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Structure of Carbon Materials for an Anode of Lithium Ion Battery

Isao MOCHIDA, Cha-Hun KU*, and Yozo KORAI

Lithium insertion mechanism into anodic carbon of lithium ion battery and the performances of
lithium ion battery such as charge/discharge capacity and potential, cycle stability were measured and
correlated to the structure of carbon. Lithium ion intercalates into the graphene layers of graphite,
reversible capacity being as high as 372 mAh/g theoretically. However, non-graphitized carbon
showed very different performances from that of graphite. Based on the charge/discharg performances
of several kinds of carbon, Li insertion models for carbons heat-treated at low temperature are proposed
in this review. The microstructure and sub-micro voids in carbon heat-treated at lower temperature play
a very important role to store Li in carbon. Such approaches will be very helpful to design new carbon
for higher performance Li ion battery.
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Table 1. Anodic performances and their related factors AFAVEBREBRLEOHEERDAVIERRICED
1.5
Performances Factors ‘ GRAPHITE
Capacity -. Sites for Li incorporation 1.0
Potentials for |-. Reversibility of charge and discharge 0.5
charge and |-. Overpotential -
discharge -. Non-electrochemical reactions ’: 0.0t L 1 1 1
Rate capability |-. diffusivity of Li ; 1 st SOFT CARBON
-. Reactivities of electrolyte ;_)’ 1ok
Irreversible  |-. Reactivities of anode, heteroatomic 2 0.5 K
capacity groups, terminal C-H, edg¢ carbon : 00
-. Irreversible sites for Li incorporation g T L . : =
Cycle stability |-. Irreversible charge in structure 10 HARD CARBON
-. Stability of charged Li
Safety -. Li-carbon interaction 0.5f
-. Thermal stability of SEI 0.0k > s .
-. Reactivities of electrolyte 0 200 400 600 800 1000
CAPACITY (mAbh/g )
WA 199846 F22H Figure 1. Charge/discharge profiles of representative carbon
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Table 2. Characteristics of various carbon materials
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Figure 2. Charge/discharge profiles of representative carbon
samples ( capacity per unit volume )
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Figure 3. Hexagonal unit cell of graphite
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Figure 4. HR-SEM photographs of the longitudinal sections
of the mesophase pitch based graphitized fiber. (A) Low
magnification image of the transverse section; (B) high
magnification image of the longitudinal section (a) fibril,
(b) pleat unit®?

(A)

Algned micro-domaing in the mesophase pilch liber
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—_—
Heat treatment
pitch fiber graphitized fiber
©

Figure 6. Formation mechanism of the graphitized fiber
from liguid crystal mesophase pitch (A) formation of the
molecular stacking and microdomain unit from aromatic
planar molecules in liquid crystal mesophase pitch (B)
deformed alignment of microdomains in the liquid crystal
mesophase pitch under shear (C) formation of the graphitic
and pleat unit in the graphitized fiber**
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Figure 5. STM images of longitudinal sections of the
mesophase pitch based graphitized fiber. (A) STM images of

-longitudinal sections of the mesophase pitch based

graphitized fiber ; (a) showing the thickness of fibril, (B)
enlargedimage of Fig. 5(A) ; (b) showing the thickness of
pleat unit, (C) enlarged image of Fig. 5(B) ; (c) showing the

thickness of graphitic unit*?
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Figure 7. HR-SEM photographs of structural unit in carbon
fiber
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Figure 8. Marsh-Griffiths model of carbonization /

graphitization process®”
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Figure 10. Models of arrangement of calamitic and discotic

molecules
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Figure 11. Change of Lc' of mesophase pitches with
increasing temperature® ; (a) methylnaphthalene, (b)
pertoleum pitch, (c) coal-tar pitch, (d) naphthalene, (e)
anthracene
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Figure 12. HR-SEM photographs of THF insoluble in
mesophase pitch
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Figure 13. Change of specific resistivity of carbon with
heat-treatment
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Figure 14. Structure models of glassy carbon ; (A)
Franklin®®, (B) Jenkins-Kawamura®”, (C) Shiraishi®®

cluster
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Figure 16. HR-SEM photographs of glassy carbon prepared

from furan resin
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Figure 17. Model for porous structure of non-graphitizable
carbon
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Figure 18. Structural model of the surface of graphite (a )
basal plane, (b ) zig-zag surface, ( ¢ ) arm-chair surface
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Figure 20. Stage change of graphite intercalation compound
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Figure 22. Insertion mechanism of Li ion into carbon heat-

treated at low temperature ( cavity model )"'®
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Figure 23. Insertion
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Qtotal = Qint + Qcav (2)
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Figure 24. Estimation of stacking height of carbon using
(002) peak in XRD"*
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Figure 25. Correlation between reversible capacity and pore
size of carbon heat-treated at 1000°C"*
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Figure 26. Insertion model of Li ion into carbon heat-treated
at 1000 °C
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Table 3. Evaluation of cluster and its orientation

Properties Method

XRD
FT-XRD
TEM
13C- and 'H-NMR

Size and shape of cluster

TEM
Microscopic XRD
Micro Raman

Orientation

Electric conductivity

’C- and 'H-NMR

Characterization of edge FT-IR

TPD

Table 4. Evaluation of void

Void Method

TEM
ST™M
Xe-NMR
X-ray scattering

Submicrovoids

Neutron scattering
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