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1. Introduction 

 
A cave repository in Korea has been operated to 

permanently dispose the radioactive wastes generated 
from nuclear power plants. To take over radioactive 
waste in the repository, > 95 % of the total activity in 
a drum should be accounted for based on the 
radioactive waste acceptance criteria specified by 
nuclear safety and security commission (NSSC) [1]. 
And activity concentration (Bq/g) of 13 nuclides, 
such as 14C, 144Ce, 58,60Co, 137Cs, 55Fe, 3H, 129I, 59,63Ni, 
94Nb, 90Sr, 99Tc, and total alpha activity should be 
identified.  

Thirteen nuclides and alpha emitting nuclide are 
divided into two groups, volatile and nonvolatile 
nuclide. The identical solution was used to measure 
radioactivity of nonvolatile nuclide such as 144Ce, 
58,60Co, 137Cs, 55Fe, 59,63Ni, 94Nb, 90Sr, 99Tc, and alpha 
emitting nuclide. To evaluate the radioactivity of 
nuclides in the spent ion exchange resin, it is 
necessary to make a solution where the nuclides are 
dissolved. We herein study desorption of mixed ion 
exchange resin using a high-performance microwave 
digestion system (HP-MDS) and a dry ashing method. 
 

2. Experiments  
 
2.1 Adsorption Tests  

 

One gram of inactive mixed (anion and cation) 
ion exchange resin was weighed using a weighing 
plastic dish. It was transferred to a centrifuge tube 
and 20 mL of distilled and demineralized water 
(DDW) was added. Nine elements (Ce, Co, Cs, Fe, 
Nb, Ni, Re, Sr and U) were added to the tube. The 

amount of element added was as follows; (1) 1 mg 
of Ce, Co, Ni, (2) 2 mg of Fe, Nb, Re, Sr, (3) 0.1 
mg of Cs, (4) 0.2 mg of U. After 1 day passed, the 
supernatant was separated from the mixed ion 
exchange resin using a Whatman No 42 filter paper. 
The amount of adsorbed 9 elements was calculated 
after the measurement of element in the supernatant 
using ICP-AES and ICP-MS.  

 
2.2 Desorption Tests Using a High-Performance 

Microwave Digestion System  

 
To desorb the adsorbed element in the mixed ion 

exchange resin using an HP-MDS, three kinds of 
mixed acid was tested as follows; (1) 7 mL of conc. 
HNO3 and conc. HCl plus 0.25 mL of conc. HF, (2) 
10 mL of conc. HNO3 plus 4 mL of conc. HCl plus 
0.25 mL of conc. HF, (3) 10 mL of conc. HNO3 
plus 3 mL of H2O2 plus 1 mL of conc. HCl plus 
0.25 mL of conc. HF. The operating conditions of 
an HP-MDS are shown in Table 1. 

 
Table 1. Operating conditions of an HP-MDS 

Step Power (W) Time (min) 

1 290 5 

2 400 10 

3 300 20 

4 250 10 
 
The amount of desorbed 9 elements in the obtained 

solution was measured using ICP-AES and ICP-MS. 
 

2.3 Dry ashing pretreatment  

 

After desorption of the adsorbed 9 elements in the 
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mixed ion exchange resin using an HP-MDS [2], the 
mixed ion exchange resin used was transferred to a 
Pyrex beaker and heated till 450  to make sure that 
Ce remains in the ion exchange resin. To dissolve the 
ash produced using an HP-MDS, conc. HNO3 (4 mL), 
H2O2 (1x3 mL), conc. HCl (1 mL) was added to the 
beaker and it was transferred to a microwave 
digestion (MD) vessel including conc. HF (0.25 mL). 
The beaker was washed with conc. HNO3 (2x3 mL) 
and the washed solution was transferred to the MD 
vessel. Following the operation of an HP-MDS, the 
contents of 9 elements in the ash were measured 
using ICP-AES and ICP-MS. 
 

3. Results & Discussion 
 

The recovery of Fe was not largely differed 
between 4 M HCl and 10 M HCl using an HP-MDS, 
although the distribution coefficient of Fe in cation 
ion exchange resin with 3.5 M HCl is minimum 
value. Eight elements except Ce, as shown Table 2, 
were quantitatively recovered using an HP-MDS in 
the mixture of conc. HNO3 (7 mL)-4 M HCl (7 
mL)-conc. HF (0.25 mL). However, the Ce in the 
mixed ion exchange resin adsorbed was not 
quantitatively desorbed irrespective of the heating 
time of an HP-MDS and the amount of HNO3 and 
HCl, respectively. In addition, following two 
operations of an HP-MDS, it was confirmed that 
there was Ce in the ash produced. 

Thus, to increase the Ce recovery, H2O2 as an 
oxidizing agent was added to a microwave digestion 
vessel, and an HP-MDS was operated in the mixture 
of conc. HNO3 (10 mL)-H2O2 (3x1 mL)-conc. HCl 
(1 mL)-conc. HF (0.25 mL). It was found that Ce, 
Co, Cs, Fe, Nb, Ni, Re, Sr and U elements were 
quantitatively recovered. The recovery of Ce was 
increased from 64.0 % to 92.4 % using an HP-MDS 
in the mixture of HNO3-H2O2-HCl-HF. It is very 
important to add H2O2 in three times (3x1 mL) to 
prevent the solution from overflowing.  

 
 

Table 2. Recovery of 9 elements using an HP-MDS 

Element Recovery 
(%) Element 

Recovery 
(%) 

Ce 57.2 Ni 102.0 

Co 100.2 Re 85.0 

Cs 97.3 Sr 95.7 

Fe 96.8 U 87.0 

Nb 97.0   

 

4. Conclusions 
 

We developed a pretreatment procedure for the 
measurement of radioactivity in mixed ion 
exchange resin radioactive waste samples. The ICP-
AES and ICP-MS analytical results showed that 9 
elements were quantitatively recovered in mixed ion 
exchange resin with a mixture of HNO3-H2O2-HCl-
HF using an HP-MDS. This procedure will be 
applied to pre-treatment of radioactive ion exchange 
resin samples to measure -emitting 
nuclides. 
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