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The Electrochemical Properties of Nano-Sized Cobalt Powder as
an Anode Material for Lithium Batteries
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The nano-sized cobalt powders were prepared using a pulsed wire evaporation method. The cobalt powder
had a spherical shape with a diameter of less than 200 nm. A cobalt electrode was prepared from the nano-
sized cobalt powder, acetylene black and polyvinylidene fluoride. During the first discharge, the Li/Co cell
showed a plateau potential of 0.7V and a capacity of 440mAh/g. The nano-sized Co electrode had a stable
reversible lithium storage capacity of approximately 280mAh g-1 after 30 cycles. 
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1. INTRODUCTION

 Lithium ion batteries are popular power sources for cellu-
lar phones, notebook computers, and hybrid electric vehicles
(HEVs). Lithium ion batteries are composed of a graphite
anode and lithium transition metal oxides such as LiCoO2,
LiNiO2, and LiFePO4. A considerable amount of effort has
been made to develop new anode materials to replace the
graphite currently used in these batteries, which has a low
theoretical capacity of 372 mAh g-1.[1-3]

There are many candidates with different forms for this
new anode material, including different elements,[4,5] inter-
metallic compounds,[6,7] active/inactive nano-composites,[8,9]

and thin film materials.[10-13] Among the potential candidates
for use as an anode material are cobalt composites such as
Co-O,[14] Co-Sn,[15] Co-C,[16] and Co-Sb.[17] As nano-sized
powders show good electrochemical performance, numer-
ous studies have been conducted on the subject of electrodes
using nano-sized materials. However, no reports exist
regarding the electrochemical properties of an electrode that
uses nano-sized cobalt powder. Nano-sized powder can be
prepared by a range of methods, including sol-gel,[18] solvo-
thermal,[19] spray conversion[20] and pulsed wire evaporation
(PWE) methods.[21] In particular, the pulsed wire evaporation
method can be used to fabricate nano-sized particles with a
homogeneous quality and a high yield. 

In this work, a cobalt electrode was prepared using nano-
sized cobalt powders and the electrochemical properties of

the cobalt electrode prepared as an anode material for lith-
ium batteries was investigated.

2. EXPERIMENTS

The nano-sized cobalt powders were fabricated by a
pulsed wire evaporation method. The cobalt electrode was
composed of 70 wt.% nano-sized Co powder, 20 wt.% acet-
ylene black carbon (Aldrich) and 10 wt.% copolymer of
polyvinylidenefluoride-co-hexafluoropropylene (PVdF-co-
HFP; Kynar 2801, Atochem). Cobalt, PVdF-co-HFP and
carbon in 1-methyl-2-pyrrolidone (NMP) were mixed
homogeneously using a planetary ball mill for 3h and were
then pasted onto Cu foil. The cobalt electrodes thus manu-
factured were then dried in a vacuum chamber for 48 h. The
electrolyte was 1M LiPF6 dissolved in a 1:1 (w/w) mixture
of ethylene carbonate (EC) and dimethylene carbonate
(DMC). The cell was stacked with a lithium disk, electrolyte
and a cobalt electrode in turn in a glove box filled with
argon. Electrochemical tests were carried out between 0.01
and 3.0 V at room temperature. The surface morphologies
and shape of the particles were observed with a scanning
electron microscope (SEM, JEOL-5600) and a transmission
electron microscope (TEM, JEM-2010), respectively. X-ray
diffraction (XRD) patterns were collected using a Bruker
diffractometer D8 with Cu Kα radiation (λ=1.5406).

3. RESULTS AND DISCUSSION

 SEM images of the raw materials (Co, C and PVdF-co-*Corresponding author: ahj@gnu.ac.kr
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HFP) are shown in Fig. 1. Cobalt powders exhibited spheri-
cal nano-sized particles with a diameter of less than 200nm.
The PVdF-co-HFP powder showed a homogeneous spheri-
cal shape and the carbon powder showed a cluster agglomer-
ated by particles with sub-micrometer diameters. Figure 2
presents the X-ray diffraction patterns of the raw materials.
The nano-sized cobalt powder had a face-centered cubic
(FCC) structure. Cobalt has a hexagonal structure at room
temperature; however, it has an FCC structure at tempera-
tures that exceed 422oC. Thus, nano-sized cobalt powder has
a high temperature phase, which may be related to the PWE
fabrication method. The broad peak of the PVdF-co-HFP
and the carbon can be explained by the amorphous structure.

Figure 3 shows the first discharge curves of a Li/Co cell
between 0.01 and 3.00 V at a constant current density of
100mA g-1. The discharge curve showed a plateau potential
at 0.7V. The first discharge capacity was 440 mAh g-1, which
can be matched to 1.8 Li per Co. Given that this is the first
report of a nano-sized cobalt powder, the data was compared
with that from a thin film cobalt electrode fabricated by PLD
(Pulsed Laser Deposition). [11] The cobalt thin film had both a
cubic and a hexagonal structure. The cobalt film electrode
showed sloping behavior without a plateau region with a
first discharge capacity of nearly 290mAh/g. This is less that
that of the cobalt nanopowder used in this experiment. The
difference may derive from the thin film shape and crystal
structure. 

Figure 4 shows the changes in the SEM images of the
cobalt electrode after a discharge. The original cobalt elec-
trode had a homogenous mixture and rough surface mor-
phology. After a discharge, the surface of the cobalt electrode

Fig. 1. SEM morphologies of raw materials for cobalt electrode: (a)
cobalt powder, (b) PVdF-co-HFP, and (c) carbon. Fig. 3. The first discharge curves of a Li/Co cell.

Fig. 2. XRD patterns of raw materials for cobalt electrode: (a) cobalt
powder, (b) carbon, and (c) PVdF-co-HFP.
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was covered with a film. 
Figure 5 shows TEM micrographs of the cobalt electrode

after the first discharge test. The cobalt powder had a spher-
ical shape with a diameter of approximately 50 nm. These
particles show regular lattice directions. Moreover, all cobalt
particles are fully coated with a smooth and uniform layer.
There have been many reports that found that carbon could
be coated onto an oxide electrode by ball milling.[22] As the
cobalt electrode was prepared through 3hrs of ball milling,
the surface of the cobalt powder may be covered by carbon.

Figure 6 shows the discharge/charge profiles of the 1st,
2nd, 15th and 30th cycle. A large irreversible capacity was
observed in the 2nd cycle, which was similar to that
observed in the cobalt thin film.[11] The discharge capacity
decreased to 240 mAh g-1 after 30 cycles. The cyclic perfor-
mance is shown in Fig. 7. This figure shows that 70% of the
reversible capacity could be maintained during 20 cycles at a
current density of 100 mA g-1. 

The electrochemical properties of nano-sized cobalt have
not been reported. Moreover, cobalt is considered as an inert
material and not as an anode material. However, the nano-
sized cobalt showed good electrochemical properties in this
experiment; this may be related to its nano-sized diameter

and the high temperature phase of its FCC structure. The
reversible capacity may be due to a reaction in which the
lithium intercalated into the cobalt phase to form Li-Co alloy
phases. However, the Li-Co reaction mechanism was not
clearly defined. Hence, further research is needed in this area.

Fig. 4. The SEM morphologies of cobalt electrode: (a) before discharge and (b) after first discharge.

Fig. 5. The TEM micrographs of cobalt electrode after first discharge
test. Fig. 6. The discharge/charge profiles of 1st, 2nd, 15th and 30th

cycles.

Fig. 7. The change of capacity with repeated cycling for Li/Co cell.
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4. CONCLUSIONS

 Nano-crystalline cobalt electrodes were fabricated with a
homogeneous distribution of raw materials by a ball-milling
process. The first discharge curve of the Li/Co cell showed a
plateau potential of 0.7V and a capacity of 440mAh/g. The
nano-sized cobalt electrode had a stable reversible lithium
storage capacity of approximately 280mAh g-1 after 30
cycles. The first discharge capacity of the cobalt electrode
was higher than that of the graphite anodes used in current
lithium ion batteries; however, the cycle property was poor.
In addition, the nano-sized cobalt powder exhibited electro-
chemical characteristics that differed from those of conven-
tional cobalt powders. 
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