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1. Introduction

In KAERI, the SP-HyBRID process has been
developed to decontaminate the primary coolant
system of a nuclear power plant[1]. The SP-HyBRID
process consists of a pre-oxidative step and a
reductive step, HyBRID. The pre-oxidative step is
progressed using H,SO; and KMnO,, and the
reductive step is conducted using N,H, (hydrazine),
H,SO,, and Cu’. A wastewater is generated from the
SP-HyBRID decontamination process of the coolant
system. The wastewater contains not only the
contamination agents but also the metal ions
dissolved during the decontamination process, which
typically includes radioactive metal ions such as Co-
58, Co-60, Mn-54, and Cr-51, etc.

It is very effective to remove the contaminants

from the wastewater for minimizing waste generation.

The contaminants can be effectively removed by a
precipitation method using Ba(OH),[2]. In general,
when pH in a solution is increased by Ba(OH),
injection, metal ions in the solution are converted
into a hydroxide form, and precipitated to the bottom
of the solution[3]. Ba(OH), is injected at an
equivalent to sulfate ions, and BaSO, is removed as
precipitates as shown in Eq. (1). In this precipitation
reaction, the generated OH™ can be consumed to form
metal hydroxide for residual metals in the solution,
and the amounts of metal ions in a wastewater can be
changed with operation conditions of the
decontamination process. Therefore, it is necessary to
evaluate effects on the removal of metal ions in a

wastewater with amounts of them.
SO.* + Ba(OH), = BaSO, + 20H" (1)

In this study, theoretical equilibrium calculations

on removal of sulfate and metal ions in a wastewater
surrogate by Ba(OH), injection were conducted by
(HSC-

Chemistry 9.5). The removal characteristics of metal

using equilibrium calculation software
ions in the surrogate were estimated with changes in

the amounts of metal ions.

2. Equilibrium Calculation

Table 1 shows the composition of the wastewater
surrogate used in the equilibrium calculation. Except
N>H,,
determined for the sulfate and metal ions because

sulfate forms as input materials were
sulfate ions in a wastewater from the
decontamination process are a main component for
of the
decontamination reagetns used in the SP-HyBRID

dissolving metals. The concentrations
process were fixed, and the amounts of dissolved
metal ions were changed from 50 to 400 ppm. The
concentrations were reduced into mole unit for the
equilibrium calculation. The amount of Ba(OH), was
determined considering the amounts of sulfate ions in
the wastewater surrogate. The equilibrium
calculation was conducted using HSC-Chemistry 9.5
which is progressed on the base of Gibbs free

energies of reactions between input materials[4].

Table 1. Composition of the wastewater surrogate used in

the equilibrium calculation

Compounds Concentration (ppm)
N,H, 1604
H,S0O, 3632
MnSO, 962
K,SO, 554
CuSOy 81
Metal (Feéf)r’igf’ Cu. 20 50 400 ( respectively)
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3. Results

The equilibrium calculation results (metal ion conc.:
50 ppm, respectively) are shown in Fig. 1. According
to Fig. 1, sulfate ions in H,SOy, is preferentially reacted
with Ba(OH),, and removed into BaSO,. Except for
Mn, the metal (M) ions are mostly converted into
M(OH),. Some of them are formed into MO. Mn ions
are also mainly converted into Mn(OH),. However, a
considerable amount of Mn ions are formed into liquid
phase of Mn(OH),. Because of that, it is considered
that removal of Mn ions in a wastewater from the SP-
HyBRID decontamination process will be limited. In
this equilibrium calculation, it is predicted that some
of K ions are converted into KOH very soluble in
water. Thus, removal of K ions by Ba(OH), injection
will be very few. When the concentrations of metal
ions are 400 ppm, respectively, oxide formations of
the metal ions are significantly increased. Especially,
Ni ions are mainly converted NiO, and a significant
amount of Zn ions are also formed an oxide form,
ZnO.
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Fig. 1. Equilibrium calculation results (metal ion conc.: 50
ppm, respectively).

4. Conclusion

Through the equilibrium calculation results, it is
predicted that the metal ions can be effectively
removed into a hydroxide form or an oxide form,
except for Mn and K. In case of Mn, it is required to
evaluate a residual amount in a wastewater surrogate
closely after a wastewater surrogate treatment test.
For the removal of K ions, it is necessary to develop
a method to separate K ions selectively as an

insoluble form in water.
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