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Conditions 

・Pressure : atmospheric pressure (atm)  
       15 MPa[1] (high pressure,    
       subcritical, or supercritical)  
・Temperature : 25, 30, 40ºC 
 
・Current density : 5-15 A/dm2  
・ Charge : 288 C 
 

Electrodes  
・Cathode : Cu 
・Anode :     Pt 

 
Additive-free 

Electrolyte 
・CoSO4

.7H2O  (300 g/L) 
・CoCl2

.6H2O    (45 g/L) 
・H3BO3             (40 g/L) 
・CO2                 (0 or 20 vol.%) 

Materials High pressure apparatus 

Conclusions 
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Supercritical  
state 

Critical point 
(7.38 MPa, 31.1°C) 

Temperature 

 Features of sc-CO2 

     ・low viscosity (high diffusivity) 
     ・low density 
     ・miscibility with H2 

S 

 More f.c.c phases were obtained at 15 MPa than at atm. 
 Defect-free films were obtained  with supercritical carbon dioxide below 15 A/dm2.  
 At 15 MPa, a decrease in temperature led to the decrease in Ra. 
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Applications of Supercritical carbon dioxide (sc-CO2) 

 Morphology and XRD of cobalt films 

Results and discussion 

• More h.c.p phases were obtained with an increase 
in current density. 

• More f.c.c phases were obtained at 15 MPa. 

Ra and 
 Average grain size 

Acknowledgment  
This work has been supported by the Grant-in-Aid 
for Scientific Research (S) (JSPS KAKENHI Grant 
Number 26220907) and CREST Project operated by 
the Japan Science and Technology Agency (JST). 

300 μm 6 μm 

25°C, 15 MPa 

300 μm 6 μm 

30°C, 15 MPa 

300 μm  
6 μm 

25°C, atm 

300 μm 6 μm 

30°C, atm 

Morphology and defect 

• Defect-free films were obtained  with sc-CO2 
when current density is below 15 A/dm2. 

• Cobalt (III) oxide black [2] was observed at low 
current densities. 

Current Density ↑  =  Average Grain Size ↓ Current Density ↑  =  Ra ↓ 
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