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Carbon Allotropes 

Allotropes 

Fullerene 

Bucky Onions Toroidal Structures 

Nanotubes 

Acetylene Blacks 

Hexagonal graphite 

Poly-

crystalline 

Graphite 

Carbon Black 

Cokes and 

Activated 

Carbons 
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Carbyne 

SP1 

SP2 

SP2+e 

Cubic diamond Diamond-like Carbon SP3 

rehybridization 

Bonding 

Hybridization Derived and Defective Forms 

Ref.) Bourrat, X. Structure in Carbons and 

Carbon Artifacts. In: Sciences of Carbon 

Materials. Marsh, H.; Rodriguez-Reinoso, F., 

Eds., Universidad de Alicante, 2000. pp1-97. 





Molecular structures of graphite 



Characteristics of carbons 

ȼ Thermal stability  

ȼ High thermal and electric conductivities 

 SWNT, Diamond : 4000 W/mK, K-11 

carbon fiber: 1100 W/mK  

ȼ Small heat expansion  

ȼ High thermal shock properties 

ȼ High chemical stability 

ȼ Abrasion and lubricant properties 

ȼ High mechanical properties 



33 

D E E EF

ˉ a , 
b , EF ˉ c  



Carbon is key element for Batteries !! 

Ni-MH 

Li-ion Dry Battery 

(+) : MnO2 

(-)  : Zn 

Conductor :Carbon 

[High capacity] 

[High power] 

[Total balance] 

[Cheap] 

[Easy Available] 

(+) : LiCoO2 

(-)  : Carbon(Graphite) 

Conductor :Carbon 

(+) : (Ni-Co )(OH)2 

(-)  : Mm(Ni-Mn-Al-Co)5 

substrate:Nickel and Carbon 
23/24  
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Applications and necessity of Li-ion battery 
Chap. 1 Introduction 

Energy storage system in smart grid 

ICE Electric motor 

< Toyota RAV4 EV >  < Toyota Camry >  

Power source of electric vehicles 

Energy density of various rechargeable 

batteries 

J.M. Tarascon, M. Armand, Nature 414 (2001) 359. 

Li -ion battery is paid much attention as 

power sources of ESS and electric 

vehicles in a variety of rechargeable 

batteries.  

http://www.nec.com  

ICE : Internal combustion engine,  ESS : Energy storage system 

http://image.trucktrend.com/f/37186850/2013-Toyota-RAV4-EV-Motor-Side-View.jpg
http://www.motortrend.com/roadtests/sedans/1110_2012_toyota_camry_drive/photo_10.html

