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1. Introduction 

 
One of the important characteristics of the 

HyBRID chemical decontamination developed by 

KAERI is a waste treatment method using 

precipitation of decontamination reagents including 

potassium permanganate and sulfuric acid and 

decontaminated ions instead of the conventional 

method of ion exchange treatment in an effort to 

reduce the chemical decontamination waste volume 

and to make the resulted waste more suitable and 

stable for a final radioactive disposal [1]. In this 

study, the precipitation characteristics of Mn2+ and 

SO4
2-, the component ions of oxidizing agents, by 

Ba(OH)2 or NaOH were investigated for optimization 

of the precipitation process. 

 

2. Experimental 

 
The concentration of Ba(OH)2 or NaOH injected 

into the 6 mM MnSO4 solution was varied from 0 to 

7.2 mM to confirm the precipitation characteristics of 

Mn2+ and SO4
2- by Ba(OH)2. In order to investigate 

the precipitation characteristics of Mn2+ and SO4
2- in 

the HyBRID conditions containing excess amount of 

sulfate, 37 mM H2SO4 and 6.33 mM Mn2+ were 

mixed in a glass beaker. Then, Ba(OH)2 or NaOH 

were added to the mixed solution to raise the pH up 

to 11. To confirm that the precipitated Mn(OH)2 was 

re-dissolved, Mn(OH)2 was stirred in 37 mM H2SO4. 

The pH value was measured by pH meter 

(STARA211, Thermo Orion, USA) and residual 

concentration of Mn(II) was confirmed by 

Inductively Coupled Plasma-Optical Emission 

Spectroscopy (Optima 2100DV, PerkinElmer). 

 

3. Results and Discussion 

 
Based on the dissociation constants of MnSO4 

(5.2x10-3), Mn is predominantly presents as MnSO4 

(aq) rather than Mn2+ under the condition that SO4
2- 

coexists. Moreover, as can be seen from Pourbaix 

diagrams of Mn in Fig. 1, Mn2+ is generally 

precipitated as Mn(OH)2 above pH 7. 

 

 
Fig. 1. Potential-pH Pourbaix diagrams of manganese. 

 
However, the residual fraction of Mn(II) was 

abruptly decreased with increasing pH by Ba(OH)2 

or NaOH injection under HyBRID conditions, and 

around 60% of Mn(II) was precipitated at pH 3. This 

result suggests that Mn(II) could be precipitated 

below pH 3 as Mn(OH)2 by OH- injected to 

neutralize H2SO4 (Fig. 2). Moreover, the added OH- 
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is expected to react more favorably in the formation 

of Mn(OH)2, because Mn(OH)2 

than Mn2+ and H2O (Table 1). 

 

 
Fig. 2. Mn(OH)2 precipitation behavior by Ba(OH)2 or 

NaOH addition in the simulated HyBRID Mn2+ and sulfate 

liquid waste and MnSO4 solution. 

 
Table 1. Standard thermodynamic values at 25  

G 

(KJ/mol) 

H2O Mn2+ Mn(OH)2 MnSO4
* 

-237 -228 -615 -957.42 

* is not precipitated due to high solubility in water. 

 
On the other hand, when the precipitated Mn(OH)2 

was dissolved by 37 mM H2SO4, the dissolution rate 

of Mn was confirmed to be slow.  

 
Table 2. Dissolution rate of precipitated Mn(OH)2 in 37 

mM H2SO4 

Time (min) pH Dissolved Mn (%) 

30 1.62 37.4 

60 1.58 40.1 

120 1.57 41.6 

 

4. Conclusion 

 
The manganese precipitation characteristics with 

the addition of barium hydroxide were compared 

with the case where there was more sulfuric acid than 

manganese and the same concentration, and the 

following conclusions were obtained. 

1. The manganese precipitate is a manganese 

hydroxide and the manganese hydroxide 

precipitation in excess sulfate condition can be 

take place even in the low pH far less than 7 

unlike the Mn Pourbaix diagram in the water. 

2. The precipitation of manganese hydroxide at the 

low acidity seems to be due to heterogeneous 

mixing of barium hydroxide in the process of 

transition from turbulent macro-mixing to 

molecular diffusional micro-mixing and thereby 

formation of a local acidity of 7 or more where a 

manganese hydroxide is precipitated, and the 

reverse reaction was not took place after uniform 

mixing of barium hydroxide due to the solid 

liquid non-equilibrium characteristics.  
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