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bstract

Nano-scale carbon materials such as Ketjenblack (KB) was used to combine with traditional conductive polymer such as poly(3,4-
thylenedioxythiophene) (PEDOT) and LiCoO2 to prepare composite cathode for lithium-ion (Li-ion) battery. The PEDOT/LiCoO2–KB cathodes
ere made by electrochemical deposition of 3,4-ethylenedioxythiophene (EDOT) monomer on the pre-formed LiCoO2–KB electrodes with 1 and
wt% of KB content. Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) were used to confirm the successful coating
f PEDOT layer on the LiCoO2 and KB components. To evaluate the effect of PEDOT coating, LiCoO2–KB electrodes with and without PEDOT

omponent were then tested and compared their results from different electrochemical characterizations. Homogeneity of the KB component and
he presence of conductive PEDOT layer are found to be important factors in controlling the cathode properties such as the involved capacity, cycle
bility, intercalation/de-intercalation rate and rate capability.

2006 Elsevier B.V. All rights reserved.

ion ba

t
i
g
u
a
e
t
t

e
m
t

eywords: Poly(3,4-ethylenedioxythiophene); LiCoO2; Ketjenblack; Lithium-

. Introduction

Lithium-ion (Li-ion) battery has become an important com-
onent for portable devices due to its higher energy density
ompared to other rechargeable battery systems such as nickel
etal hydride, lead acid, etc. [1]. With a growing interest to

evelop rechargeable Li-ion batteries for wireless power tools
nd electric vehicles, the rate capability and cycle life enhance-
ent become the most important challenges for Li-ion batter-

es. Previously, several carbon materials [2–9] such as carbon
bers (VGCF), acetylene black and Ketjenblack (KB) have
een evaluated and implemented in the cathode or anode in

eal battery products and the resulting materials show very
mpressive properties. Among them, the incorporation of nano-
tructured KB with LiCoO2 [9] was proved to be beneficial to
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he charge–discharge properties of the cathode in Li-ion battery
f a well-dispersed suspension of KB can be made. KB, as cate-
orized to the class of so-called “conductive carbon black” is a
nique carbon black with extremely small size and high surface
rea. Therefore, adding the nano-scale KB to cathode should
nhance the conductivity of the active materials and therefore
he rate capability of battery if a large surface/volume value is
he criteria for the enhanced transfer rate of lithium ions.

Electrically conductive polymers (ECPs) represent an inter-
sting family of synthetic materials due to their high electron
obility inside the doped polymer chains [10–13]. The prac-

ical application of ECPs often depends on their stability in
mbient conditions, in this aspect, great focus had been on poly-
hiophenes since they are generally stable in air and moisture.
oly(3,4-ethylenedioxythiophene) (PEDOT), as one member of
Th family, has gained great attention in view of its high electri-

al conductivity in the p-doped state, good thermal and chemical
tability and fast electrochemical switching [12,13]. With this
egard, PEDOT had been incorporated into metal oxides such
s LiMn2O4 [14] and V2O5 [15–17] to test their applicability in

mailto:jlhong@mail.nsysu.edu.tw
mailto:ccchang@ipx.nutn.edu.tw
dx.doi.org/10.1016/j.jpowsour.2006.05.032


1 er So

L
c
m
t
i
c

p
t
E
[
p
i
T
t
V
c
l
a
t
s
i
i
e
i
e

2

w
B
K
t
6
i
c
p
C
m
s
F
p
c
t
c
e

b
s
o
w
e
t
t
P
L

(
(
f
o
b

L
m
l
M
c
w
t
t
S
t
t
0
a
c

p
s
e
m
d
L
p

3

L
m
c
i
K
L
F
a
S
r
c
v
c
K
i
c
L

i
d
t

248 L.-J. Her et al. / Journal of Pow

i-ion battery. 3,4-Ethylenedioxythiophene (EDOT) monomer
an be directly oxidized by the metal oxides to initiate poly-
erization and form PEDOT polymer into the inner layer of

he metal oxides. Use of these PEDOT/metal oxide compos-
tes as electrodes showed drastic enhancement on capacity and
harge/discharge behavior.

Previously, a PEDOT/LiCoO2–carbon fibers (VGCF) com-
osite cathode material had been prepared in our labora-
ory by a continuous process of electrochemical deposition of
DOT monomer on the pre-formed LiCoO2–VGCF electrode

18]. Use of PEDOT in LiCoO2–VGCF cathode has enhanced
roperties such as the cycle ability, electrochemical stability,
ntercalation/de-intercalation rate of Li ion and rate capability.
he electrically conductive PEDOT may serve as outer layer

o facilitate the transportation of Li ions between LiCoO2 and
GCF fibers. Active surface areas of the LiCoO2 and VGCF

omponents are supposed to be important parameters on control-
ing the final performance of the composite cathode. With this
spect, alternative composite materials with nano-structured KB
o replace the micro-scale VGCF should be considered if active
urface is the key factor in controlling the transport rate of Li
on. In this study, LiCoO2/KB cathodes with and without the
ncorporation of PEDOT layer were prepared and characterized
lectrochemically. Additional parameter such as the KB load-
ng on the LiCoO2 cathode was also characterized in order to
stimate the effect of active surface.

. Experimental

LiCoO2 (Nippon Chemical Industrial Co.) used in this
ork had an average particle size of 11.5 �m, and a
runauer–Emmett–Teller (BET) surface area of 0.21 m2 g−1.
etjenblack (particle diameter 39.5 nm, Ketjenblack Interna-

ional) with a BET of 800 m2 g−1 and an empty core (ca.
0 vol% ratio) morphology was used as the conductive carbon
n the composite cathode. Electrodes with two levels of KB
ontent (1 and 5 wt%) were prepared by combining solid com-
onents of KB, polyvinylidenedifluoride (5 wt%, PVDF, Kureha
hemical Industry Co.) and LiCoO2 (94 and 90 wt%) in N-
ethylpyrolidone (NMP, Merck) of equal weight. The mixed

lurry was then coated on an aluminum foil (20 �m, Nippon
oil Co.) and dried at 90 ◦C. The dried electrodes were com-
ressed by a roller at room temperature to make a smooth and
ompact film structure. The composite cathode electrodes need
o be stored in the glove box (with its oxygen and humidity
ontent maintained below 5 ppm) for more than 24 h before the
lectrochemical polymerization step.

The electrochemical deposition of PEDOT was performed
y an Autolab electrochemical analyzer with a current sen-
itivity of 1 nA (Autolab PGSTAT30, Eco Chemie) [19]. A
ne-compartment three-electrode glass cell was used and the
hole apparatus was settled in the glove box. The working

lectrode is the composite LiCoO2–KB electrode prepared by

he above procedure with a dimension of 1 cm × 1 cm. Both
he counter and reference electrodes are lithium metal (FMC).
EDOT was deposited on the LiCoO2–KB electrode in l M
iPF6 (Kanto Denka Kogyo Co. Ltd.)/propylene carbonate

t
e
a
t
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PC, Ferro) solution with 0.05 M 3,4-ethylenedioxythiophene
EDOT, Aldrich) monomer by a constant current of 0.5 mA
or 400 s (equal to 200 mC). The resulting composite electrode
f PEDOT/LiCoO2–ECP was washed by PC for several times
efore further test for its capability.

The composite cathodes of PEDOT/LiCoO2–KB and
iCoO2–KB electrodes were tested by repeated cyclic voltam-
etry (CV) at 50 mV s−1 in 1 M electrolyte of LiPF6 in ethy-

ene carbonate:dimethyl carbonate (EC:DMC = 1:1, as LP30,
erck). A three-electrode glass cell with lithium foil as the

ounter and reference electrodes were used and the operation
as performed in the glove box. The electrodes were also

ested by CV at various scan rates in the same system in order
o compare the ionic transfer rate of the composite cathodes.
ince the real applications of cathodes in Li-ion battery are

he charge/discharge behavior at the constant current mode,
he electrodes were therefore charged to 4200 mV at a rate of
.1 mA cm−2 before the subsequently discharged to 2500 mV at
rate of 0.1 or 1.0 mA cm−2 to check the rate capability of the

omposites.
Surface morphology and surface composition of the com-

osite electrodes were detected by scanning electron micro-
cope (SEM; JEOL JSM35 model, operating at 20 kV) and
nergy dispersive spectroscopy (EDS), respectively. Speci-
ens of PEDOT/LiCoO2–KB were firstly washed by PC and

ried at 90 ◦C for 24 h before inspected by SEM. In contrast,
iCoO2–KB specimens were examined directly as in the pre-
ared states.

. Results and discussion

Electrochemical deposition of EDOT on the pre-formed
iCoO2–KB electrode was firstly tested in the galvanostatic
ode and measurements without EDOT monomer (i.e. without

omplication from polymerization) were also made for compar-
son. In each set of experiments, LiCoO2–KB electrodes of two
B contents (1 and 5 wt%, designated as LiCoO2–KB-1 and
iCoO2–KB-5, respectively) were applied. Curves (a and b) in
ig. 1 represent those without the EDOT monomer and curves (c
nd d) are from results with EDOT monomer in the electrolytes.
ince there is no EDOT monomer in the reaction, the voltage
esponses in curves (a and b) come exclusively from the constant
urrent charge with LiCoO2–KB electrode. Curve (a) has higher
oltage response than curve (b) during the whole process, indi-
ating that the resistance of the cathode electrode with 1 wt%
B is higher than cathode with 5 wt% KB. In considering KB

s a conductive (conductivity = 33 S cm−1) additive, higher KB
ontent should result in reduced resistance on the corresponding
iCoO2–KB-5 cathode.

Three potential reactions including electrochemical polymer-
zation of EDOT monomer, the electrochemical oxidation of the
eposited PEDOT and the de-intercalation of the Li ions from
he LiCoO2 particles are supposed to occur during the elec-

rochemical process shown in curves (c and d) of Fig. 1. This
lectrochemical polymerization of EDOT monomer resulted in
lower voltage profile in curves (c and d) as compared to

hose in curves (a and b). This result can be the evidence for
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Fig. 1. The voltage profiles of LiCoO –KB cathodes with (a) 1 wt% KB and (b)
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wt% KB in 1 M LiPF6–propylene carbonate (PC) solution, and (c) 1 wt% KB
nd (d) 5 wt% KB in EDOT (0.05 M)/LiPF6–PC (1 M) solution (under constant
urrent of 0.5 mA cm−2 for 400 s).

successful PEDOT deposition since the continuous incorpo-
ation of PEDOT on the pre-formed LiCoO2–KB cathode helps
o reduce the electrode resistance. Here, voltages involved for
EDOT/LiCoO2–KB-1 electrode (curve (c)) are even lower than

hose for LiCoO2–KB-5 electrode (curve (b)), which suggests
hat the incorporated PEDOT exerts a greater effect on reducing
he corresponding polarization potential than the KB compo-
ent.

The surface morphology of all electrodes was then exam-
ned by SEM. LiCoO2–KB electrodes were examined by SEM
nd the results were shown in Fig. 2. Under low magnification
500×, Fig. 2(a′)), no obvious KB particles can be resolved for
iCoO2–KB-1 since the nano-scale KB particle (with a diameter
f ∼39.5 nm, Fig. 2(a)) is difficult to be observed at such a low
agnification. With a higher magnification (4000×), the corre-

ponding micrograph in Fig. 2(a) shows that most of the LiCoO2
articles are covered by rough surfaces presumably constituted
y KB aggregates. Morphological variation is more signifi-
ant for LiCoO2–KB-5, where fewer particles than expected
re observed under low magnification (500×, Fig. 2(b′)) and
ost areas are flat regions with certain visible crack lines.
ith 60 vol% of empty core, KB component in LiCoO2–KB-5

lectrode actually occupies a large volume fraction (calculated
olume ratio of KB and LiCoO2 is 1–2.8). If inspected under
igh magnification as in Fig. 2(b), the KB residues found on
he surface of LiCoO2 are fewer than expected if compared to
ig. 2(a). Reasonably, the surplus KB particles (LiCoO2–KB-5
ersus LiCoO2–KB-1) tend to form separated aggregates due
o the strong van der Waal interactions among the hydropho-
ic carbon atoms in KBs. Therefore, large portions of the flat
egions must be constituted by KB components and most likely
y their aggregate. This non-uniform dispersion of KB particles
s supposed to have influence on the resulting properties just
s the reported case of carbon black on Li-ion batteries, where
he uniformity of the carbon black largely affects the reversible

apacity [20].

Under 500× magnification, PEDOT/LiCoO2–KB-1 has a
orphology (Fig. 2(c′)) similar with LiCoO2–KB (Fig. 2(a)) and
icrograph under high magnification (4000×, Fig. 2(c)) shows

t
f
t
a
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he prevalence of small particles covered by rough surfaces. Pre-
umably, these rough surfaces are due to the resulting PEDOT
ayers, a problem will be further verified by EDS provided next.
he resulting morphology for PEDOT/LiCoO2–KB-5 (Fig. 2(d
nd d′)) is similar to that of LiCoO2–KB-5. Careful inspection
ay suggest an inhomogeneous coating of PEDOTs over the

esolved particles; suggestively, covering of PEDOT over an
riginally non-uniform LiCoO2–KB composite will end in a
imilar non-uniformity, too.

Incorporation of PEDOT to LiCoO2–KB composite can be
urther verified by the EDS spectra shown in Fig. 3. Both
iCoO2–KB-1 (Fig. 3(a)) and LiCoO2–KB-5 (Fig. 3(b)) have
eaks attributed to the K� and K� diffractions of Co at
he respective positions of 6.925 and 7.649 keV. Existence of
EDOT in PEDOT/LiCoO2–KB-1 and PEDOT/LiCoO2–KB-
cathodes can be confirmed by the extra peak at 2.307 keV

K� diffraction of S atom in PEDOT) in Fig. 3(c and d). Here,
he small amount of phosphorus diffraction is due to the LiPF6
esidues from the electrolyte. In combination with the SEM
esults, we may conclude a successful electrochemical depo-
ition of PEDOT to the LiCoO2–KB composites.

CV scans with LiCoO2–KB or PEDOT/LiCoO2–KB com-
osite cathodes were performed in the standard LP30 elec-
rolytes and the corresponding curves were illustrated in Fig. 4.
or LiCoO2–KB-1 (curve (a)), the onset potential of the anodic
weep is not easy to locate but for the 5 wt% counterpart shown
n curve (c), the onset anodic and oxidation cathodic sweeps
t the respective 3900 and 3550 mV are clearly visible. These
alues are coincided with the typical CV behavior of LiCoO2
21]. Here, we observe that the involved capacity increases
ith the KB content in all composite cathodes. However, with

he incorporation of PEDOT component, the involved capac-
ty is obviously larger in cathodes containing PEDOT than
hose without it. For PEDOT/LiCoO2–KB-1, the correspond-
ng response in curve (b) is rather symmetric on either the
nodic or cathodic sweeps, a characteristic had been reported
or PEDOT coated LiCoO2 previously [19]. The onset poten-
ials for both PEDOT/LiCoO2–KB-1 and PEDOT/LiCoO2–KB-

are the same irrespective of the difference on the KB con-
ent. A cross examination on the involved capacity might sug-
est that KB content is the controlling factor since the capac-
ty difference (117 mC) between PEDOT/LiCoO2–KB-1 and
EDOT/LiCoO2–KB-5 (curve (b) versus curve (d)) is quite close

o that (110 mC) between LiCoO2–KB-1 and LiCoO2–KB-5
athodes (curve (a) versus curve (c)).

Electrochemical stability of cathodes can be evaluated by
ntegrating the cathodic and anodic currents from 2900 to
200 mV during continuous CV cycling and the capacity ratio
sed to quantify the stability is the ratio between the second
nd the further cycles. Fig. 5 shows the capacity ratio fading
urves, where result from LiCoO2–KB-1 is slightly different
rom the other. Excellent stability is observed for LiCoO2–KB-
and PEDOT/LiCoO2–KB-1 and PEDOT/LiCoO2–KB-5 since
he capacity fading ratio is less than 1% for curves (b–d). Even
or LiCoO2–KB-1, the stability is also good since after 60 cycles
he capacity fading is less than 2%. The capacity retentions
fter 60 cycles for LiCoO2–KB-1 and PEDOT/LiCoO2–KB-
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Fig. 2. SEM micrographs of the LiCoO2–KB-1 composite at a magnification of (a) 4000× and (a′) 500×; LiCoO2–KB-5 composite at a magnification of (b) 4000×
and (b′) 500×; PEDOT/LiCoO2–KB-1 composite at a magnification of (c) 4000× and (c′) 500×; PEDOT/LiCoO2–KB-5 composite at a magnification of (d) 4000×
and (d′) 500×.
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Fig. 3. EDS of (a) LiCoO2–KB-1, (b) LiCoO2–KB-5, (c) PEDOT/LiCoO2–KB-1 and (d) PEDOT/LiCoO2–KB-5 composite cathode materials. The composite
cathodes of PEDOT/LiCoO2–KB were prepared from electrochemical deposition of PEDOT on the corresponding LiCoO2–KB composites under constant current
density of 0.5 mA cm−2 in 0.05 M EDOT and 1 M LiPF6–PC solution.

Fig. 4. Cyclic voltammograms of (a) LiCoO2–KB-1, (b) PEDOT/LiCoO2–KB-
1, (c) LiCoO2–KB-5 and (d) PEDOT/LiCoO2–KB-5 composite cathodes in
LP30 electrolyte at a scan rate of 10 mV s−1.

Fig. 5. Capacity ratio of CV as a function of the cycle number in LP30 elec-
trolyte at various cathodes as (a) LiCoO2–KB-1, (b) PEDOT/LiCoO2–KB-1,
(c) LiCoO2–KB-5 and (d) PEDOT/LiCoO2–KB-5 composites. The scan rate is
50 mV s−1 and the curves were scanned from 2900 to 4200 mV vs. Li/Li+.
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Fig. 6. Normalized capacity of CV (in respect to that at scan rate of 1 mV s−1)
as a function of scan rate in LP30 electrolyte with (a) LiCoO2–KB-1, (b)
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Fig. 7. Rate capability with LiCoO2–KB-1 cathode at a discharge current of
(a) 0.1 mA cm−2 and (b) 1.0 mA cm−2, and with PEDOT/LiCoO2–KB-1 wt%
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Here, direct current resistance (DCR) was calculated from the
voltage difference divided by the current difference involved
in the discharge curves (such as curves in Fig. 7) under 0.1
and 1.0 mA cm−2 currents. With the inclusion of 1 wt% KB, a
EDOT/LiCoO2–KB-1, (c) LiCoO2–KB-5 and (d) PEDOT/LiCoO2–KB-5
athode. The potential range is from 2900 to 4200 mV.

are 98.3 and 99.6%, respectively; therefore, deposition of
EDOT on the LiCoO2–KB cathode does not enhance the
lectrochemical stability. This is also true for the 5 wt% KB
omposites.

Intercalation/de-intercalation rate of the Li ion was fur-
her evaluated by CV scans at different rates. The resulting
apacity of each scan rate was normalized with respect to
he capacity at 1 mV s−1 and results were shown in Fig. 6.
iCoO2–KB-5 cathode shows a higher normalized capac-

ty than LiCoO2–KB-1 cathode at various scan rates, indi-
ating that higher KB content is helpful in increasing the
ntercalation/de-intercalation rate of the Li ion. With the par-
icipation of PEDOT component, PEDOT/LiCoO2–KB cath-
des (cf. curves (b and d)) have higher normalized capaci-
ies than LiCoO2–KB (cf. curves (a and c)). Cross examina-
ion shows that PEDOT/LiCoO2–KB-1 (curve (b)) has better
ntercalation/de-intercalation rate than LiCoO2–KB-5 (curve
c)). This result suggests that the deposited PEDOT layer
elps to reduce the resistance of LiCoO2 and small amounts
f PEDOT actually exerts more effect than larger quantities
f KBs.

The performances of all composite cathodes can be further
evealed by the rate capability test. Here, the corresponding
lectrodes are fully charged to 4200 mV at a constant cur-
ent of 1.0 mA cm−2 and then discharged under two different
urrents of 0.1 and 1.0 mA cm−2 to test its response toward
apacity. Fig. 7 shows the results from the LiCoO2–KB-1 and
EDOT/LiCoO2–KB-1 cathodes. At either discharge rate, the
EDOT/LiCoO2–KB cathodes have a higher voltage profile

han LiCoO2–KB. The V1/2 (voltage at 50% of discharge) val-
es for LiCoO2–KB-1 and PEDOT/LiCoO2–KB-1 (curves (a
nd c)) are 3720 and 3864 mV, respectively. It suggests that

he polarization of PEDOT/LiCoO2–KB-1 is less than simple
iCoO2–KB-1 electrode. The curves at 1.0 mA discharge cur-

ent also exhibit the same trend, i.e. the discharge voltage in
urve (d) is higher than that in curve (b). Apparently, cathode

F
0
a
t

athode at a current of (c) 0.1 mA cm and (d) 1.0 mA cm . The system was
harged to 4200 mV at 0.1 mA cm−2 before discharged to 2500 mV in LP30
lectrolyte.

ith PEDOT coating has lower resistance than cathode without
his conductive layer.

Fig. 8 shows the results from the LiCoO2–KB-5 and
EDOT/LiCoO2–KB-5 composite cathodes. Comparatively,
EDOT/LiCoO2–KB-5 has a higher voltage profile than
iCoO2–KB-5 and the involved V1/2 values for curves (a and
) are 3750 and 3854 mV, respectively. The normalized capacity
nd voltage profile involved in curves (b and d) also lead to the
ame conclusion as in Fig. 7, i.e. cathode with PEDOT deposi-
ion is beneficial in enhancing the discharge voltages and rate
apability of the corresponding cathode.

To access the effect of KB component, results from simple
iCoO2 (without KB) electrode was added in Fig. 9 to compare
ith the performance from LiCoO2–KB-1 and LiCoO2–KB-5.
ig. 8. Rate capability with LiCoO2–KB-5 cathode at a discharge current of (a)
.1 mA cm−2 and (b) 1.0 mA cm−2, and with PEDOT/LiCoO2–KB-5 cathode
t a current of (c) 0.1 mA cm−2 and (d) 1.0 mA cm−2. The system was charged
o 4200 mV at 0.1 mA cm−2 before discharged to 2500 mV in LP30 electrolyte.
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Fig. 9. Direct current resistance of LiCoO –KB composite cathode electrodes:
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a) 0% KB, (b) 1% KB and (c) 5% KB. The value of DCR was calculated
rom the voltage difference divided by the current difference between 0.1 and
.0 mA cm−2 discharge curves.

otable decrease on DCR was observed if results from LiCoO2
curve (a)) and LiCoO2–KB-1 (curve (b)) were compared.
urther DCR reduction for LiCoO2–KB-5 electrode was also
bserved (curve (c)), however, the magnitude of reduction is
elow what we anticipated from its KB loading. Suggestively,
ptimal KB loading is supposed to lie in between 1 and 5 wt%,
similar observation had been reported previously [9] for

iCoO2–KB systems and homogeneity of the dispersed KB
omponent is supposed to be key factor in controlling the final
erformance.

Qualitative discussion on the potential roles of PEDOT and
B should be addressed here. As cited above [14–17], elec-

ron mobility of the metal oxide composite can be enhanced by
he addition of electrically conductive polymers, i.e. PEDOT.
he higher conductivity of PEDOT (330–550 S cm−1) as com-
ared to KB (33 S cm−1) makes it as an important component in
romoting the electron conductivity of the involved cathodes
cf. results from Figs. 4 and 6). Applicability of the corre-
ponding cathodes in Li-ion battery is also facilitated by the
ncorporation of PEDOT component. For KB component, its
niformity turns out to be crucial on the transfer of the Li
ons in composites with and without PEDOT component. As
he morphology from SEM suggests, certain KB particles sep-
rate from LiCoO2 particles and form large aggregates in dis-
inct areas from LiCoO2 particles. As suggested by the SEM

icrographs (cf. Fig. 2), the density-induced heterogeneity
ecomes pronounced when KB content reaches 5 wt%. These
eparated KB aggregates are supposed to be less effective in
ransporting the Li ions than the KB residues on the surfaces
f LiCoO2 particles since they are more remote from LiCoO2
nd their effective surface/volume ratios are largely reduced
hen aggregated. With low KB content (e.g. 1 wt%), less sep-

rate KB domains are present in the system and most of them

re in direct contact with LiCoO2 and function appropriately
n transporting the Li ion. Continuous PEDOT coating on the
riginally non-uniform LiCoO2–KB-5 cathode will result in a
imilar non-uniformity. Therefore, in-proportional performance

[
[
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nhancement is also observed between PEDOT/LiCoO2–KB-1
nd PEDOT/LiCoO2–KB-5 cathodes, too.

. Conclusions

PEDOT/LiCoO2–KB composites can be readily prepared
rom the electrochemical polymerization of EDOT on the pre-
ormed LiCoO2–KB electrodes. Results from the voltage pro-
les of the electrochemical polymerization, SEM and EDS sug-
est the successful deposition of PEDOT on the LiCoO2–KB
omposites. With high KB content (e.g. 5 wt%), the nano-scale
B particles tend to separate from LiCoO2 particles to form large

ggregated domains, which are less effective in transporting the
i ions than the KB particles directly attached to the LiCoO2
articles. The performance enhancement on LiCoO2–KB-5 and
EDOT/LiCoO2–KB-5 cathodes is therefore not so much as
xpected due to the non-uniform dispersion of the KB parti-
les. Electrochemical characterizations on the LiCoO2–KB and
EDOT/LiCoO2–KB cathodes suggest that incorporation of the
onductive PEDOT into cathode enhances the intercalation/de-
ntercalation of Li ion and also the rate capability.
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