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1. Introduction 

 

The organic liquid radwastes that has been 

generated in the KAERI is temporarily stored and 

managed in the radioactive waste treatment facility. 

Approximately 67% of these organic hybrid wastes 

are comprised of alcohol, acetone, TBP, Dodecane, 

and etc. The best treatment option to treat the organic 

liquid waste is incineration but it is not easy to have 

approval from governments due to the politic issue.    

In this study, the candidates of polymer 

compounds that can selectively adsorb only organic 

matters in the mixed solution were selected. In order 

to understand the structure and characteristics of 

synthesized candidates, Density of State (DOS), band 

structure and optimized structure were calculated by 

using Density Functional Theory (DFT) calculation 

technique and the adsorption energies to TBP and 

dodecane, which are typical organic materials for 

organic radioactive wastes, energies to TBP and 

dodecane, which are typical organic materials for 

organic radioactive wastes, were calculated by 

molecular mechanics technique.  

The final goal of this research is to develop a 

technology for separating organic compounds and 

inorganic materials from organic hybrid waste liquids 

using microporous polymer polymers- and graphene- 

sponge materials. 

 

 

2. Method 

 

2.1 Density Functional Theory 

 

Density functional theory (DFT)[1] is a 

computational quantum mechanical modelling 

method used in physics, chemistry and materials 

science to investigate the electronic structure (or 

nuclear structure) (principally the ground state) of 

many-body systems, in particular atoms, molecules, 

and the condensed phases 

All calculations consider the spin-polarization, and 

the density functional theory (DFT) was used to 

calculate the total energies, forces, and energy 

profiles. 

 

2.2 Building Blocks 

 

For the sponge materials, we prepare several types 

of building blocks. Fig. 1 shows the first building 

block and we calculated the structure stability and 

binding energy using DMol3 DFT calculation 

package.  

 

 
Fig. 1. Building block #1. White balls represents hydrogen 

and gray balls are carbon. 
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We performed geometry optimization in order to 

calculate the structure stability, and we performed 

binding energy calculation between building blocks 

and dodecane in order to check the absorption 

possibility. 

Calculation parameters are summarized in Table 1.  

 

Table 1. Parameter values 

Parameters Values 

Energy Limit 1.0E-5 Ha 

SCF tolerance 1.0E-6 

Max. Force 0.002 Ha/  

Max. SCF Cycles 50 

Max. 
Displacement 0.005  

Max. iterations 100 

 

3. Results and Discussion 

 

We performed the geometry optimization and 

binding energy calculation for the building block and 

honeycomb structure. And calculate the geometry 

energy with dodecane. 

Table 2. shows the results for each structure 

 

Table 2. Structure optimization results 

Structure Energy (Ha) 

 
-538.9455 

 

-3683.1248 

 

-4628.0137 

The results shows that the final geometry energy 

which has dodecance inside is lower than the 

predicted energy. The prediction energy is -

4155.5703 Ha, which is summation of all energies of 

building block and dodecane. It means that the 

structure containing dedecane is stable. And the 

binding energy between dedecane and the 

honeycomb structure is -1.05eV. 

 

4. Conclusion 

 

The structure stability with dodecane of building 

block was calculated and it shows that the structure is 

stable. And the binding energy between dodecane 

and honeycomb structure is -1.05eV. It indicate that 

the dodecane will be absorbed strongly in the 

honeycomb structure. 

3~4 more candidate building blocks will be 

calculated and compared. 
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