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1. Introduction 

 

   Iodine is one of the most important radioactive 

materials that could be generated during a severe 

accident at a nuclear power plant. Physical and 

chemical behavior of iodine has become a major 

issue in the international nuclear research projects for 

a long time.[1] KINS has been carrying out research 

on the iodine behavior using MELCOR, the 

integrated severe accident assessment code. 

Meanwhile, KINS has developed the stand-alone 

code, RAIM, and then coupled it with MELCOR to 

build MELCOR-RAIM. 

Adsorption of iodine vapor is one of key 

mechanisms for its removal and production of 

organic iodide. This mechanism may become more 

interesting to the analysis of the plant using ��� 

control rod, where much portion of iodine releases 

into the containment in the gas form.[2] However, 

the MELCOR code does not treat adsorption and 

absorption in detail, while it deals with condensation 

and evaporation of aerosols in the gas phase. On the 

other hand, RAIM takes simple assumptions for the 

adsorption velocity. Therefore, improvement of this 

model was required. The Belval-Haltier’s iodine 

adsorption model developed from PHEBUS-FP 

experimental result was one alternative. This paper 

presents the results from the comparative study of 

the default adsorption model of RAIM and the 

Belval-Haltier’s model.    

 

2. Default adsorption model of RAIM 

 

It has been shown that the RAIM code agrees 

reasonably with the experiment results from 

EPICUR, as shown in Fig. 1.[3]  
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Fig.1. Comparison of the calculated values of 

organic iodides with the experiment result (S1-7 

experiment)  

 

 The adsorption rate of RAIM for painted surface is 

calculated using: 
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where, %�� is the adsorption rate constant (s'() and 

v*(���+)  is deposition velocity of iodine onto dry 

painted surfaces at 25℃	(dm ∙ s'() . ∆E123 is the 

adsorption rate’s activation energy (J/mol), R is the 

gas constant (J/K ∙ mol), and T5  is the wall 

temperature.[4] This adsorption formula is a kind of 

the Arrhenius equation. 

 

3. Belval-Haltier’s adsorption model developed 

from the PHEBUS-FP experimental results  
 

The adsorption velocity in the gas phase was 

studied by Belval-Haltier for the representative 

reactor conditions. It was found that both the 

temperature of the carrying gas and the 

preconditioning temperature of the paint affect the 

adsorption velocity.  

 
�678� = −7.68 × 10'�# + 1.75 × 10'?#@�A − 0.084 

 

Where, �678� is the adsorption velocity in dm/s, T is 

the temperature of the gas in ℃ , and #@�A  is the 

maximum exposed temperature of paint in ℃. This 

relation is valid in the temperature range of 90-130℃ 

only. It was verified that the adsorption velocity was 

consistent with the preceding formulation for on the 

results of one experiment conducted in the CAIMAN 

facility under condensing conditions.[5] 

When pressure and temperature are changed in the 

gas phase, we may observe condensation of gas at 

the surface area. The amount of adsorbed gas on the 

wall depends on the temperature, pressure, the type 

of gas and the material of wall. If pressure is 

maintained, the adsorption capacity is associated 

only with temperature changes.[6] 

 

4.  Comparison of Belval-Haltier’s adsorption 

model with the default RAIM model 

 

For comparison of the two adsorption rate 

equations, they were applied to the PHEBUS-FP 

experiment on painted surface at 90℃.   

 

4.1 Concentration of iodine vapor in the atmosphere 
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Fig. 2 shows the concentration of iodine gas in the 

atmosphere. The default RAIM model estimated 

about 10 times more than the Belval-Haltier’s model. 

 

Fig.2. Concentration of iodine vapor in the 

atmosphere 

 

4.2 Organic iodide concentration 

 

Fig. 3 shows that the amount of the organic iodide 

in the gas phase. Both models match up exactly. 

 

Fig.3. Organic iodide generation 

 

4.3 Adsorption of iodine gas 

 

Fig. 4 shows that both models estimated the same 

amount of adsorption of iodine gas except the data 

for the first 12 seconds. 

 Fig.4. Adsorption of iodine gas for the whole test 

period and for the first 12 seconds 

 

4.4 The amount of total iodine 

 

Fig. 5 shows that the estimates of the total amount 

of iodine were equal for both models. It means that 

the mass balance for both cases was maintained.  
 

 

 

Fig.5. Total amount of iodine  

 

5. Conclusions 

 
In order to improve the iodine adsorption model of 

RAIM, an adsorption rate equation developed from 

the PHEBUS-FP experimental results for painted 

surface was applied to the RAIM code. 

Comparison of this alternative model with the 

default model showed that both models agree well 

for the estimation of iodine concentration except that 

of iodine vapor in the atmosphere. The reason for 

this difference is being examined. After fixing the 

problem, the RAIM model with the alternative 

adsorption rate equation can be applied to simulate 

experiments such as PHEBUS-FP experiments.  

 

Acknowledgments 
 

This work is based on the results from the 

International Source Term Programme operated by 

the IRSN, SARNET2 WP8 and Long-Term Nuclear 

Research and Development program of Nuclear 

Safety and Security Commission (NSSC). 

 

REFERENCES 

 
[1] ] Han-Chul Kim et al., Development of  the assessment 

methodology for chemical behaviors of organic radioioine 

under severe reactor accident conditons, 2011.  

[2] Han-Chul Kim et al., Improvement of source term 

assessment method by the development of MELCOR code 

applicable RAIM, 2012. 

[3] Han-Chul Kim et al., A RAIM-parametric study of the 

condition on radioactive organic iodine production 

following a severe accident, 2011. 

[4] J.C. Wren et al., A simplified model for containment 

iodine chemistry and transport : model description and 

validation using stainless steel RTF test results, OECD 

workshop on iodine aspects of severe accident 

management, 1999 

[5] M. Petit et al., Iodine behavior during severe 

accidents, 2000.  

[6] Motoyuki Suzuki., Adsorption Engineering, 2000 


