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박 태 진 
방사성폐기물처분연구부 

Use of high-temperature oxide 
melt solution calorimetry in 
understanding long-term 

behaviors of ceramic waste forms 
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An inorganic, nonmetallic solid material 
 
Crystallinity:    Glass                       Ceramic 
 
Application:  

pottery, tableware, cookware, building materials, 
aerospace materials, to nuclear materials (e.g., UO2 
pellets, waste forms, etc.) 
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  “AaBbCcOx“ 
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Which one is better?  
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BbCcOx             

BbCcOx            

BbCcOx             
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BbCcOx             

(A = Cs) 

(A = Sr) 

 AaBbCcOx 
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In nature, charge is balanced 

2Cs+ = Ba2+ + □ (□ = vacancy) 

CsBbCcOx  Cs0.5Ba0.25□0.25BbCcOx 

 

   Cs0.25Ba0.375□0.375BbCcOx  … 

HOW DO THE STRUCTURE AND 
ITS STABILITY RESPOND TO 

THESE CHANGES?  
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OECD NEA:  
Chemical Thermodynamics 

- 원자력연료/폐기물 등의 열역학적 안정성을 예측하고 거
동특성을 평가하는데 반드시 필요함 

- 원자력 분야 뿐 아니라 에너지, 환경, 재료, 나노, 화학 등 
다양한 분야에 활용되는 기초 정보임 
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- 열량을 측정하는 계기. 칼로리미터 (Calorimeter) 
- A calorimeter is a device used to measure the quantity of 

heat transferred to or from an object. 
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수용액에 녹지 않는 고체   
   기존의 방법(다른 열량계)으로 형성엔탈피 등을  
      구할 수 없음 

- 원자력연료/폐기물 등은 대부분 고체상으로 존재  
  (암석, 광물, 세라믹 물질 등) 

한계 
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Metal Oxides (including AaBbCcOx) 
   용융염 조건에서 녹일 수 있음 
   따라서, 형성엔탈피 등을 구할 수 있음 

- 원자력연료/폐기물 등은 대부분 고체상으로 존재  
  (암석, 광물, 세라믹 물질 등) 
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- High Temperature Oxide Melt Solution Calorimetry:  
  용융염 조건에서 열역학 정보를 측정할 수 있는 시스템 

- 세계적으로 미국, 독일, 러시아, 인도만 소유 중임. 

미국:   UC Davis (원천기술개발),  
  Pacific Northwest National Laboratory,  
  Los Alamos National Security, LLC,  
  Univ of Notre Dame 

독일:   Freiburg University,  
  Karlsruhe Institute of Technology (KIT) 

러시아: National Univ. of Science and Technology 

인도:  BARC – Actinide Thermochemistry Section 
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- 시료가 상온에서 고온에 이르기까지의 열(ΔHttd)과 용해시 
발생하는 열(ΔHsol)의 합(ΔHds)을 측정  

• ΔHds = ΔHttd + ΔHsol    • ΔHttd = ∫25C  CpdT  
702C 
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  - Thermochemical cycle을 적용하여 형성엔탈피(ΔHf,ox) 계산 
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- 관심물질의 안정성 예측 및 거동특성 평가 

US DOE NERI project (DE-FC07-07ID14830): Development of New Fission Products 

“Nuclear Fuel in a Reactor Accident,”  
Science 335, 1184 (2012). 

“Taking the Measure of Molten Uranium Oxide,”  
Science 346, 916 (2014). 
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US DOE Nuclear Energy Research Initiative (NERI):  

  New Fission Product Waste Forms: Development and 

Characterization 
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US DOE Nuclear Energy Research Initiative (NERI):  

  New Fission Product Waste Forms: Development and 

Characterization 



CsAlSi2O6 

wikipedia.com 

CsTiSi2O6.5 

(Titanosilicates) 

named after Pollux 

Attribution: Janos Korom Dr. 

Castor and Pollux 

14 



15 



16 



17 

Park, T.-J. et al., J. Am. Ceram. Soc. 94[9], 3053 (2011). 
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ΔHf,ox are exothermic and 

become less so with 

increasing Ba content. 

 

The effect of vacancies in the 

pollucite structure is a more 

dominant factor in the 

energetics than that of Ba 

replacement.  
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