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Abstract

: In order to improve the lithium ion battery’s performance, the carbon

nanofibers were introduced to the anode electrode fabricated with natural graphite particles.
The influence of structural adjustment of the particles by the introduction method of
carbon nanofibers and the content of carbon nanofibers on the electrical property and
charge/discharge characteristics of the electrode were investigated. The electrode fabricated
with the mixture of 10 wt% of carbon nanofibers grown separately and 90 wt% of
graphite particles showed an excellent discharge capacity of 400 mAh/g and the improved
cycle performance. The improved performance could be explained by that the carbon
nanofibers shortened and uniformly distributed on the surface of graphite particles by ball
milling increased the stability for the intercalation/deintercalation of lithium ion and
increased the electrical conductivity due to the closed packing between graphite particles.
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Table 1. Physical Properties of Graphite Used
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Fig. 1. Schematic diagram of a flow reactor system for preparation of

carbon nanofiber.
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Table 2. Preparation Conditions and Properties of Carbon Nanofibers

Catalyst Ni:Cu (7:3) powder
) N2 90
Prepall'a'tlon Flow rate CHe 400
condition (sccm)
H, 100
Reaction time (hr) 2
Specific surface area
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Property of (m“/g)
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L 0.181
resistivity (2 cm)
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Fig. 2. Description of lithium ion secondary battery.
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Fig. 3. X-ray diffraction diagrams for the
graphite and carbon nanofiber mixture
prepared by direct growth of carbon
nanofibe on graphite.
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Fig. 4. X-ray diffraction  diagrams  for

graphite and carbon nanofiber mixture
prepared by mixing and ball milling.
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Fig. 5. SEM image of (a) graphite particle, (b) 2 wt% carbon nanofiber/graphite by direct
growth on graphite, (c) carbon nanofibers, (d) 5wt% carbon nanofiber/graphite by

mixing and ball milling.
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Table 3. BET Surface Areas of Carbon Nanofiber/Graphite Mixtures after Ball Milling for 24 hr

Carbon nanofiber Average particle size dooz Specific surface area
content (wt%) {um) (nm) (m*/g)
0 42 0.3355 2.3
5 50 0.3358 7.4
10 52 0.3361 137
20 54 0.3371 209

Table 4. Carbon Nanofiber Content and Specific Surface Area of Samples Prepared by Dire
Growth of Carbon Nanofiber on Graphite Particle with Different Reaction Conditions

Flow rate L Carbon Average Specific
Reaction time . . .
(sccm) (min) nanofiber particle size surfacze area
Ns C:Hy H, content (wt%) (1m) (m“/g)
30 100 25 30 20 59 115
30 100 25 10 10 55 327
30 50 12 10 4 54 19.2
30 25 6 10 2 52 11.2
Graphite 42 23
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Fig. 6. Electrical conductivity of carbon
nanofiber/graphite composites with 13
wt% of PVDF binder.
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Table 5. 2nd Charge/Discharge Capacity and Initial Efficiency of the Graphite Electrodes
Surface-modified by Introduction of Carbon Nanofiber with Different Methods

Preparation Carbon nanofiber Discharge/charge Efficiency
method content (wt%) capacity (mAh/g) (%)
Direct growth of 0 317.5/322.8 98.3
carbon nanofibers 2 264.6/267.8 98.8
on graphite 4 305.8/312.1 97.9
Mixing and ball 0 375.2/376.3 99.7
milling of graphite and 5 304.1/308.2 9.6
carbon nanofibers 10 443.0/443.3 99.0
grown separately 20 250.1/259.2 9.4
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Fig. 7. Cycle  performances of  graphite
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electrode prepared by direct growth.
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Fig. 8. Cycle discharge performances of ball
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milled carbon nanofiber/graphite
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