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Fig.1.1  Electroplating mechanisim. 
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Fig.1.2  Patterning process. 
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Fig.1.3  Crystal layer fabrication by flux coating method. 

 

 

(Solute + Flux) Heating → Holding → Cooling

Dissolution Crystal growthNucleation
Substrate



9 
 

1.4

 

 

 
 

Fig.1.4  Patterned plating - flux coating complex technique. 
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Fig.1.5  Schematic illustration of LIB structure. 
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Table.2.1  Chemical formula of organic acids. 

 

Organic acid Concentration Structural formula 

CyDTA 20 g/L (0.06 mol/L) 

 

Citric acid 12 g/L (0.06 mol/L) 

 

Succinic acid 7 g/L (0.06 mol/L) 

 

Acetic acid 3.6 g/L (0.06 mol/L) 
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500 rpm
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Table 2.2  Plating process and plating conditions for manganese electrodeposition. 

 

Process Temperature Time 

Ethanol immersion R.T. 1 min 

Vacuum Degassing R.T. 20 min 

Degreasing R.T. 1 min 

Manganese plating 

(10A/dm2, pH=2) 

30 ºC 1 min 

Removal of the oxide film R.T. 1 min 

Antioxidant R.T. 1 min 
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Fig.2.1  Effect of the pH of plating baths on the appearance of hull cell test panels at 20 ºC: 

pH=1.0, 2.0, 3.0 and 4.0. 
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Fig.2.2  Effect of the temperature of plating baths with the pH of 2.0 on the appearance of 

hull cell test panels under various temperature of 20 ºC, 30 ºC and 40 ºC. 
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Fig.2.3  Cyclic voltammogram of the manganese plating baths at 30 ºC with the scan rate 

of 0.1 V/s under various pH conditions of pH 2.0, pH 1.0, and pH 2.0 without MnSO4. 
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Fig.2.4  Titration curves of manganese plating baths at 30 ºC with the pH of 2.0 with 

addition of CyDTA, citric acid, succinic acid and no buffers, as a control sample. 
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Fig.2.5  Cyclic voltammogram of the manganese plating baths at 30 ºC with the pH of 2.0 

and the scan rate of 0.1 V/s with addition of various organic acid-based buffers of CyDTA, 

citric acid, succinic acid and acetic acid. 
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Fig.2.6  Surface SEM images of the plated substrate surfaces prepared from the various 

plating baths with different organic acids-based buffers: (a) no addition, as a control sample 

(b) CyDTA, (c) citric acid, (d) succinic acid and (e) acetic acid. 
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Fig.2.7  Internal stress measurement of the plated substrates prepared from the manganese 

plating baths with addition of various organic acid-based buffers of CyDTA, citric acid, 

succinic acid, acetic acid, and no buffers, as a control sample. 
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Fig.2.8  XRD profiles of the plated substrates prepared from the various plating baths with 

different organic acid-based buffers of CyDTA, citric acid, succinic acid, acetic acid, and no 

buffers, as a control sample. 
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Fig. 2. 9  Optical image of electrodeposited manganese layer on DFR film patterned 

substrates from the various plating baths with different organic acid-based buffers : (a) 

original substrate before plating, (b) no addition, (c) CyDTA, (d) citric acid, (e) succinic 

acid and (f) acetic acid. 
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Fig.2.10  Surface SEM images of the Mn bump patterns deposited from CyDTA 

containing plating bath after DFR development. 

 

 

 

 

Fig.2.11  Cross-sectional SEM image of the bump patterns deposited from CyDTA 

containing plating bath after DFR development. 
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Fig.3.1  XRD profiles of Mn powders after heating at 900oC for 1 h with (a) No flux , (b) 

KCl flux, (c) KOH flux, and (d)KNO3 flux. 
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Fig.3.2  SEM images of crystals grown from (a) no flux, (b) KCl flux: 50 mol% at 900oC 

for 1 h. 

(a) Non-Flux (b) KCl 50 mol%
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Fig.3.3  TG-DTA profiles of mixed powers of Mn, LiOH H2O, and KCl fluxes under 

heating rate 15oC/min. 
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Fig.3.4  SEM image of Mn microstructers grown on the Pt substrate. (a) Mn 

microstructers, (b) blue point, and (c) red point. 
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Fig.3.5  XRD profiles of Mn microstructers grown on the Pt substrate. 
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Fig. 3. 6  Cross-sectional FIB image of Mn microstructers grown on the Pt substrates. 
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Fig.3.7  SEM image of Mn deposited on Pt substrates with Line / Space=12 / 8�m pattern. 

10 μm
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Fig.3.8  XRD image of Mn microstructers grown on the Pt substrate: (a) after heating at 

900oC for 1 h in molton KCl, (b) ICDD data of LiMn2O4 (PDF 89-8325). 

 

 

 

Fig.3.9  SEM images of Mn microstructers grown on the Pt substrate: (a) after heating at 

900oC for 1 h in molton KCl, (b) higher magnified surface SEM image of (a). 
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Fig.3.10  Cross-section SEM image of Mn microstructers grown on the Pt substrate after 

heating at 900oC for 1h in molton KCl. 
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Fig.3.11  XRD profiles of after Mn microstructures deposit on the Pt substrates: (a) as 

prepared and (b) after heating at 500 oC for 20 h. 



57 
 

 

 

Fig.3.12  Cross-section FIB images of Mn microstructures directly deposited on the Pt 

substrates (a) after heating at 500oC for 20h, and (b) higher magnified FIB image of (a). 
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Fig.3.13  Cross-sectional SEM images of Mn microstructers grown on the Pt substrate 

after heating at 900oC for 1h in molton KCl: (a) in air, and (b) under O2 flow. 
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Fig.3.14  Voltage-capacity profiles of LIB using flux grown LiMn2O4 crystal layers 

measured at 0.2 C. 
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Fig.4.1 Changes in the 45o-tilted FE-SEM images of the Co dot arrays directly deposited 

on the Pt substrate: (a,b) as prepared Co dot with average diameter of 7��m, and (c,d) after 

heating at 500oC for 50 h in a molten LiNO3. 
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Fig.4.2  Changes in the XRD profiles of the Co dot directly deposited on the Pt substrate 

(a) as prepared, (b) 500oC, (c) 500oC for 1 h, (d) 500o C for 10 h, and (e) 500oC for 50 h. 
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Fig.4.3  Changes in the SEM images of the Co dot directly deposited on the Pt substrate 

(a) as prepared, (b) 500oC, (c) 500oC for 1h, (d) 500oC for 10h, and (e) 500oC for 50h. 



74 
 

500oC 10 h Co SEM-EDS 4.5 O2

Co Co Co3O4 LiCoO2

Li0.6Co0.94O 4.4 

LiCoO2

Co3O4 LiCoO2

13)-16) Co O2

17)-19)  

 

 

 

Fig.4.4   Changes in the cross-sectional SEM images of the Co dot directly depositedon 

the Pt substrate (a) as prepared, (b) 500oC, (c) 500oC for 1 h, (d) 500oC for 10 h, and (e) 

500oC for 50 h. 
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Fig.4.5  SEM-DES image with elemental mapping of O and Co in the Co dot array 
directly deposited on Pt substrate after heating at 500oC for 10h in a molton LiNO3. 

 

 
 

Fig. 4. 6  Schematic illustration of the plausible mechanism of the LiCoO2 dot array 

formation. 
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Fig.4.7  Changes in the surface and cross-sectional SEM images of the LiCoO2 dot arrays 

on the Co dot array directly deposited on Pt substrate: (a,c) as prepared arrays at 500oC for 

10h in a molton LiNO3 , and (b,d) after annealing at at 700oC for 1h. 
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Fig.4.8  First 3 charge and discharge curves of the 7 �m- LiCoO2 dot array electrode. 
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Fig.4.9  First 3 charge and discharge curves of the 9 µm- LiCoO2 dot array electrode. 
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