficient of Csion in
KCoFC-Cs system.

ion concentration of 0.01 N, the K, value was about 3.7x10° mL/
g a pH=2, which givesthe separation factor (aeye =Ky oKy ¢) 8oout
7.4x10°mL/g. This vaue is considered much higher then that of
other inorganic ion exchangers such as Cs-sdedtive zeolites. In acid
solution containing strontium and sodium ions together with Csions,
Kg csand Ocygone Were about 3.6x10° and 30x10°mL/g, respec-
tively. The results indicate that the KCoFC ion exchanger is highly

September, 2004

o)

HICoE prnsatar
—m— 5" -
|:l'|_' 5 G - .
[ 1 o4
-] B
sob T i g
‘E., v E
3 ; ¢ F
i _'I -
||:r L L I’ L
2 a 1 5 ]
pH

Fig. 7. Effect of pH on the digtribution coefficients of Cs, S ions
in KCoFC-Cs-Sr system.

sective for cesum ion and can be used effectively for separation
of cesum ion from mixed solution of Cs, S, Ni ionsin acid waste.
2-2. 1on Exchange Equilibrium I sotherm

lon exchange eqilibrium isotherms were obtained to evduate the
ion exchange cgpacity and the equilibrium constant. Experimentd
data were moddled by Langmuir and Dubinin-Polanyi equations
[Robinson, 1993; Moon et d., 2000, 2002, Rengarg et d., 2004]
given by
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Fig. 8. Effect of pH on the digribution coefficients of Cs S and
Naionsin KCoFC-Cs-Sr-Na system.

- abC
T 1+bC @
g=qexp[-kRTHIn(C/C}? €]

where g (meg/g), o, (med/g), ¢ (meg/mlL) and ¢, (meg/ml) arethe
equilibrium and saturation concentrations of metalsin solid and lig-
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Fig. 9. Binary ion exchange equilibrium isotherm and modding
examplesfor Csion exchange with KCoFC powder.

Table 1. Modd parametersfor Csion exchange isotherm with

KCoFC
Model Coefficient
Langmuir g (meg/g) 1.303
b (mL/meq) 174.33
R 0.98
Dubinin-Polanyi g (meg/g) 1.720
k 4.21x1077
R 0.98

uid pheses, regpectively. Symbols b and k stand for characteridtic
congants. R and T are gas congant (ca/gmoal K) and temperature
(K), respectively. The solubilities of the regpective sdts as taken
from the literature [Broul, 1981] make for ¢JCsNO,]=11.4 mety
mL and ¢JS(NG,),]=6.7 meyymL. The expeimentd data and fit-
ting resuits for binary sysem were represented in FHg. 9 and Teble 1.
Although both models fit experimentd data quditatively, the Dubi-
nin-Polanyi isotherm is more accurate evidently. Using this iso-
therm, the following maximum sorption capacity of KCoFC ion
exchanger was cdculated: g CINO;]=1.72 meg/g.

The parameters obtained from the binary ion exchange isotherm
were goplied to the multicomponent equations, which are extended
from the binary Egs. (2) and (3) in alogicd manner to describe mul-
ticomponent system, given by

Gontb @
On 1+ ;bjc,-

for Langmuir modd,
S g =exp[b, +hyIn(S C) +b,In(3 C)] ©)
by=In(a)-kRTIN(C)] ©
b=—2R°TAn(C) ™
b=—kR°T? @

for the Dubinin-Polanyi modd, respectively. The experimenta data
and the modding results are represented in FHg. 10.

As shown in the figure, the multicomponent Langmuir and Dubi-
nin-Polanyi modds did not accuratdly predict the experimentd data
These reaults indicate that the multicomponent data cannot be pre-
dicted by using the parameters obtained from the binary isotherms,
obvioudy due to the nonidedlity of the multicomponent sysems.
The same resullts were reported by Robinson et d. [1993] and Moon
et d. [2000] in the multi-component ion exchange study using zeo-
lites and potassum titanate ion exchangers, and they were report-
edly successful in tresting multi-component ion exchange equilibria
by using the modified verson of Dubinin-Polanyi mode given by,
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Fig. 10. Equilibrium isotherm and modeling examples for Csion
exchangein KCoFC-Cs-Sr-Na system.
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Fig. 11. Modeling results usng a modified Dubinin-Polanyi equa-
tion for Csion exchangesin KCoFC-Cs-Sr-Na system.

Table2. Modd parameters for modified Dubinin-Polanyi iso-
therm eguation for Csin KCoFC-Cs-Sr-Naion exchange

system
Coefficients
lons
b, b, b, R?
Cs 0.108 0.127 -0.004 0.98
g=exp[by+0iIn(C)+h[{IN(C)}] ©

The congtants hy, b, and b, were determined by nonlinear re-
gression andyss. If the sysems are ided, the equation should be
equd to Eq. (5). In this study we aso usad this modd to describe
the multicomponent ion exchange equilibria. The fitting results for
experimental dataare shown in FHg. 11, and the parametersfor this
eguation are ummarized in Table 2. It showsthat the modified Dubi-
nin-Polanyi equetion fit the data accuratdy with the least number
of experimentally determined coefficients. The modified Dubinin-
Polanyi equation istheoreticdly sound, even though it is semi-em-
pirica, snce the Dubinin-Polanyi modd has athermodynamic besis
Furthermore, it is 0 smple that it can be modded with a mini-
mum amount of experimental data. Therefore, this modd would
be gpplied favorably to describe multicomponent ion exchange eqi-
libriawith KCoFC ion exchanger.

CONCLUSIONS

A potassum cobdt hexacyanoferrate (KCoFC) ion exchanger
was prepared for remova of cesum in acid waste solution. A chem-
ical gahility test showed thet the KCoFC was gtable in nitric adid
solution of pH=1. lon exchange performance was teted and it show-
ed favoreble upteke for Csion over S and Naions K, o.and Ocyg )
in the presence of S and Naions together with Csion, were about
3.6x10° and 3.0x10PmL/g, respectively. For binary ion exchange
isotherm, the Dubinin-Polanyi equation fit the experimentd data
more correctly than the Langmuir equation. In a multicomponent
system, the modified verson of the Dubinin-Polanyi modd, which
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is semi-empirica equation, fit the experimentd data accurately. The

ion exchange capacity for Cs ion, obtained for binary system by
using the Dubinin-Polanyi eguetion, was 1.72 meg/g.
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