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1.1.  

⌐ ∆╢ ≤⇔≡ ∆╢↓≤⌐╟╡ ┼─

╩ ↕∑╢↓≤⅜ ⌐ ╘╠╣≡™╢[1]∕─ ⌐ᵑ ⌂◄Ⱡꜟ◑כ╩

⌐ ℮↓≤ ᵒ ◄Ⱡꜟ◑כ╩™⅛⌐ ⌐ √∟─ ╠⇔⌐ ╡ ╣╢↓≤│

⌂ ≢№╢[2]↓╣╠─ ─ ≈≤⇔≡ ◄Ⱡꜟ◑כ╩ ◄Ⱡꜟ◑כ≤⇔

≡ ⇔ ◄Ⱡꜟ◑כ╩ ◄Ⱡꜟ◑כ≤⇔≡ ≢⅝╢ ⌐ ⅜ ╕∫≡

™╢[3]∆≢⌐ ↕╣ ⌐ ™╠╣≡™╢ ≤⇔≡│ ╛♬♇◔

ꜟ◌♪Ⱶ►ⱶ ∕⇔≡♬♇◔ꜟ ꜞ♅►ⱶ▬○fi (Lithium Ion Battery, LIB)

⅜№╢[3-5] ⌐ LIB│ ─ ≢╙♩♇ⱪ꜠ⱬꜟ─ ◄Ⱡꜟ◑כ ╩ ╢↓≤⅛

╠ ─ ─ ◄Ⱡꜟ◑כ╩ ≤∆╢☻ⱴכ♩ⱨ◊fi ♃Ⱪ꜠♇♩ ⱡכ

♩PC ─ ⌐⅔↑╢ ≤⇔≡ ⇔≡™╢ ╕√LIB│ ─◄Ⱡ

כ◑ꜟ ╙ ↄ ◄Ⱡꜟ◑כ╩ ⅎ╢ ≢╙ ╣√ ╩ ∆╢ ∕─√╘ ≢│

─╖⌂╠∏Ɫ▬Ⱪꜞ♇♩ (HEV)ה (EV)─ Ᵽ♇♥ꜞכ≤⇔≡

↕╣≡™╢ HEV/EV│ ─●♁ꜞfi ─ ≢№∫√ ●☻⌐╟╢ ╛

╠╣√ ≢№╢ ─ ╩ ∆╢⌂≥─ ┼─ ⅜ ↕╣

≡™╢ ⇔⅛⇔ ─ HEV/EV ≢│●♁ꜞfi ≤ ⇔≡ ⅜

ↄ ─ ╙●♁ꜞfi ≤ ═≡ ™ ⌂≥⌐╟╡ │ ≈≢№╢

HEV/EV⌐⅔↑╢ ╛ │ ─ ⌐ ↕╣╢

↕╣≡™╢ ⅔╟┘◐ꜗⱤ◦♃│ ◄Ⱡꜟ◑כ ≤

─ⱨ○♪כ꜠♩│ ⌐№╢ ≈╕╡ ╩ ⇔√≤⅝│ ⅜

∆╢╙── ⌐ ╩ ⇔√ ⌐│ ─ ⌐╟╡ │

⇔≡⇔╕℮ ↓─ ╩ ∆╢⌐│ ◄Ⱡꜟ◑כ ≤ ╩ ⌡ ⅎ√

⌂ ─ ⅜ ╘╠╣≡™╢[3-5] ⌐  

◄Ⱡꜟ◑הכ (NEDO)⅛╠ 2013⌐ ⅔⌐ⱴ♇ⱪ♪כ꜡√╣↕

™≡₈2020╕≢⌐◄Ⱡꜟ◑כ 200Wh/kg 2500W/kg≤™℮ ◄Ⱡꜟ◑כ

≤ ╩ ⌡ ⅎ√ ₉⅜ ≤⇔≡ →╠╣≡™╢╒≥∞

╟╡ ┼─ ┘ ─ ─ ⌐│ ◄Ⱡꜟ◑כ ≤

╩ ⌡ ⅎ√ ─ ⅜ ≢№╢ ∕↓≢ ≢│EV Ᵽ♇♥ꜞ

⌐≢∆≡⇔≥כ ↕╣≡™╢ LIB⌐ ⇔√ LIB─ ≢№╢ ◄Ⱡꜟ◑כ ╩

⌂℮↓≤⌂ↄ ╩ ⇔ ∕─ ⱷ◌♬☼ⱶ╩ ∆╢↓≤≤⇔√  
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1.1.1.  

⌐│ Ɫ▬Ⱪꜞ♇♪ (HEV)≤Ⱨꜙ▪כ (EV)∕⇔≡∕─

⌐ √╢ⱪꜝ◓▬fiⱢ▬Ⱪꜞ♇♪ (PHEV)⅜ ∆╢ ↓╣╠│◄Ⱡꜟ◑כ

╛ ⌂≥─ ┼─ ≤⇔≡ ↕╣≡™╢ ≢ ∆╢●♁

ꜞfi │ ⅜ ╩ ⇔ ◄Ⱡꜟ◑כ≤⇔≡ ╦╣╢─│ ─ 6 ≤™℮

≢№╢ ↕╠⌐ ⅜ ┘ ⇔√≤⅝⌐ ◄Ⱡꜟ◑כ│Ⱪ꜠כ◐Ɽ♇♪≤

♃▬ꜘ─ ⌐╟╡ 0⌐⌂╢ ≈╕╡ ⌐ ≡ ◄Ⱡꜟ◑כ≤⇔≡ ⌐ ⇔

≡™╢↓≤⌐⌂╢ ≢│ ◄Ⱡꜟ◑כ♃כ⸗╩כ⌐╟╡ ◄Ⱡꜟ◑כ

⌐ ∆╢ ⌐ ⅜ ◄Ⱡꜟ◑כ≤⇔≡ ⌐ ↕╣╢╙── ─

╟╡╙ ≢№╢√╘№╕╡ ⌐│⌂╠⌂™ ⇔⅛⇔●♁ꜞfi ≤ ⅝ↄ ⌂╢

≤⇔≡ ╩ ┘ ∆╢ ⌐ ─ ≢ ─ ╩ ↕∑╢↓≤⌐╟╡

─ ≢ ⅜ ≢№╢≤™℮↓≤∞ ↓─ ╩ ⌐ ⇔ ─ ≢

∆╢↓≤≢ ●♁ꜞfi ≢Ⱪ꜠כ◐⌐╟∫≡ ◄Ⱡꜟ◑כ≤⇔≡ ≡╠╣≡™√◄Ⱡꜟ

╩כ◑ ∆╢↓≤⅜≢⅝╢ ╕√ ⌐≈™≡│●♁ꜞfi ≢│ ●☻≤⇔≡

│╙≤╟╡ SOx, NOx●☻─ ⅜ ⌐⌂∫≡™╢ ≢ ≢№

╣┌ ●☻│ ↄ⌂™ ↕╠⌐│ ╩ ∆╢ ≤⇔≡ ◄Ⱡꜟ◑כ╛ ◄

Ⱡꜟ◑כ Ᵽ▬○ⱴ☻◄Ⱡꜟ◑כ╩ ≢⅝╣┌ CO2ⱨꜞכ─ ◦☻♥ⱶ╩ ╖

∑╢ ─ ⅛╠ ─●♁ꜞfi ⅜ ⅎ╢ ╩ ⌐╟∫≡ ∆╢↓≤⅜

≢№╢ ╛ ⌂ ─ ╩ ℮ ╡ ≤⇔≡ ↕╣≡™╢[6] 

 

1.1.2.  

1.1⌐ ™╠╣≡™╢ ╩ ∆ ⌐ ╘╠╣╢ ≤

⇔≡ᵑ◄Ⱡꜟ◑כ ⅜ ™ ᵒ ⅜ ⅝™ ⅜№╡∕╣∙╣ ⌐ ™

ⅎ╢≤ᵑ│ ≢─ ᵒ│ ( )╩ ⇔≡™╢ 1.1

╟╡ ⌐│◄Ⱡꜟ◑כ ≢─ ≤ ה

≈╕╡ ─ ─ⱨ○♪כ꜠♩⌐ ⅜№╢ ∕─√╘◄Ⱡꜟ◑כ ⅜

™╙─╩ ⅜ ™╙─╩Ᵽ♇◒▪♇ⱪ ▪◦☻♩≤⇔≡ ╖ ╦∑≡ ∆

╢ ╙⇔ↄ│ ⅜ ™ ╩ ⌐ ╗↓≤≢≥℮⌐⅛ ≤⇔≡ ⅎ╢◄

Ⱡꜟ◑כ ╩ √∆╟℮⌐⇔≡ ⇔≡™╢  

 ≢│ ─ ≢╙ ╕≢ ╪≢™╢ꜞ♅►ⱶ▬○fi

LIB⌐ ⇔√ LIB│ ─ ≢╙◄Ⱡꜟ◑כ ≤ ─Ᵽꜝfi☻

⅜ ™↓≤⅜ ≢№╢ ⇔⅛⇔ LIB╩ ≤⇔≡ ™╢⌐│

⅜ ↄ ≢ ™╢⌐│╕∞╕∞ ⅜ ™ ∕─√╘ ≢│ ⌐LIBⱣ♇

◒▪♇ⱪ⌐ ◖fi♦fi◘╛ ◐ꜗⱤ◦♃(EDLC)╩ ™╢↓≤⅜ ™ ⇔⅛⇔

⌐ ╩ ╗≤ ⅜ ↄ⌂╡ ⅜ ↄ⌂∫≡⇔╕℮ ╕√◐ꜗⱤ◦♃≢

│∕─ ⅛╠ ⅜ ™╙──◄Ⱡꜟ◑כ ╩ ↕∑╢─│ ⌐ ⇔
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™ LIB─ │ ⌐ ╪⌐ ╦╣≡⅔╡ ╙ ≡™╢↓≤⅛╠

≢⅝╢≤ ⅎ≡™╢ ∕─√╘ LIB ≢ ≤⇔≡ ™╢√╘⌐LIB

─ ╩ ↕∑╢↓≤⅜ ╘╠╣≡™╢  

 

1.1.3. ꜞ♅►ⱶ▬○fi  

ꜞ♅►ⱶ▬○fi (Lithium-ion rechargeable battery, LIB)─ ⌂ ≢№╢

LiCoO2 (LC)│ 1979 Goodenough╠⌐╟∫≡ɖ-NaFeO2 ╩ ≈

≤⇔≡ ↕╣√[7]LC─ │ ⅜ ⇔√ ⌐Co≤Li⅜ ↕

╣√ ≢№╢ ↕╠⌐ Co⅜ ∆╢ ≤ Li⅜ ∆╢ ⅜ ⇔≡⅔╡ ∕╣╠⅜

⌐ ↕╣√ ≢№╢[8]( 1.2)↓─ │ ↕∑╢≤Co3+⅜Co4+⌐⌂╡

─√╘Li▬○fi⅜ ∆╢≤™℮ ╩ ≈ ↕╠⌐↓─ │ ≢№╢ LIB

│↓─ LC ─ ─ ≤⇔≡ ↕╣√↓≤⅛╠ ╕╢ ∆≢⌐ 1974⅛╠

1976⌐⅛↑≡ⱬכ♀fiⱢꜟ♩╠⌐╟╡ ─ Li▬○fi─ ⌂ / ⅜

↕╣≡⅔╡ LIB─ ≤⇔≡ ⅜ ⅎ╢↓≤⅜ ⇔≡™√ [9-14]∕↓≢

─LIB≤⇔≡ ⌐ ≢№╢LC ⌐│ ⌐│

⅜ ∆╢↓≤≢ LIB─ ⌐ ⇔√ [15-18] 1.3⌐ LIB─

╩ ∆ ↓─ │ LIB⅜ ◄Ⱡꜟ◑כ ≈╕╡ ─ √╡─

⅜ ™ ≤⌂∫≡™╢ ⌂−⌂╠ LIB⌐⅔™≡ │ ⌐│ ≢ ╩

≢⅝╢√╘ ⅜ ↄ ∆╢↓≤⅜≢⅝╢⅛╠∞ ⅎ┌ ≢│

⌐ ™╢ ─ ▬○fi⅜ ⌐ ⇔≡™╢√╘ ⌐ ⅜

∆╢ ≈╕╡ ╙ ≤⇔≡ ╦⌂↑╣┌⌂╠∏╟╡ ↄ─ ╩ ≤∆

╢√╘ ⅜ ↄ⌂∫≡⇔╕™ √╡─◄Ⱡꜟ◑כ ⅜ ∆╢ ≤⌂╢

≈╕╡ ╩ ≢ ≢⅝╢ LIB│ ─╟℮⌂ ⌐ ═ ⅛╠

∆≢⌐ ◄Ⱡꜟ◑כ ╩ √∆ ≢№╢≤ ⅎ╢[5] 

 LIB⅜ ◄Ⱡꜟ◑כ ╩ ≈╙℮ 1≈─ │ ─ ⅜ ≤ ═ ⌐

⅝™ ╩ ⇔≡™╢↓≤∞ LIB│ ╟╡╙ ⅜ ™ ( 1.1)╩

™≡™╢√╘ 4V─ ⌐╙ ⅎ℮╢ ⇔⅛⇔ ─╟℮⌂ ⅜ ≢№╢

─ │ 2V ⅜ ≢№╢ ∕⇔≡◄Ⱡꜟ◑כ (Wh/kg)│ ⅛╠ ≡╙

╠⅛≢№╢╟℮⌐W V×A ≈╕╡ ≤ ⌐№╢ ↓╣│LIB⅜ ╩

⌐ ™√ ≤ ═ ⌂ↄ≤╙ 2 ─◄Ⱡꜟ◑כ ╩ ⇔≡™╢↓≤╩ ∆

╟╡ LIB│ ∆╢ ─ ≢ ─◄Ⱡꜟ◑כ ╩ ≈ ≢№╢↓≤╩ ⇔

√[19] ⌐∕─ ╩ ⅛⇔☻ⱴכ♩ⱨ◊fi╛♃Ⱪ꜠♇♩ ⱡכ♩ PC⌂≥─

ↄ ↕╣≡™╢ ∕⇔≡ ⌂╢ ™ ≤⇔≡ LIB╩ ≤⇔≡

↕╣╢╟℮⌐⌂∫√ ⇔⅛⇔ ∆≢⌐ ─ ≢ ⇔√╟℮⌐ LIB ≢

│ ≈╕╡ ⌐╕∞ ⅜№╢ ∕↓≢ ≢│ LIB─

─√╘ ─ ⌐ ⇔√  
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1.1.4. ─ ⌐⅔↑╢  

─ ⌐⅔↑╢ ╩ 1.4⌐ ∆[20-21] ⅎ┌ ⅛╠

≤ ╩ ⇔√Li▬○fi⅜ ╕≢ ∆╢(ŋ ) ⌐Li▬○fi⅜

⌐ ∆╢√╘⌐ ⇔(o ) Li▬○fi─ ≤ ⇔√

─▬○fi─ ⌐╟╡ ⅜ ↕╣╢ ∕⇔≡ ⌐ ∆╢(ɔ

) ↓─≤⅝ ⌐ ⅜∆≢⌐ ∆╢ │Li▬○fi⅜

─ ∆╢(ᴖ ─ ) ∕─ ⌐√≥╡

™√Li▬○fi│ ─ ╕≢ ∆╢(ᴗ ) ∕─ Li▬○fi│

┼ ↕╣╢(p ▬fi♃כ꜠◌כ◦ꜛfi) ⌐ ⇔√Li▬○fi│

╩ ∆╢(t Ᵽꜟ◒ ) ↓╣╠7≈─ ─℮∟ᵒ ᵖ

▬fi♃כ꜠◌כ◦ꜛfi─ │▬fiⱧכ♄fi☻ ⌐⅔™≡ ⌐ ⅜ ™

↓≤⅛╠ ╡ ↑⅜ ≢№╢ ∕─√╘╕≤╘≡ (Rct)≤ ┌╣≡™╢ Rct

│ ⌐ ╦╢ ⌐⅔↑╢ ⌐⌂╢ ⌐ᵒ

ᵔ ─ ᵖ ▬fi♃כ꜠◌כ◦ꜛfi─3 ⅜ ⌐⌂

╢↓≤⅜ ╠╣≡™╢ ⌐Rct ─ ⌐≈™≡ LixLa1/3NbO3─ ╩in-

situ ▬fiⱧכ♄fi☻ ╩ ™ ⇔√ ╠⌐╟╢≤ 1.5 (a)─╟℮⌂

⌐⌂∫√ 40100Ɏ⌐ ∆╢♫▬◐☻♩ │2≈─ ⅜ ⌂∫≡™╢╟℮⌂

⌐⌂╡ ╛│╡Rct ─ ─ ⅜ ™↓≤⅜ ≢⅝√ ↓─ ⌐⅔™≡

Semicircle 1⅜Rct─ ≢╙ ⅜ᵑ ⌐ ™ᵒ ≢№╡ Semicircle 2⅜

Rct─ ≢╙ ⅜ ↄ ≢№╢ᵖ ▬fi♃כ꜠◌כ◦ꜛfi∞≤

╠│ ⇔√ ∕⇔≡↓─ ⅛╠ ⇔√LixLa1/3NbO3⌐⅔↑╢Li▬○fi

╩ 1.5 (b)⌐ ⇔√ ↓─ ╟╡ ( )/ ( ) ─Li▬○fi

⅜ ╠⅛⌐⌂╡ ⌐⅔™≡ ⌐ ⌂ ⅜⅛╡⌐⌂∫≡™╢  

 

1.1.5.  

─LIB─ ─ⱬfi♅ⱴכ◒≢№╢◖Ᵽꜟ♩ ꜞ♅►ⱶ LiCoO2 LC⌐│

☿ꜟ ╩ ↕∑╢ ⅜ ⌐2 ∆╢ 1≈ │ ─ ≢№╢LiF

CH2CO2Li2 ROCO2Li⌂≥⅜ ↕ 5nm╒≥─ Solid Electrolyte Interface

SEI╩ ∆╢↓≤∞[22, 37-58] ⅜SEI⌐ ╦╣≡⇔╕℮≤ ≤ ─

⅜ ⇔⌂ↄ⌂╢√╘↓╣ ─ │ ↓╠∏ │ ↕╣╢╙── SEI

─ ⌐╟╡ Rct⅜ ⇔≡⇔╕℮ ≈ │ ─ ╡ ⇔⌐╟╡ ⌐ Co⅜

⇔ ─ ⅜ ⇔ ⅜ ∆╢ ≢№╢[22, 37-58] ↓╣╠2 ─

│ ⌐│ ⅜Ᵽꜟ◒ ⌐⌂╢√╘№╕╡ │⌂™⅜

⌐│ ⌐Rct⅜ ≤⌂╢↓≤⅛╠ ⅝ↄ ⅜ ∆╢[37-58] ⌐

─ LC╩ ≤⇔≡ ™≡ ⇔√ ⌐⅔™≡ ( ♩כ꜠ 0.1C)⅛╠

( ♩כ꜠ 100C)╕≢5◘▬◒ꜟ↔≤⌐ ╩ ⇔√ ╩ 1.6⌐
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∆ 0.1C≢│180mAh/g─ ⅜ ≡™√⌐╙⅛⅛╦╠∏50C100C≢│╒╓0mAh/g≤

⅜ ⌂™↓≤⅜ ≢⅝╢ ↕╠⌐ 100C⌐ 2◘▬◒ꜟ─╖ 0.1C≢ ─

╩ ∫√≤↓╤ ⅜180mAh/g≤ ≢№╢↓≤⅛╠ ≡⌐♩כ꜠

⅜ ╣√√╘ ⅜ ⌂⅛∫√≤™℮╦↑≢│⌂™ ≈╕╡☿ꜟ ─

⅜ │≢♩כ꜠ Ᵽꜟ◒ ∞↑≢№∫√─⌐ ⇔ │≢♩כ꜠ Ᵽꜟ

◒ ∞↑≢⌂ↄ Rct╙ ⌐⌂∫√√╘ ⅜ ⇔ 1.6⌐ ⇔√ ⌐

⌂∫√≤ ⅎ╠╣╢  

↓─ ╩ ∆╢√╘─ ≤⇔≡ ⅝ↄ2≈ ∆╢ 1≈ ≤⇔≡│

◘▬☼╩♫ⱡ☻◔כꜟ╕≢ ↕ↄ↕∑╢↓≤≢Ᵽꜟ◒ ─Li▬○fi─ ╩

↕∑╢ ≢№╢[23-36]⇔⅛⇔↓─ │ ⌐ ⅜ ↕ↄ∆╢↓≤│

≢№╢√╘ ⅜ ⅎ≡™╢ ∕↓≢ ↕╣≡™╢╙℮1≈─ ≤⇔≡Al2O3╛

ZrO2⌂≥─ ⅛≈ ─ ⌐ ⇔ ⌂ ╩ ⌐ ⌐◖

╢∆◓fi▫♥כ ⅜№╢[37-58] ↓─ │ SEI⌐╟╢ ≤⇔≡ ↄ ╠╣

≡™╢ ⌐│ ⌐ ⌐ ⌂ ╩▪⸗ꜟⱨ□☻ ≢

↕∑╢ ↓╣⌐╟╡ ≤ ⅜ ⇔⌂ↄ⌂╢↓≤⅛╠ ─

≤⇔≡ ↕╣╢ SEI╛Co─ ┼─ ╩ ≢⅝╢ ∕─√╘ ☿

ꜟ ─ ╩ ←↓≤⅜≢⅝ ⅜ ≢⅝╢ Scott╠⌐╟╢≤ LC

⌐ALDAtomic Layer Deposition, ╩ ™≡Al2O3╩ ↕2М ♥כ◖

▫fi◓⇔√Al2O3 LC ╩ ⇔√ ↓─ ╩ ™≡7.8C≤™℮

⌐ ™ 75 ⅜№∫√[45] 1.7 ↓─ ╟╡

┼─ ≈╕╡ SEI⅜ ─ ╩ ∆╢↓≤⅜ ⇔√

↓╣╕≢⌐Al2O3[45,46,48,49]⌐╙ZrO2[47, 50, 51, 56]TiO2[52-55]NiO2[57, 58]⌂≥

─ ⅜ SEI≤⇔≡╟ↄ ™╠╣≡™╢[37-58]↓╣╠─ │ ⌐

∑∏ ⌂⅔⅛≈ ≢№╢≤™℮ ⅛╠Li▬○fi⅜ ∆╢ ⌐ ⌐ ∂╢

╩ ⅎ╢ ⅝╙ ∆╢ ⇔⅛⇔ ™ↄ╠▪⸗ꜟⱨ□☻ ─ ≤™ⅎ≥╙

√⇔◓fi▫♥כ◖╩ ∞↑Li▬○fi─ / │ ≈╕╡SEI─ │

⇔≡⇔╕℮ ∕↓≢ ≢│SEI─ ≢│⌂ↄ Rct─∕─ ─ ⌐

Rct┼─ ⅜ ⅝™ ╩ ≢⅝╢╟℮⌂ SEI⅜ ≢⅝⌂™⅛≤ ⅎ

√  
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1.1.6. BaTiO3 

╕≢⌐₈ SEI─ ↕╩ ↄ∆╢↓≤≢Rct ─ SEI─ ⌐╟

╢ ₉⌐≈™≡ ⇔√ ≢│ ─Rct ╩ ∆╢↓≤≢ ╩

∆√╘ SEI ─ ⌐ ⇔ ≤⇔≡ ╩ ™╢↓≤≤

⇔√ ≤│ ≢ ⌂ ╩ ≈ ≢№╢ ╕√ │

╩ √⌂™ ⅛╠ ┼─ ( )⌐ ⇔≡

╩ ∆ ↓╣╠─ ╩ ⇔≡ ♃◦Ɽꜗ◐╛♃כ◄ꜙ♅◒▪ ☿fi◘

≤⇔≡ ↄ ↕╣≡™╢ ↓─╟℮⌂ ╩ ≈ ─ ≢╙ ⌂

≢№╢♅♃fi Ᵽꜞ►ⱶBaTiO3 BT╩ ≤⇔≡ ⇔√ BT│

─ ≢╙ ⌐ ™ ╩ ∟ │◖fi♦fi◘ ⌂≥─ ≤⇔≡ ™

╠╣╢ ↓─ │1942⌐▪ⱷꜞ◌ ─Wainer≤Salomon[59] 19441 31

⌐ ─ ≤ [60] 11 6 ⌐♁ⱦ◄♩ ─Vul≤Goldman[61]⌐╟

∫≡ ≡ ⇔≡╒╓ ⌐ ↕╣√ ≤⇔≡│ 1.8⌐ ∆╟℮⌂Ɑ꜡Ⱪ

☻◌▬♩ ╩ ≈ ≢№╢ BT│ ⇔√BO6 ─

Ⱡ♇♩꞉כ◒─ ⌐A◘▬♩ ⅜ ↕╣√ ╩ ∟ A◘▬♩ ┘B◘▬♩─

▬○fi─ ⌐ ∂≡⁸ ╘≡ ⌂ ╩ ∆ BT│-80ϴ╕≢│

(R3m) -80ϴ⅛╠5ϴ╕≢│ (Bmm2) 5ϴ⅛╠130ϴ╕≢│ (P4mm)

120ϴ ≢│ (Pm3m)─ ⌂ ╩ ∆ ↓─ ≢╙ ─

≈╕╡ ⌐⅔™≡ ⌐ ™ ╩ ≈ ↓╣│ ─ ⌐ ∆╢Ti4+

⅜ ⅛╠╦∏⅛⌐∏╣≡™╢↓≤⌐ ∆╢ ∕─√╘120ϴ ≢ ┼

⇔√≤⅝│ Ti4+⅜∟╞℮≥ ⌐ ∆╢╟℮⌐⌂╢√╘ ╩ ↕∏

⌐⌂╢ 1.9⌐ (25ϴ)⌐⅔↑╢ ⌐ ∆╢BT─ ╩ ∆ ↓─ ⌐⅔

™≡BT│ ≈╕╡ ─ ∆╢DC ⌐⅔™≡20003000≤ ⌐ ™

╩ ∆╢ ↓─ ─ │ BT⅜90Á♪ⱷ▬fi ⌐╟╢ ≤♁

ⱨ♩⸗כ♪⌐╟╢▬○fi ─ ⌐╟╢╙─≢№╢ ( 1.10)[62-69] ╕√ ≤

─ ╟╡ ≤ │ ⌐№╢↓≤⅜╦⅛╢ ≢│

⅜ ≈ ─ ╩ ⇔ ◌♅○fi≢№╢Li▬○fi╩ ⅝ ∑╢↓≤

≢ ≢ ∆╢ ╩ ∆╢↓≤≢Rct⅜ ≢⅝╢─≢│⌂™⅛≤ ⇔

√   

  



11 
 

1.1.7. SEI⌐╟╢ ⸗♦ꜟ 

1.11⌐ SEI⌐╟╢ ⸗♦ꜟ╩ ∆[70, 71]╕∏LC─ ⌐BT╩

⇔√ ╩ ∆╢ │ ⌐ ⇔ ⌐ ≢№╢√╘  

LC⌐ ⇔√BT⌐│ ⅜ ∆╢ ↓─≤⅝ ⌐╟╡ ⇔√

│♩ⱷfiכ⸗ ⌐ ⌐ ≤™℮ ⌐⌂╢ ∕⇔≡

⌐ ─ ™ Ί Ί ─ ⌐⅔™≡ ─ ⅜ ⌐

∆╢≤ ⅎ√ ↓─ ⌐ ∆╢ ⅜◌♅○fi≢№╢Li▬○fi╩ ⅝ ∑╢↓

≤≢ ⅛╠ ┼─Li▬○fi─ / ( )⅜ ≈╕

╡Rct⅜ ⇔ ≢⅝╢≤ ⇔≡™╢  

⌐│BT─ ≈ ™ ⅜ ≢№╢ ∕─√╘ LC ⌐BT╩

SEI≤⇔≡ ∆╢ ⌐│ BT╩ ≢ ∆╢ ⅜№╢ ⇔⅛⇔ ≢

SEI╩ ⇔≡⇔╕℮≤ BT│Li▬○fi ≢№╢√╘Li▬○fi─ ╩

⇔≡⇔╕℮ ⅜№╢ ∕↓≢ ⌐ ∆╢↓≤⌐╟╡ Li▬○fi ╩

∆╢ ⌐ BT⌐ ∆╢ ⌐╟╢Rct ⅜ ↕╣╢─≢│⌂™⅛≤

⇔√  
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1.2.  

≢│ ◄Ⱡꜟ◑כ ╩ ≈ LIB─ ╩ ↕∑╢↓≤≢

≤⇔≡ ≢⅝╢─≢│⌂™⅛≤ ⅎ√ LIB─ ╩ ↕∑╢⌐№√╡

≢│ ⌐ ⇔√ ∕─ ≢╙ ⌐ ⌐ ≤⌂╢

─ (Rct)⌐ ⇔ Rct╩ ∆╢↓≤≢ ─ ╩ ╢↓≤≤⇔√

⌂LIB─ ≢№╢◖Ᵽꜟ♩ ꜞ♅►ⱶ LiCoO2, LC⌐│ ╩ ↕∑

╢ ⌂ ⅜ 2≈№╢ 1≈ ≤⇔≡ ⌐ ⅜ Solid 

Electrolyte Interface, SEI╩ ⇔ SEI─Li▬○fi ⅜ ∆╢ ⅜ →╠╣╢

2≈ ≤⇔≡│ ╩ ╡ ⇔ ℮⌐≈╣ ⌐Co⅜ ⇔≡⇔╕™ ─

⌐ ™ ⅜ ∆╢ ∞ ™∏╣╙ ─ ⌐ ∆╢ ≈╕╡

Li▬○fi─ ╩ ∆╢√╘ ⅜ ⇔≡⇔╕℮ ∆≢⌐↓─ ╩ ∆╢

√╘─ ≤⇔≡ ╩ SEI≤⇔≡ ∆╢ ⅜ ╪⌐⅔↓⌂╦╣≡

™╢ ≤⇔≡ ╦╣╢ │Al2O3 ZrO2⌂≥─ ≢⌂⅔⅛≈

⌐ ⇔ ≢№╢ ≢№╢ SEI⌐╟∫≡ SEI╟╡╙Rct ─SEI⌐╟╢

╩ ∆╢↓≤│≢⅝√⅜ SEI│ ≤⇔≡│ ⇔⌂™√╘ ∆╣

┌∆╢╒≥ ⌐⅔↑╢ ─ ⅜ ⇔≡⇔╕℮ ↕╠⌐ ™ↄ╠ SEI╩ ⌐

⇔√≤↓╤≢SEI─ │SEI⅜№╢ ╡ ∆╢ ∕↓≢ ≢│ SEI

─ ─ Rct⌐ ╕╣╢ ╩ ∆╢√╘⌐ BaTiO3─

⌐ ∆╢ ⅜ ≢⅝╢≤ ⇔√   

╩ ╕ⅎ ≤⇔≡│ ⌐ ↑≡ ⌐

╩ ∆╢↓≤≢LIB─ ┘ ⱷ◌♬☼ⱶ─ ≢№╢  
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1.3. ─  

≢│ ─6 ⅛╠ ↕╣≡™╢  

 

1 │ ≢№╡ ─ ↑ ┘⌐ ⌐≈™≡ ═≡™╢  

 

2 │BaTiO3-LiCoO2 ─ ⌐≈™≡ ═≡™╢

≤BT ─ ⅛╠∕╣∙╣ ┘ ╩ ℮↓≤≢ ╙

∆╢ ╩ ⇔√  

 

3 │ ⌐⅔↑╢ⱷ◌♬☼ⱶ ⌐≈™≡ ═≡™╢ ╕∏ ▬fi

Ⱨכ♄fi☻ ╩ ™ ╡Rct⅜ ⇔√↓≤╩ ⇔√ ⌐ SEI≤

⇔≡ ⇔√BT─ ⌐╟╢Co─ ╩ ╦⌂™ (

⌂ )─ ⌐≈™≡ ⇔√  ⅜ ⌂ ≢│⌂ↄCo─

⌐ ⇔≡™╢↓≤⅜ ⇔√ ™≡Rct ≤⇔≡ ↕╣╢

─ ⌐≈™≡ ╩ ™√⸗♦ꜟ ⌐╟╢ ─

⅛╠ ⇔√ ↕╠⌐MOD ⌐╟╢ ┘ ╩ ™

≤ ⅛╠ ≡√ ⌐ ℮↓≤╩ ⇔√ ∕↓≢ ┼─

╩╟╡ ⌐ ≢⅝╢ ⌐ ⇔ ⌂╢ ┼ ⇔√  

 

4 │ ─ ⌐ ≤⌂╢ ⅜ -LC ≢ ⇔√↓≤⌐

≈™≡ ═≡™╢ ≢│ √⌐ SEI≤⇔≡ (Ba, Sr)TiO3 BST╩ ⇔

√ BST│Ba/Sr⌐╟∫≡ ⅜ ≢⅝╢ ∕↓≢ SEI─

⌐ ∆╢ ─ ⌐≈™≡ ╩ ∫√  

 

5 │ √⌐ ⇔√Al2O3 ⌐╟╢ ⌐≈™≡ 2 ⅛╠ 5

≤│ ⌂╢ ⅛╠ ⇔√ ↓─ ⅛╠ ╕≢≤─ ⱷ◌♬☼ⱶ≤│

⌂╢ ≢ ⅜ ∆╢↓≤╩ ⇔√  

 

6 ≢│ 1 ⅛╠6 ╕≢⌐ ═√ ⌐≈™≡ ╩ ∫√  
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1.1  ─ ⌐⅔↑╢ꜝ◗fi  
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1.2  (a) LiCoO2─ ,  (b) CoO6─ ,  

(c)  (ABCABC) 

1.3 (a) LIB─  

(a) 
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1.3 (b)  LIB─ ה ⌐⅔↑╢  

1.1  LIB⌐ ™╠╣╢ ─▬○fi  (mScm-1) 

(b) 
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1.4  LIB⌐⅔↑╢ ─  
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1.5  (a) 3 ☿ꜟ≢ ▬fiⱧכ♄fi☻ ╩ ∫√≤⅝─ Rct  

(b) ⅛╠ ↕╣╢ ─  

(a) 

(b) 
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1.6  0.1C⅛╠ 100C╕≢ 5◘▬◒ꜟ↔≤⌐ C꜠כ♩╩ ↕∑≡™∫√≤⅝─

LC─  










































































































































































































































































































































