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1.1 │∂╘⌐ 

 ╩ ⌂◄Ⱡꜟ◑כ ≤∆╢ ⌐╟∫≡ ⌂≥─ ●☻

⅜ ≤⌂∫≡⅔╡⁸ ╛ ⌂ ⁸ ─ ⁸

─ ⌂≥ ⅜ ↕╣≡™╢⁹ ⌐│ 200 ppm ≢ ⇔≡™√

─ CO2 │ ╩ ⌐ ⇔≡⅔╡⁸ 400 ppm ╩ ⅎ≡™╢[1, 2]⁹ 

↓─╟℮⌂ ⅛╠⁸2015 12 ⁸ UNFCCC 21

COP21 ⌐⅔™≡₈Ɽꜞ ₉⅜ ↕╣⁸ ≢ ╩ ⌐ ═≡

2 ºC ⌐ ™ ╘╢Γ2 ºC Δ╩ ∆╢√╘─ ⅜ ∟ ↕╣√[3]⁹CO2 ╩

∆╢√╘⁸ ╩ ◄Ⱡꜟ◑כ ⁸ ⌂≥ ⅛╠ ◄Ⱡ

כ◑ꜟ ⁸ ⌂≥ ⌐ ⅝ ⅎ╢ ⅝⅜ ⇔≡™╢[4]⁹ 

 ⁸ ⁸Ᵽ▬○ⱴ☻ ─ ◄Ⱡꜟ◑כ╩ ∆╢↓≤│ ─ ⌐╟╢

◄Ⱡꜟ◑כ ─ ⁸ ●☻ ⁸ ◄Ⱡꜟ◑כ ─ ⌂≥ ↄ─

⅜№╢[5]⁹ ≢╙ 2018 ─ 5 ◄Ⱡꜟ◑כ ≢ ◄Ⱡꜟ◑כ╩

⌐∆╢ ⅜ →╠╣√⁹ ⁸ ⌂≥ ⅜ ⌐ ↕╣╢ │

⅜ ⇔™√╘⁸ ⌐ √∫≡│ ╩ ─ ≢ ∆╢ ⅜№╢⁹

≤ ─Ᵽꜝfi☻⅜ ⅝ↄ ╣╢≤⁸ ⅜ ⅝ↄ⌂╢↓≤⅜ ⅝ ≤⌂∫≡

╩ ⅝ ↓∆ ⅜№╢[6]⁹╕√⁸ ─ ⌐⅔↑╢ ⱤⱠꜟ─

≤ ─ ⌐ ℮ ⌐╟╡⁸ ┼ ⅜ ╣╢ ⅜ ↓╢

╣⅜№╢⁹ 

 ─╟℮⌂ ◄Ⱡꜟ◑כ ⌐⅔↑╢ ╩ ∆╢√╘⁸

╩ ⇔√ ≤ ─ ╛ ◄Ⱡꜟ◑כ Electric Energy Storage EES ◦☻

♥ⱶ─ ⌂≥─ ⅜ ⌐ ↑≡ ≢ ╘╠╣≡™╢⁹ 

 ◄Ⱡꜟ◑הכ NEDO ─ ◄Ⱡꜟ◑כ ⌐⅔™≡ ◄Ⱡꜟ

כ◑ ≤∕╣╠─ ↕╣╢ ⅜╕≤╘╠≡⅔╡⁸ 1.1⌐ ⇔≡ ∆[6]⁹EES

◦☻♥ⱶ─ ≢⁸ │ ─ ⅛╠ ─ ╕≢ ₁⌂ ≢

↕╣╢⁹╕√⁸ Electri c Vehicle EV ≤⇔≡╙ ⅜ ╘╠╣≡

⅔╡⁸ ↄ ≤⇔≡ ≤ ⅜ ↕╣≡™╢⁹ ⅜ EV ┼─ ╛

⌐⅔↑╢ ⌂≥≢ ≤⇔≡ ↄ ∆╢√╘⌐│⁸ ™╢ ─

◖☻♩ ╛ ה ⌂≥─ ⁸ ╡ ⇔ ⌐╟╢ ⅜ ⌂ↄ⌂
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╢↓≤ ╩ ∆╢↓≤⅜ ⌂ ≢№╢⁹ 

 

1.1 ◄Ⱡꜟ◑כ ─ ≤ ⁹ [6]⌐ ↕╣√ ╩ ⇔√ 

1.2 ♫♩ꜞ►ⱶ▬○fi  

 ≢ √╟℮⌐⁸ ─ ╩ ↕∑╢↓≤⅜ ─ ⌐

∆╢↓≤⅛╠⁸ ─ ╩ ⅎ╢ ⅜ ↕╣╢ ─ ⅜ ╘╠╣

≡™╢ 1.2 [7]⁹ ╛ ▬○fi │ ╘≡ ⅝⌂◄Ⱡꜟ◑כ ⅜ ╠

╣╢╙──⁸ ╡ ⇔ ⌐ ℮ ⅜ ⇔™⁸ ⌂ ╛ ⅜ ⌂™⌂≥─

⅝⌂ ⅜№╡⁸ ⌐ ↕∑╢√╘⌐│ ─ ╩ ∆╢√╘─Ⱪ꜠כ◒☻

⅜כꜟ ≤↕╣╢[8]⁹ ⁸♫♩ꜞ►ⱶ▬○fi Na-Ion Batteries NIB s │

╡ ⇔ ⌐ ⅎ╠╣╢ ↄ─ ⅜ ↕╣⅔╡⁸ꜞ ♅►ⱶ▬○fi Li -Ion 

Batteries LIB s ⌐ ∆╢ ╩ ∆╢ ≤⇔≡─ ⅜ ↕╣≡™

╢⁹ 
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1.2 ─  [7]⁹NEDO ꜡כ♪ⱴ♇ⱪ 2013≢ ↕╣√

╩ ⇔√ 

NIB ⌐ ™╢♫♩ꜞ►ⱶ │ ⌐ ↄ ⇔⁸ ◖☻♩≢ ⌐ ≢⅝╢

1.1 [9, 10]⁹ ∫≡⁸ ⅜ ⇔√ ⌐⁸LIB ⌐⅔™≡ ⌐ ↕╣╢ ⅜№

╢ ─ ╛ ─ꜞ☻◒╩ ≢⅝╢≤ ⅎ╠╣╢⁹╕√⁸♫♩ꜞ►ⱶ⅜

ꜞ♅►ⱶ⌐ ™≢ ↕⌂▪ꜟ◌ꜞ ≢№╡ ⅜ ™↓≤⅛╠⁸NIB ≢ LIB

⌐ ∆╢◄Ⱡꜟ◑כ ⅜ ╠╣╢≤ ↕╣╢ 1.1 [9, 10]⁹LIB ≢│ꜞ♅►ⱶ≤

⅜ ↓╢√╘⌐ ≢⅝⌂⅛∫√▪ꜟⱵ♬►ⱶ⅜ ─ ╦╡⌐ ─ ≤

⇔≡ ⌂↓≤╙ ⅝⌂ ─ ≈≤⇔≡ →╠╣╢⁹NIB ⅜ LIB ─ꜞ♅►ⱶ╩♫♩

ꜞ►ⱶ⌐ ⅝ ⅎ√ ≢№╢√╘⁸LIB ─ ≢ ↕╣√ ╩ ≢⅝╢⁹NIB ─

≢ ╠╣√ ╩ LIB ─ ⌂╢ ─√╘⌐ ℮↓≤╙≢⅝╢≤ ⅎ╠╣╢⁹ 
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1.1 ꜞ♅►ⱶ≤♫♩ꜞ►ⱶ─ ─ ⁸ ─1♩fi№√╡─◖☻♩⁸Shannon

─▬○fi ⁸ Standard Hydrogen Electrode SHE ⌐ ∆╢ [9, 

10] 

 ꜞ♅►ⱶ ♫♩ꜞ►ⱶ 

/ ppm 20 23600 

─◖☻♩ / $ tonĭ1 5000 150 

Shannon─▬○fi  / Å 0.76 1.02 

vs. SHE  / V ĭ3.04 ĭ2.71 

1.3  

 Palacín ─ LIB ─ [11]≤ ⁸NIB │ 1 Intercalation

⁸ 2 ╕√│ Alloying , Binary system ⁸ 3 ◖fi

Ᵽכ☺ꜛfi Conversion ─ 3 ⌐ ↕╣≡™╢[12] 1.3 ⁹╕√⁸

╩◄Ⱡꜟ◑כ ⌐ ⇔≡⁸ ╠⌐╟∫≡╕≤╘╠╣√ ╩ ∆ 1.4 [9]⁹  

⌐ ↕╣╢ │⁸♫♩ꜞ►ⱶ─ ⌐╟∫≡ ⅜ ∆╢↓≤⌂ↄ

Γ♩ⱳ♃◒♥▫♇◒Δ⌐ ⅜ ∆╢⁹↓─ ─ ≢│ ∆╢ ╕√│

⌐ ═≡ ─ ⅜╒≤╪≥⌂™√╘⁸ ⌂ ╡ ⇔

⅜ ≢⅝╢⁹Ɫכ◌♪כⱲfi Hard Carbon HC ╩│∂╘≤∆╢ │

⅛≈ ╣√ ╩ ∆√╘⁸↓─ ─ ≢ ⌐ ⌂ ≤⇔≡ ↕╣╢⁹ 

╕√│ │ 14⁸15 ⌐⅔™≡ ↓╢⁹ ⌐

═≡ ↄ─♫♩ꜞ►ⱶ╩ ≢⅝╢√╘⁸↓╣╠─ ╩ ⌐ ™╢↓≤≢ NIB ─

⅜ ≢⅝╢⁹√∞⇔⁸ ⌐ ℮ ⅜ ⅝™√╘ ~423 % [13]⁸

⌐ ℮ ─ ╩ ←↓≤⅜ ꜞⱪ⌐⅔™≡⁸כꜟ◓─↓⁹╢⌂≥ fi│ ╙ ⅝

⌂ ⅜ ╠╣╢ ≤⇔≡ ↕╣≡™╢⁹ 

╛ ◌ꜟ◖◕♫▬♪─ ↄ⅜◖fiⱣכ☺ꜛfi ⌐ ∆╢⁹↓─ ─

≢│⁸◌ꜟ◖◕fi ⅜♫♩ꜞ►ⱶ≤ ∆╢≤≤╙⌐ ≤♫♩ꜞ►ⱶ⅜ ╩

∆╢⁹♫♩ꜞ►ⱶ≤ ⇔⌂™ ─ │♫ⱡ ⅜ ∆╢⁹↓─ ─ │

≢№╢↓≤⅜ ™⅜⁸ ⌐⅔↑╢ⱥ☻♥ꜞ◦☻⅜№╢↓≤≤ ⅜

⅛⌂╡ ™ 1 V ↓≤⅛╠⁸ ─ ≈─ ⌐ ═≡ ≢ ≢№╢⁹ 

≢│◄Ⱡꜟ◑כ ─ ⅛╠ NIB ≤⇔≡ ⌂ 1 ╛ 2 ─ ⌐

≢ⱪכꜟ◓─╣∙╣⧵⁸⇔ ⌐ ↕╣╢ HC ⁸ ╛ꜞfi ╩ ╡ →√⁹ 
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1.3 ⌐ ≠ↄ ─ ≤∕╣∙╣─ ≤ ⁹ [11]─ ╩

⇔√⁹ ─ ⅛╠ ⌐ 1 ⁸ 2 ⁸ 3 ◖

fiⱣכ☺ꜛfi ⌐⅔↑╢ ≤ ⌐╟╢ ⌐≈™≡─  
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1.4 ─◄Ⱡꜟ◑כ ≤ ⁹ [9]─ ╩ ™√⁹ ─

│ ⌐⁸ ─ │ ⌐⁸

─ │◖fiⱣכ☺ꜛfi ⌐ ↕╣╢ 

1.4 ⌐⅔↑╢ ≤  

⅜ ⇔≡™╢   ≢│⁸

⌐ ╡ ╕╣√ ─ ╛ ─ ╩ ∆╢√╘⌐

Nuclear  Magnetic Resonance NMR ╩ ™√ ╩ ╘≡⅝√⁹NMR │

∆╢ ─ ⅜ ⅛ ⅛⁸ ⅛ ⅛⌐╟╠∏ ≤∆╢ ╩ ⌐

═╢↓≤⅜≢⅝╢⁹╕√⁸ ╠╣╢ │ ─ ─ ╩ ⌐ ∆╢√╘⁸

⌐ ═╢↓≤⅜ ⌂ ─ ╩ ╠⅛⌐∆╢↓≤⅜≢⅝╢⁹

─ ≢│ ≢№╢ HC ⌐ ↕╣√ꜞ♅►ⱶ╛♫♩ꜞ►ⱶ─

⅜ ╦╣≡⅝√⁹∕─ ⌐╟╣┌⁸HC ⌐ ↕╣√ꜞ♅►ⱶ⌐ ∆╢ ─Ⱨכ

◒ │ ⅜ ∆╢⌐≈╣≡ ┼◦ⱨ♩⇔√⁹│∂╘⌐ ─ ⌐ꜞ♅

►ⱶ⅜ ↕╣⁸ ⅜ ⅎ≡ ⌐ ⇔⅝╣⌂ↄ⌂∫√ꜞ♅►ⱶ⅜ ⌐

↕╣≡ ╩כ♃☻ꜝ◒ ∆╢↓≤≢ ─Ⱨכ◒◦ⱨ♩⅜ ↓∫√≤ ↕╣≡

™╢[13]⁹ ⁸♫♩ꜞ►ⱶ─ ⁸ ─ ╛ ⌐ ↕╣√♫♩ꜞ►ⱶ⌐ ≢⅝

╢ ⅜ ↕╣√╙──⁸ꜞ♅►ⱶ─ ≢ ╠╣√╟℮⌂ ─ ⌐ ℮Ⱨכ◒

(1) 

(3) 

(2) 

HC 

P 
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◦ⱨ♩│ ↕╣≡™⌂™[14]⁹╕√⁸ ⌐ ☻כ꜡◒☻⌂ HC─ Heat  

Treatment Temperature HTT ⅜ꜞ♅►ⱶ─ 1000 ~ 1300 ºC [15]⌐ ═≡♫♩ꜞ

►ⱶ≢ ™ 1400 ~ 1700 ºC ↓≤╙ ↕╣≡™╢[16]⁹↓℮⇔√ ⅛╠⁸ꜞ♅►ⱶ≤

♫♩ꜞ►ⱶ≢ HC ┼─ ⅜ ⌂╢↓≤⅜ ↕╣╢⁹ 

HC │ NIB ≤⇔≡ ⌂ ≤⇔≡ ↕╣╢╙──⁸∕─ │ ⌐≈™√≤

↓╤≢№╡ ╛ ≤─ ╩ ⇔≡™ↄ ⅜№╢⁹HC ╩│∂╘≤∆╢

─ ∆⌂╦∟♫♩ꜞ►ⱶ │ ─ ≤ ⌂ ⅜№╢√╘⁸

─ ⌐ ∆╢ ╩ ╘╢↓≤│ ─ ⌐ ─ ≢№╢⁹ 

≢│⁸HC ⌐⅔↑╢♫♩ꜞ►ⱶ ╛ ≤ HC ─ ─ ─ ╛⁸

ꜞ♅►ⱶ≤♫♩ꜞ►ⱶ≢ ⅜ ⌂╢ ╩ ∆╢√╘⁸NMR ╩ ⇔≡ HC ⌐

↕╣√♫♩ꜞ►ⱶ─ ╩ ═√⁹ 

 14⁸15 │♫♩ꜞ►ⱶ≤ ∆╢↓≤⌐╟╡ ≢ 1 ~ 3.75 ─♫♩ꜞ►ⱶ

╩ ≢⅝╢√╘⁸ ─ ⌐ ═≡ ╘≡ ⅝⌂ ╩ ╠╣╢↓≤⅜ ↕╣╢[9]⁹

≢╙ꜞfi│ ⅔╟┘ №√╡─ ⅜ ╙ ⅝™√╘⁸ NIB ╩ ∆╢⌐№

√∫≡ ⌂ ≤™ⅎ╢⁹ ╩ ⇔⌂⅜╠ ∆╢√╘⌐│⁸ ™╢ ─

╩ ∆╢↓≤⅜ ≢№╢⁹⇔⅛⇔⁸ꜞ fi │ ≢ ≤⌂╢√╘⁸

≢ ╠╣╢ │ ╠╣≡⅔╡⁸ ⌐⅔™≡≥─╟℮⌂

─ ⅜ ↓∫≡™╢⅛ ╠⅛⌐↕╣≡™⌂™⁹ ∫≡ ≢│⁸ꜞ fi ⌐⅔↑╢

╩ ∆╢√╘⁸NMR ⌐╟∫≡ NIB ꜞfi ⌐⅔↑╢ ╩ ═√⁹ 

↓╣╠─ ⌐⅔™≡⁸ ⱴ☺♇◒ Multiple Quantum Magig Angle 

Spinning MQMAS [17]⌂≥─ ╩ ╡ ╣╢≤≤╙⌐ ╩ ∆╢

↓≤≢⁸NMR ╩ ™√ ה ⌐ ∆╢ ─ ╩ ⇔√⁹ 
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─ ─ │ ⌐ ∆⁹ 

HC ─ ≤♫♩ꜞ►ⱶ ─ ╩ ∆╢⁹ ⌂╢ HTT ≢ ⇔√ HC

⌐ ⌐ ↕∑√♫♩ꜞ►ⱶ─ ╩ 23Na NMR ≢ ═√ ⌐≈™≡ ═╢⁹

⌐ ⌐╟∫≡◓ꜝⱨ▼fi ⌐⅔↑╢ꜞ♅►ⱶ╛♫♩ꜞ►ⱶ─ ╩

═⁸ ⌐ ≠™≡ ⇔√ ⸗♦ꜟ⌐╟╡ꜞ♅►ⱶ╛♫♩ꜞ►ⱶ─ HC

┼─ ╩ ∆╢⁹ 

HC ≢ ↕╣╢♫♩ꜞ►ⱶ◒ꜝ☻♃כ─ ≤ ◘▬☼─ ╩

∆╢⁹HTT ╛ HC ╩ ⅎ≡ ⇔√ HC ╩fiꜛ◦כ♀ꜞ♃◒ꜝꜗ◐─

⇔⁸∕╣╠─ HC ╩ NIB ⌐ ™≡ ╩ ∫√ ⌐≈™≡ ═╢⁹HC ≢

♫♩ꜞ►ⱶ◒ꜝ☻♃כ⅜ ↕╣╢ ╩ ⇔⁸NMR ⌐╟∫≡♫♩ꜞ►ⱶ◒ꜝ☻

─כ♃ ≤ HTT ⅔╟┘ HC ─ ⌐≈™≡ ═╢⁹ 

NIB ─ꜞfi ─ ⌐≈™≡ ∆╢⁹ ⌐ ⇔√♫♩ꜞ►

ⱶĭꜞ fi ≤ ⌐ ⇔√ ♫♩ꜞ►ⱶĭꜞ fi ─ 23Na ⅔╟┘ 31P 

NMR ╩ ⇔⁸ ─ꜞfi╛♫♩ꜞ►ⱶ─ ⌐≈™≡ ═╢⁹ 

─ ≤⇔≡ ⅛╠ ╩ ╡ ╡⁸ ─ ╩ ═╢⁹ 
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 23Na NMR≤ ⌐╟╢ 

Ɫכ◌♪כⱲfi⌐ ↕╣√♫♩ꜞ►ⱶ─  

2.1  

│ Ⱨ♇♅╛ ꜟכⱣ▬○ⱴ☻⁸ⱨ▼ⱡ─≤⌂☻כ꜡◒☻╛☻כ꜡ꜟ☿⁸

╛ⱳꜞ ⱦ♬ꜟ⌂≥─ ╩ ╕√│Ar⁸N2 ≢ ∆╢

↓≤⌐╟∫≡ ╠╣╢⁹ ⌐╟∫≡ ⅛╠ ╛ ⁸∕─ ─ N╛Cl⁸S

⌂≥ ⅜CO╛CO2⁸CH4⌂≥─ ≤⇔≡ ⌐ ↕╣╢⁹ ⌐

Polycyclic Aromatic Hydrocarbon PAH ⅜ ∆╢⁹HTT700  ºC⅛

╠1500 ºC⌐⅛↑≡PAH⅜ ∆╢≤≤╙⌐∕╣⅜ ⇔√ ⅜ ∆╢⁹↓─

⁸PAH⅜ ⌐ ⇔≡ ⅜3.4 ~ 3.6 Å ─ ⅜ ↕╣√⁸

⅜ ⌂™ ╩ Graphitizing Carbon  or Soft Carbon SC ⁸PAH─

⅜ ↄ⁸ ─ ⅜3.7 ~ 4.0 Å ≢ ⅜ ⇔≡™╢ ╩

Non-Graphitizing Carbon  or Hard Carbon HC ≤ ∆╢⁹SC⅔╟┘HC

╩3000 ºC ≢ ⇔√ ⁸SC│ ⌐ ⅜ ↕╣╢⅜HC≢│ ⅜ ⇔

ↄ⁸●ꜝ☻ ≤ ┌╣╢ ╛ ⅜ ≢⅝⌂™ ╩ ∆╢

⌐⌂╢⁹↓╣╠─ ⌐│ ⅜№╡ ╩ ═╢ ⅜ ╠╣≡™╢√

╘⁸ ─ ⌐⅔™≡∕─ ╩ ⌐ ∆╢ ₁⌂⸗♦ꜟ⅜ ↕╣≡™╢

[1]⁹1950 ⁸Franklin ⌐╟∫≡ ⌐ ∆╢ ⌂ ⅜ ╦╣[2]⁸SC≤HC─

⌐ ∆╢X X-Ray Diffraction XRD ╩ ™√ ⅛╠⁸HC≤

SC─ ⸗♦ꜟ⅜ ↕╣√ 2.1a ⁹HC│PAH⅜ꜝfi♄ⱶ⌐ ⇔≡∕╣╠⅜

⅛╠⌂╢ ≢ ┌╣╢⁹SC│PAH⅜ ╕∫√ ⌐∕╤∫≡⅔╡∕

╣╠⅜ ⌐╟╡ ↕╣╢⁹1970 ⅛╠1980 ⌐⅛↑≡╙ ≢ⱪכꜟ◓─

↕╣√⁹Ban╠[3]⌐╟∫≡ ⅜∫√ ♫ⱡꜞⱲfi⅛╠⌂╢HC─ ⸗♦ꜟ⅜ ↕

╣√⁹╕√⁸ [4]╛Jenkins╠[5]⌐╟∫≡╙HC─ ⸗♦ꜟ⅜ ↕╣√⁹

1990 ⌐│Harris ╠[6, 7]⌐╟∫≡ⱨꜝכ꜠fi─╟℮⌐ ⅜∫√ ╛ ╩ ╗

⅜ ≤⌂╢HC─ ⸗♦ꜟ⅜ ↕╣√ 2.1 ⁹╕√⁸Dahn╠⌐╟∫

≡HC─ ╩ ∆╢⸗♦ꜟ╙ ↕╣√[8]⁹∕─╒⅛⁸ ╠⌐╟∫≡SC╛HC

─ꜞ♅►ⱶ ╩ ∆╢ ⸗♦ꜟ╙ ↕╣√[9]⁹ 
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2.1 HC ─ Franklin ⸗♦ꜟ[2]⁸Ban ⸗♦ꜟ[3]⁸Harris ⸗♦ꜟ[6, 7]⁹ [1]⅛╠

⇔√ 

 HC ─ NIB ≤⇔≡─ ╛ ∆╢ ⌐ ∆╢ ⌂≥ ⌐ ∆╢

│ ↄ─ ≢ⱪכꜟ◓ ╦╣≡⅝√⅜⁸∕╣╠─ ⌐│⅛⌂╡┌╠≈⅝⅜№╢ [10]⁹

↓─╟℮⌂ ™⅜ ∂╢ ╩ ╠⅛⌐⇔⁸NIB HC ╩ ∆╢√╘⌐│⁸

♫♩ꜞ►ⱶ ◘▬♩≤⇔≡ ∆╢ ╛ ╛ ⌐≈™≡─ ╩

╘╢↓≤⅜ ≢№╢⁹ 

≢│⁸HC ─HTT─ ™⅜ ↕╣√♫♩ꜞ►ⱶ─ ⌐≥─╟℮⌂

╩ ╓∆⅛╩ ╠⅛⌐∆╢√╘⁸ Na MAS NMR╛MQMAS NMR ╩ ™≡⁸ ₁⌂

HTT 700 ~ 2000 ěC ≢ √HC⌐ ↕╣√♫♩ꜞ►ⱶ─ ╩ ∫√⁹╕√⁸

─ꜞ♅►ⱶ╛♫♩ꜞ►ⱶ─ ⌐ ∆╢ Density  Functional 

Theory DFT ≤NMR ╩╙≤⌐⁸HC כ♃☻ꜝ◒╢↑⅔⌐ ⌐≈

™≡─ √⌂ ⸗♦ꜟ╩ ⇔√⁹↓─⸗♦ꜟ⌐╟╡HC ┼─♫♩ꜞ►ⱶ≤ꜞ♅►

ⱶ─ ⌐≈™≡ ⇔√⁹HC⌐ ↕╣√♫♩ꜞ►ⱶ─ ╩ ∆╢ ≢ ╙
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⌂ │ ≢ ╘≡ ⇔≡ ⇔╛∆™↓≤≢№╢⁹ ꜞ♅►ⱶ╛ꜞ♅►ⱶ

HC⌐ ═≡ ♫♩ꜞ►ⱶ╛♫♩ꜞ►ⱶ HC│ ⌐ ⅜ ↄ⁸▪ꜟ◗fi●☻⅜

☻◒♇ⱩⱲכ꜡◓√╣↕ ╛NMR◘fiⱪꜟ꜡כ♃כ ⌐ ↕╣√ ⌐╙ ─

╛ ≤ ∆╢⁹↓℮⇔√ ⌐╟╡ ⇔√☻Ɑ◒♩ꜟ⅜ ⌐⌂╢≤≤╙⌐

⅜ ∆╢⁹ ∫≡⁸ ≢│23Na MAS NMR ☻Ɑ◒♩ꜟ─ ╩ ∆╢↓≤

≢◘fiⱪꜟ─ ⌐≈™≡╙ ═√⁹ 

2.2 ⅔╟┘  

2.2.1 Ɫכ◌♪כⱲfi─  

⌐ ╠⅛☻כ꜡◒☻≡∫ HC ╩ ╩☻כ꜡◒☻⁹[11]√⇔ 180 ºC≢ 48

⇔≡ ╠╣√ ╩ ⇔≡⁸ ●☻ 200 ml min ĭ1 ⁸ ⅛╠ 250 ºC 

╕≢ 5 ºC minĭ1≢⁸250 ºC ⅛╠ 450 ºC ╕≢ 1 ºC minĭ1≢ ⇔⁸450 ºC≢ 1 ⇔

√ ⁸5 ºC minĭ1 HTT ⅜ 2000 ºC ─ │ 10 ºC minĭ1 ≢ ⇔≡ HTT700 ~ 2000 ºC

─ ≢ 1 ∆╢↓≤⌐╟╡ HC ╩ √⁹⌂⅔⁸ ⇔√ HC ╩ HC-T

≤ ∆╢ T ⁹ 

2.2.2 Ɫכ◌♪כⱲfi─◐ꜗꜝ◒♃ꜞ♀כ◦ꜛfi 

2.2.2.1 Brynauer -Emmet -Teller BET  

Macrosorb HMmodel -1201 Mountech ╩ ™√BET ⌐╟╡ 77 

K ≢ ─ ╩ ∫√⁹⌂⅔⁸ ╩ ●☻ ─ ⁸ 150 

ºC⁸ ╩15 ≤⇔√⁹ ●☻╩ ⁸Ⱬꜞ►ⱶ≤ ─ ●☻ 3 : 7 ╩◐

ꜗꜞ▪●☻≤⇔≡ ™√⁹ 

2.2.2.2 X PXRD  

MiniFlex Rigaku ⌐⅔™≡X ⌐CuKa l = 0.15418 nm ╩ ™≡

Powder P XRD ╩ ∫√⁹0.02 secĭ1≢ ⇔≡4 º Ò 2q Ò 60 Ü─ ≢ ╩

√⁹ ⌐│◦ꜞ◖fi Rigaku ╩ ™√⁹(002) Ⱨכ◒⌐ ∆

╢22 ~ 25 º ─Ⱨ⁸≡™⅔⌐◒כBragg─  

ςὨίὭὲ—ὲʇ  Ȣ       

╩ ™≡ ╩ ⇔√⁹↓↓≢d │ ⁸q │ ╩ ∆⁹ 
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2.2.3 ≤  

HC ╩ⱳꜞⱨ♇ ⱦ♬ꜞ♦fiⱣ▬fi♄כ KFⱳꜞⱴכL#9130⁸◒꜠Ɫ ≤9 : 1 ─

≢ ⇔⁸N-ⱷ♅ꜟ-2-Ⱨ꜡ꜞ♪fi N-Methyl -2-Pyrrolidone NMP⁸◐◦♄

⌐ ♪כ꜠Ⱪכ♃◒♪╩כꜞꜝ☻√∑↕ ⌐╟∫≡ ⌐ ↕100 um≢

⌐ ⇔≡140 ºC≢15 ⇔√⁹↓╣╩16 mmf⌐ ╡ ∫≡ ≤⇔

≡ ™√⁹ 

▪ꜟ◗fi ☻◒♇ⱩⱲכ꜡◓─ ≢2023 ◖▬fi☿ꜟ ─ ╩ ∫√⁹

≤⇔≡16 mmf⌐ ⇔√ ♫♩ꜞ►ⱶ╩ ™√⁹1 M NaPF 6 / ⱪ꜡Ⱨ꜠fi

Propylene Carbonate PC⁸Ᵽ♇♥ꜞ⁸♪כ꜠◓כ◐◦♄ ⌐ ⱨꜟ○꜡◄♅꜠

fi Fluoroethylene Carbonate FEC⁸Ᵽ♇♥ꜞ⁸♪כ꜠◓כ◐◦♄ ╩2 % ⇔

≡ ⌐ ™√[12]⁹●ꜝ☻ⱨ□▬Ᵽכⱨ▫ꜟ♃כ 20 mmf⁸▪♪Ᵽfi♥♇◒ ╩☿Ɽ

≡⇔≥כ♃כ꜠ ™√⁹ 

HJ1001 -SD8◦☻♥ⱶ ╩ ™≡0.00 ~ 2.00 V─ ≢ 25 mA 

gĭ1 ╩ √⁹ ≢│ ⁸ ☿ꜟ╙⇔ↄ│Ɫכⱨ☿ꜟ─ ™⌐ ╦╠

∏⁸ ⌐ ╠⌂™ ╡♫♩ꜞ►ⱶ ╩Γ Δ⁸

╩Γ Δ≤ ∆╢⁹ 

Ɫכⱨ☿ꜟ ≢♫♩ꜞ►ⱶ Ɫכ◌♪כⱲfi Na-HC ⅜ ↕╣∏ ⌐ ∆

╢⅛≥℮⅛╩ ═╢√╘⁸ ─╟℮⌂ ╩ ∫√⁹╕∏⁸HC-1300╩ ⌐ ™≡

⇔√Ɫכⱨ☿ꜟ╩ ≤ ─ ≢5◘▬◒ꜟ ⁸0.00 V╕≢ ⇔≡

☻◒♇ⱩⱲכ꜡◓╩ꜟ☿─↓⁹√⇔⌐ ≢ ⇔≡ ╡ ⇔√HC ╩PC≢ ⇔

√⁹↓─ ╩ ™≡ √⌂☿ꜟ╩ ⇔2.00 V╕≢ 25 mA gĭ1 ≢ ∆╢↓

≤≢⁸ ↕╣∏HC ≢ ↕╣√ ≢ ∫≡™╢♫♩ꜞ►ⱶ─ ╩ ═√⁹ 

2.2.4 ♫♩ꜞ►ⱶ Ɫכ◌♪כⱲfi─ ≤NMR  

№╠⅛∂╘5◘▬◒ꜟ ╩ ∫√◖▬fi☿ꜟ⌐ ⇔≡⁸ ─ ╕≢ ∆

╢↓≤≢Na-HC╩ ⇔√⁹ 

⁸ ☻◒♇ⱩⱲכ꜡◓⌐⅛╛ ≢◖▬fi☿ꜟ╩ ⇔≡ ╩ ╡ ⇔⁸PC

≢ ⁸Na-HC╩ ⅛╠ ⅜⇔≡ NMR 3.2 mmf◘fiⱪꜟ꜡כ♃כ⌐ ⇔

√⁹ 

DD2NMR ◦☻♥ⱶ 11.7 Tⱴ◓Ⱡ♇♩⁸Agilent Technology ╩ ™≡23Na MAS 

NMR ╩ ∫√⁹◦fi◓ꜟⱤꜟ☻ ⁸MAS 10 kHz⁸☻Ɑ◒♩ꜟ 0.1 

⁸ 5000 ─ ≢☻Ɑ◒♩ꜟ╩ ⇔√⁹1 M NaCl ╩ ≤⇔≡
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™√⁹ 

Na-HC─ ╩ ═╢√╘⁸♫♩ꜞ►ⱶ╩ ↕∑√HC-1600≤HC-2000─NMR

☻Ɑ◒♩ꜟ╩ ⁸1 ⅔╟┘2 ┘ ─ ≢NMR ╩ ∫≡☻Ɑ◒♩

ꜟ─ ╩ ⇔√⁹Na-HC─ ⌐╟∫≡ ∆╢≤ ⅎ╠╣╢ ♫♩ꜞ►ⱶ

NaF⁸Na2CO3⁸ NaOH⁸NaHCO 3 ╛ NaPF 6─23Na MAS NM R

MAS 10 kHz ╛0.1⁸1⁸2 M NaPF 6 / PC ─23Na Static NMR ╙ ∫

√⁹◦fi◓ꜟⱤꜟ☻ ≢☻Ɑ◒♩ꜟ 5 ─ ≢☻Ɑ◒♩ꜟ╩ ⇔√⁹ 

☻Ⱨfi Ὅ ρςϳ─ ≢ ⌐ ─ ⁸ ─2 ─ ⌐

╟∫≡ ─ ⅜ ╛ ─ ⅜╢↓≤≢ ─ ╩ ↄ ⅜№╢⁹↓─╟℮

⌂ ⌐ ⇔≡⁸ ☻Ɑ◒♩ꜟ╩ ╢ ≤⇔≡ ◖ⱥכ꜠fi☻╩ ™√

Multiple Quantum MQ MAS NMR ⅜ ╠╣≡™╢[13]⁹ ⌂MQMASⱤꜟ

≈fi☻≢│1◄◒כ◦☻ ─Ɽꜟ☻≢ὲ ὲςϳ  P  ὲςϳ ╩ ↓⇔⁸◖ⱥכ꜠

fi☻ ὲ─ ὸ─ ⁸2≈ ─Ɽꜟ☻≢ ⌂1 ─ ╩ ↓∆⁹∕─

⁸ ὸ╩ ≡◖ⱥכ꜠fi☻─ ⌐╟╢ ⅜כ◖◄ ↕╣╢⁹ ≢│Zⱨ▫ꜟ

כ♃ ⅝3QMASⱤꜟ☻◦כ◒◄fi☻⌐╟∫≡MAS 20 kHz⌐⅔↑╢MQMAS☻Ɑ◒

♩ꜟ╩ √⁹ ⌐│ ECA-500 JEOL ≤11.7 T─ ⅛╠⌂╢NMR◦☻

♥ⱶ╩ ⇔√⁹ 

2.2.5 DFT  

HC ⌐♫♩ꜞ►ⱶהꜞ♅►ⱶ⅜≥─╟℮⌂ ≢ ↕╣╢⅛╩ ∆╢√

╘⁸♫ⱡ◘▬☼ ⌐ ↕╣√♫♩ꜞ►ⱶהꜞ♅►ⱶ ⌐≈™≡

╩ ∫√⁹ ⱪ꜡◓ꜝⱶ≤⇔≡Gaussian09╩ ⇔√[14]⁹ ⌐

B3LYP ╩ ™√[15]⁹ ⌐H ⅜ ⇔√D6h ─sp2 ⅛╠⌂╢

─ C6H6⁸C24H12⁸C54H18⁸C96H24⁸C150H30 ⌐≈™≡HOMO -LUMO ◑ꜗ♇ⱪ

╩ ═√⁹⌂⅔⁸↓─ ≢│ ⅔╟┘ ⌐6-31G** ╩ ™√⁹

∕╣∙╣C6H6≢│6.8 eV⁸C24H12≢│4.0 eV⁸C54H18≢│2.83 eV⁸C96H 24≢│2.12 eV⁸

C150H30≢│1.63 eV≤⌂∫√⁹HOMO -LUMO◑ꜗ♇ⱪ⅜ ⌐ ↕™ ≤⌂∫√C150H30

╩DFT ⌐ ™√⁹C150H30 ─♫♩ꜞ►ⱶ 1⁸7⁸13⁸19 ─ ⅔╟

┘∕─ ╩DFT ⇔√⁹⌂⅔⁸♫♩ꜞ►ⱶהꜞ♅►ⱶ ⌐ ⇔≡6-31G*

╩ ™√⁹ 
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2.3  

2.3.1 Ɫכ◌♪כⱲfi  fiꜛ◦כ♀ꜞ♃◒ꜝꜗ◐─

™∏╣─ HC-700⁸HC-900⁸HC-1300⁸HC-1600⁸HC2000 ⌐⅔™≡╙⁸ ⇔

√ ⌐ ∆╢ ™ Ⱨכ◒│ ╠╣∏⁸ ≢ ╠╣╢⌂∞╠⅛⌂

PXRD Ɽ♃כfi⅜ ╠╣√ 2.2 ⁹╕√⁸22 ~ 25 º ─ PAH ─ ⌐ ∆╢

(002) Ⱨכ◒╛ 43 ~ 44 º ─ PAH ⌐⅔↑╢(10) Ⱨכ◒⅜ ╠╣√⁹ HC

─ BET │ 237⁸172⁸45⁸<1⁸<1 m2 gĭ1≤ HTT ─ ⌐≈╣≡ ⇔√⁹ 

 

2.2 HC-700⁸HC-900⁸HC-1300⁸HC-1600⁸HC-2000─ PXRD Ɽ♃כfi 

HC ≤ ♫♩ꜞ►ⱶ╩ ™√ NIB Ɫכⱨ☿ꜟ─ ╩ 2.3 ⌐ ∆⁹HC-

700⌐⅔™≡ 193 mAh gĭ1╩ ⇔⁸HTT ─ ⌐≈╣≡ ⅜ ⇔√ 2.1 ⁹

HC-1600≢ ╙ ⅝⌂ 302 mAh gĭ1 ╩ ⇔√⅜⁸HC-2000≢│╛╛ ⇔≡ 139 

mAh gĭ1≢№∫√⁹ HC ⌐⅔↑╢ │ 98⁸77⁸66⁸64⁸45 mAh gĭ1≢№∫

√⁹↓─ ─ │ 1.0 ~ 0.6 V⌐⅔™≡ ≢ ↓╢ ≤

Solid Elect rolyte Interphases SEI ─ [12, 16, 17]⌐ ∆╢≤ ⅎ╠╣╢⁹

╠╣√ ⱪכ꜡☻│ 0.1 V ≤ⱪꜝ♩כ 0.1 V ─ ≈─

⌐ ⱪכ꜡☻⁹╢⅝≢⅜≥↓╢∆ ─ │ HC ─ ┼─ Na ─ ⁸ⱪ

כ♩ꜝ ─ │ HC ─Ⱶ◒꜡ ⌐⅔↑╢ Na ─ ⌐ ∆╢≤ ⅎ

ⱪכ꜡☻⁹[18 ,17]╢™≡╣╠ ─ │ HTT ─ ⌐ ∫≡ ⇔√⅜ 2.3⁸

2.1 ⁸↓╣⌐ ⇔≡ⱪꜝ♩כ ─ │ HTT1600 ěC⌐ ╢╕≢ ⇔⁸1600 ~ 2000 
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ěC─ ≢ ⌐ ⱪכ꜡☻⁹√∂ ─ ─ ≤⇔≡ ─ ⅜ ⅎ╠╣╢⁹ 

╠│꜠♂ꜟ◦ⱡכꜟ-ⱱꜟⱶ▪ꜟ♦ⱥ♪◕ꜟ HC ─ ⌐≈™

≡ ⇔≡™╢[19]⁹ ╠│ ⌐⅔™≡ ╩ ™╢↓≤⌂ↄ ⸗ⱡꜞ☻╩ ╡

∫≡ ⇔≡ ≤⇔≡ ™√⁹ ⸗ⱡꜞ☻│ ─◕ꜟ─ ⅜∕─╕╕ √╣

√ ≢№╢√╘⁸ ⌂ ─╟℮⌐ ╩ ≢ ∆╢ ⅜⌂™⁹↓─

HC ⌐⅔™≡│ HTT2000  ěC ≢╙ 300 mAh gĭ1╩ ⅎ╢ ™ ╩ ⇔√[19]⁹ ⁸

≢ ™√ HC ─ │ HTT2000  ěC ─ ⌐⅔™≡ ∆╢⁹↓℮⇔√ │

─ ⁸ ⌐♫♩ꜞ►ⱶ⅜ ↕╣╢Ⱶ◒꜡ ─ ╛ ⅝↕⅜ ⌂╢↓≤╩

⇔≡™╢⁹HC ⌐ ™╢ ─ ™⅜ ↕╣√ HC ─ ⌐ ⅝ↄ ∆╢≤ ⅎ

╠╣╢⁹ 
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2.3 ⅔╟┘ 2 ─ ⁹a) HC-700⁸b) 

HC-900⁸c) HC-1300⁸d) HC-1600⁸e) HC-2000 
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2.1 HC ─ ◘▬◒ꜟ⌐⅔↑╢ ≤ ⱪ⅔╟┘ⱪכ꜡☻⁹

╣∙╣⧵│כ♩ꜝ 0.1 V ⁸0.1 V ─ ╩ ∆ 

 
 / mAh g 1  / 

mAh g 1 

 / 

mAh g  כ♩ꜝⱪ ⱪכ꜡☻ 1

HC-700 200 91 193 98 

HC-900 171 125 221 77 

HC-1300 113 156 203 66 

HC-1600 129 237 302 64 

HC-2000 62.5 121.5 139 45 

 

2.3.2 ♫♩ꜞ►ⱶ Ɫכ◌♪כⱲfi ─ 23Na NMR  

2.4⌐ ─ HC-700⁸HC-900⁸HC-1300⁸HC-1600⁸HC-2000⌐⅔↑╢ 23Na 

MAS NMR ☻Ɑ◒♩ꜟ╩ ∆⁹™∏╣─☻Ɑ◒♩ꜟ≢╙ 30 ~ ĭ60 ppm ─ ≢ ⅜

↕╣√⁹ꜞ♅►ⱶ HC ─ 7Li NMR ≢ ╠╣╢╟℮⌂ ─ ⌐ ℮ ─◦ⱨ

♩[20]│ ⌐│ ↕╣∏⁸ ─ │♫♩ꜞ►ⱶ ⌐╟╠∏╒╓ ≢№∫√⁹

™∏╣─ ≢╙ 1800 ~ 30 ppm ≢ ♫♩ꜞ►ⱶ◒ꜝ☻♃כ⌐ ↕╣╢ │

↕╣⌂⅛∫√⁹↓─ │Ⱨ♇♅ HC ─ [21]╛ Zhou╠⌐╟╢ 2016 ─ [22]

≤╙ ⇔√⁹ ♫♩ꜞ►ⱶ◒ꜝ☻♃כ─ ⅜ ↕╣⌂⅛∫√ ⌐ ⇔≡│

≢ ═╢⁹ 

 

2.4 ─ Na-HC ─ 23Na MAS NMR ☻Ɑ◒♩ꜟ 1800 ~ ĭ300 ppm  
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2.5⁸2.6⁸2.7⁸2.8⁸2.9⌐∕╣∙╣♫♩ꜞ►ⱶ ─ ⌂╢ HC-700⁸HC-900⁸HC-

1300⁸HC-1600⁸HC2000 ─ NMR ☻Ɑ◒♩ꜟ╩ ∆⁹ ☻Ɑ◒♩ꜟ│∕╣∙╣ 2 ~ 4≈

♠fi꜠כ꜡─ ─ ⌡ ╦∑≢ ≢⅝√⁹ │ i ⌐ ⇔√ ─♫

♩ꜞ►ⱶ ⌐ ↕╣╢ĭ9 ~ ĭ10 ppm ─ ™ ⁸ii ⅜ 20 ppm ≢№╢ 5 ~ 

ĭ12 ppm ─ ™ ⁸iii 5 ppm ─ ⁸iv HC-700⌐─╖ ╠╣√ĭ15 ~ ĭ25 ppm

─ ⌐ ─ ™ ─ 4 ⌐ ↕╣╢⁹ 

HC-700≢ ↕╣√ iv │ HTT ⅜ ™ ─ HC ≢│ ⇔√↓≤⅛╠⁸ ╛

⌂≥─ ⅜ ∆╢≤ ⅎ╠╣╢√╘⁸HC ⌐⅔™≡ PAH ╩≈⌂←

⌐ ∂╢ ⌐ ↕╣√ Na ⌐ ↕╣╢ 2.5 ⁹↓─ ⌐ ∆╢ iv │ HC-

700≤ HC-900≢│⁸ĭ5 ~ ĭ10 ppm ─ ii ≤ 7 ppm ─ ⅜ ↕™ iii ⅜

↕╣√ 2.5 ⁹↓╣╠─ │♫♩ꜞ►ⱶ⅜ ⌐ ⇔√ ─ HC-700 ≤ HC-

900 ─☻Ɑ◒♩ꜟ 2.5(c)≤ 2.6(c) ≢╒≤╪≥ ⇔√↓≤⅛╠⁸HC ⌐ ⌐

/ ↕╣╢ Na ⌐ ↕╣╢⁹♫♩ꜞ►ⱶ⅜ ⇔√ ─ HC-700≤ HC-900─☻Ɑ

◒♩ꜟ≢│⁸ ⌐ ↕╣╢ ™ ≤ĭ9 ppm ─ ™ ─╖ ↕╣√⁹↓

─ ™ │SEI ─Na╛HC ≢ ⌐ ╡ ╕╣√Na≤ ⅎ╠╣╢⁹Alcántara

╠─ [23]╛ ⌐⅔↑╢ [21]≢│⁸ ii ⁸iii ⅜∕╣∙╣ ⌐ ↕

╣√ Na ≤ ⌐⅔↑╢ ─ ⌐ ↕╣√ Na ⌐ ↕╣≡™╢⁹ 
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HC-1300⁸HC-1600─☻Ɑ◒♩ꜟ─ │ 3≈─ ⌐ ↑╠╣√ 2.7⁸2.8 ⁹

i ≤ ii │ HC-700⁸HC-900─ ≤ ╩ ╘≡ ≢№╢⁹5 ~ 7 ppm ⌐ ↕╣

√ ─ ™ iii │⁸HC-700⁸HC-900─ ⌐ ═≡ ⅜ ⅛∫√⁹ ⌐♫♩

ꜞ►ⱶ╩ ⇔√ ≢╙ ╣√↓─ │ HC ⌐⅔™≡ ⌐ ⇔√♫♩ꜞ►

ⱶ ⌐ ∆╢ ≤ ⌐ HC ⌐ ╡∆╢ Na ⅜ ⌂∫√╙─≤ ⅎ╠╣

╢⁹HC-1300⁸HC-1600─ ⅜ ↕™↓≤⅛╠ SEI ⌐ ℮ │

↕™≤ ⅎ╠╣⁸↓─ │ SEI ╟╡╙ Na-HC ─ ≢ ∂√

♫♩ꜞ►ⱶ ≤ ⅎ╢╒℮⅜ ≢№╢⁹ ⌐╟∫≡ ∂╢≤ ⅎ╠╣╢ ─♫

2.5 ─ HC-700 ⌐⅔↑

╢ 23Na MAS NMR ☻Ɑ◒♩ꜟ≤

↕╣√  i ~ iv ⁹ ╩

× ≢⁸ⱨ▫♇♥▫fi◓☻Ɑ◒♩ꜟ

≤ Ⱨכ◒ ╩∕╣∙╣ ≤

≢ ∆ 

2.6 ─ HC-900 ⌐⅔↑

╢ 23Na MAS NMR ☻Ɑ◒♩ꜟ 
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♩ꜞ►ⱶ ─ 23Na MAS NMR ☻Ɑ◒♩ꜟ 2.10 ≤ ∆╢≤⁸↓─ ≤

♫♩ꜞ►ⱶ╛ ♫♩ꜞ►ⱶ ─ [39]⅜ ∆╢⁹ ≢№╢─≢♫

♩ꜞ►ⱶ─ ⅜ ↓╢≤│ ⅎ⌐ↄ™⁹ ∫≡⁸ ─♫♩ꜞ►ⱶ │ HC ─

╛◌ꜟⱲ♬ꜟ ⌂≥⅜ ⇔√ ◘▬♩≤─ Na ⅜ ⇔≡ ∂√ ♫♩

ꜞ►ⱶ⌐ ↕╣╢⁹ 

 

⅜ ╙ ↕⅛∫√ 138 mAh gĭ1 HC-2000⌐⅔™≡╙ i ⁸ii ⁸iii ⅜

↕╣√⅜⁸ iii ─ │ ↕ↄ⁸81 mAh gĭ1≢ ⇔√⁹0 mAh gĭ1≢│

≤ SEI ─ ─╖ ↕╣√ 2.9(c) ⁹HC-1600≤ HC-2000─ NMR ☻Ɑ◒♩ꜟ⌐≈

™≡│⁸MQMAS ☻Ɑ◒♩ꜟ─ ╙ ╘≡ ∆╢⁹ 

─ 23Na NMR ☻Ɑ◒♩ꜟ 2.4 ~ 2.9 │⁸♫♩ꜞ►ⱶ╩ ⇔√Ⱨ♇♅ HC

─☻Ɑ◒♩ꜟ[21]≤ ⅜ ⌂∫≡™╢⁹Ⱨ♇♅ HC ─ ⌐ ╠╣√ 9 ppm ─ⱷ▬

2.7 ─HC-1300⌐⅔↑

╢ 23Na MAS NMR ☻Ɑ◒♩ꜟ 

2.8 ─HC-1600⌐⅔↑

╢ 23Na MAS NMR ☻Ɑ◒♩ꜟ 

 


