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Objective/Problem Statement 

• Construct a model that predicts the physical 
processes during the production of fluorine by 
electrolysis.  

 

• Simulation will be validated by comparing COMSOL 
simulations to published simulations. 

 

• Upon completion of the reactor under construction, 
experimental findings will be compared to the 
simulations. 

 



Background 
• Uses were initially limited to the nuclear industry 

where it was used for uranium enrichment.  

 

• Fluorine finds a wide range of uses today from non-
stick cookware to HydroFluoroCarbons used during 
refrigeration. 

 

• Electrolysis of hydrogen fluoride in molten potassium 
acid fluoride facilitates the formation of fluorine gas. 
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Simulation Procedure 

Reactor cross-section 



Simulation Procedure (Continued) 

Electrolyte cross-section 
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Momentum Transfer Boundaries 
• Gas inlets at electrodes 
• Gas outlet at top of electrolyte 
• No flow of electrolyte through any 

boundaries 

Mass Transfer Boundaries 
• Movement allow in and out of 

electrodes 
• No flow of dissolved species through 

any boundaries 

Electron Transfer Boundaries 
• Current density specified on 

electrodes 
• Insulation all other boundaries 
Heat Transfer Boundaries 
• Temperature specified on side walls 
• Insulation all other boundaries 



Simulation Procedure (Continued) 

• Electron Transfer 
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Simulation Procedure (Continued) 

• Mass Transfer 
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Simulation Procedure (Continued) 

• Momentum Transfer 
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Simulation Procedure (Continued) 
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Simulation Procedure (Continued) 



Results & Discussion 



Results and Discussion (Continued) 



Results and Discussion (Continued) 



Results and Discussion (Continued) 



Results and Discussion (Continued) 
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Movies/Temperature.avi


Results and Discussion (Continued) 



Results and Discussion (Continued) 
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Movies/HF Concentration.avi


Results and Discussion (Continued) 



Results and Discussion (Continued) 



Results and Discussion (Continued) 



Results and Discussion (Continued) 

Play 

Movies/Gas Fraction.avi


Reproduced from Espinasse, G, Peyrard, M, Nicolas, F and Caire JP (2006)  

“Effects of hydrodynamics on Faradaic current efficiency in 
a fluorine electrolyser” Journal of Applied Electrochemistry (2007) 37:77-85. 

Results and Discussion (Continued) 



Results and Discussion (Continued) 

Reproduced from Rouston, H, Caire, JP, Nicolas, F, Pham, P (1997) 
 “Modelling coupled transfers in an industrial fluorine electrolyser”  
Journal of Applied Chemistry, 28 (1998) 237-243.  

Key: (1) 0.0 V;  
(2) 0.5 V;  
(3) 1.0 V;  
(4) 1.5 V;  
(5) 7.5 
…(9) 9.5 V. 



Results and Discussion (Continued) 

Reproduced from Rouston, H, Caire, JP, Nicolas, F, Pham, P (1997) 
 “Modelling coupled transfers in an industrial fluorine electrolyser”  
Journal of Applied Chemistry, 28 (1998) 237-243.  

Key: (1) 325 K;  
(2) 332 K;  
(3) 339 K;  
(4) 346 K;  
(5) 353 K;  
(6) 360 K;  
(7) 367 K;  
(8) 374 K;  
(9) 381 K;  
(10) 388 K.  



Conclusions 

• The simulated results of the UP experimental 
reactor are reasonable and within expected 
limits. 

 

• The COMSOL simulations of published 
experimental results compare favourably to 
the published results in most cases. 



Recommendations 

• Use of the simulated results as a guideline during the 
experimental investigation of the reactor 
performance 

 

• Thorough investigation into physical constants used 
during simulation 

 

• Investigation of equations used during simulation, 
specifically the Ohmic-heating equation 
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Thank you 



Boundary Conditions 

• Heat Transfer Boundary Conditions 

• Electron Transfer Boundary Conditions 



Boundary Conditions 

• Mass Transfer Boundary Conditions 



Boundary Conditions 

•Momentum Transfer Boundary Conditions 


