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Abstract : In an attempt to achieve high rate capability of cell, a new composite cathode was
prepared by mixing host compounds with MWCNTs and Super P carbon. Because MWCNTs
generally have bundle-type morphologies, it is not easy to get completely separated form. Suc-
cessful dispersion of divided small bundles between the host particles keeps electrochemical con-
tacts among the particles and plays a significant role in the buffer action as a volume-change
absorber. Relative amounts and distributions of the additives are important for design of the elec-
trode for high power application of lithium ion batteries.
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1. Introduction

One of the advantages of secondary lithium batteries
is high energy density as they offer higher potentials
than those of other rechargeable systems.” Layered host
materials for electrode of lithium ion batteries have
been investigated as they have reversible lithium migra-
tions. LiCoO, cathodes are commercially available in
the market. Recently, LiMO, (M =Ni, Co, Mn, Al, etc.)
materials were developed for economic and environ-
mental concerns. The amounts of lithium intercalation
of these materials mainly depend on the nickel contents
in the compounds. Compared to LiCoO,, demerits of
these materials are low densities, electrical conductivi-
ties, and rate capabilities. For high power applications,
it is important to improve electronic conductivities as
well as flexibilities of the electrodes. Nano-sized car-
bon black has been used as conducting agent for cath-
ode of lithium ion batteries.

Since the discovery of carbon nanotubes (CNTs),
many applications were attempted and still going on.?)
In order to use as additive in other materials, many
investigations on the dispersion of CNTs were done.>”
Applications of CNTs as additives in lithium ion batter-
ies were reported.®
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In this research, the effects of multi-walled carbon
nanotubes (MWCNTs) on electronic, and electrochemi-
cal properties of lithium ion batteries were investi-
gated. Composite cathodes with MWCNTs exhibited
improved discharge capacities and cycle lives at high
C-rates.

2. Experimental

MWCNTs were synthesized by catalytic chemical
vapor deposition process of Iljin Nanotech in Korea.
The length and diameters of MWCNTSs were 10~20 pm
and 10~15 nm, respectively. LiNig3Cog3Mng3Alg 10,
sample was prepared by co-precipitation reaction fol-
lowed by heat treatment. MWCNTS and Super P carbon
were dispersed in N-methyl-2-pyrrolidone (NMP) by
ultrasonic treatment for 5 minutes. The slurries were
prepared by mixing appropriate amounts of materials in
binder solution in homogenizer at 5000 rpm for 10 min-
utes. The weight ratios of solids and polyviny-lidene
fluoride (PVDF) binder were 90 : 10. The composite
slurries were coated on aluminum current collectors fol-
lowed by drying in an oven for 30 minutes at 120°C.
The typical values of electrode thickness after roll
pressing were of 90~100 pm.

For the battery tests, coin cells were assembled in an
argon-filled glove box. A lithium metal foil was used as
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the counter electrode and polypropylene film with the
thickness of 18 um was used for separator. A 1M
LiPF; in a mixture of ethylene carbonate (EC), ethyl
methyl carbonate (EMC) and diethyl carbonate (DEC)
was used as electrolytes. The cycle range was 4.3~3.0 V
vs. L/Li" and 1C rate was 150 mAh/g. The charge
tests were carried out with a constant current of 0.1 C
for the first charge and 0.2 C for the next charges. For
discharge tests, various constant current of 0.1~5.0 C
were applied one after another with a cell to evaluate
the rate capabilities. Van der Pauw method was used to
evaluate electrical conductivities of composite electrodes.
Samples were prepared by coating the slurry on polyester
film, then pressed and cut into a square piece of 2 X 2 cm.
Four corners of a piece were contacted on the measuring

Fig. 1. T.E.M. pictures of MWCNTs bundles and a tube.
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Fig. 2. Raman spectrum of MWCNTs with an excitation
wavelength of 514.5 nm.

device using silver paint and the resistivity was mea-
sured at room temperature.

3. Results and Discussion

MWCNTs were synthesized by catalytic CVD pro-
cess of Iljin Nanotech in Korea. As shown in Fig. 1,
MWCNTs have a bundle-type shape and an open tip
was observed in the magnified T.E.M. picture of a tube.
Fig. 2 shows Raman spectrum of MWCNTs with an
excitation wavelength of 514.5 nm. G-band and D-band
was observed at 1580 em™ and 1353 cm™, respectively.
The intensity ratio (I/Ip) was 1.31, and it is known that
D-band is due to the defects on the tube wall.”

Table 1 shows data of the composite electrodes.
While the conductivities of electrodes increase with the
contents of MWCNTSs, electrode densities decrease due
to the low density of MWCNTs bundles. The initial
efficiency is the capacity ratio of first discharge to
charge at 0.1 C rate. Amounts of additives do not affect
the initial efficiency, as they are not electrochemically
active for 4.3~3.0V vs. Li/Li" region. Fig. 3 shows
charge and discharge profiles for the composite elec-
trode with 2 wt% of Super P carbon and 3 wt% of
MWCNTs. Compared to the reference electrode with
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Fig. 3. Charge and discharge profiles at various C-rates
for composite cathode of LiNiy3Co3Mny3Aly 0, with
2 wt% Super P and 3 wt% MWCNTs.

Table 1. Characteristics of composite electrodes with various additive contents.

Additives in LiNi()»;CO(]le’l[)_gAl[)_ 1 02

Electrode Density (g/cc)

Initial Efficiency (%)  Electrode Conductivity (S/cm)

Super P 2 wt% 2.93
Super P 2 wt% + MWCNTs | wt% 2.19
Super P 2 wt% + MWCNTs 2 wt% 2.00

Super P 2 wt% + MWCNTSs 3 wt% 1.76

87.7 0.305E-01
88.1 1.338E-01
88.0 1.520E-01
87.9 2.135E-01
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Fig. 4. Comparisons of discharge capacities for composite
cathodes at various C-rates.

2 wt% of Super P carbon, the capacity at 5 C rate was
enhanced more than double. The capacity data of dis-
charge at various C-rates were summarized in Fig. 4.
Dramatic increase in high rate capabilities can be
explained by two reasons. MWCNTSs have higher elec-
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