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[ Abstract] Intermetallic compound CoSb; powders were prepared by vacuum melting and balt milling. It is found that

the reversible capacity of the CoShs electrode is about 470 mA*h/ g at the first cycle with the potential plateaus from 0. 8 V

to 1.0V against the pure lithium electrode. 10% mesocarbon microbead (M CMB) (mass fraction) additives can improve

both capacity and cycling life of CoSbs, while the effect of carbon nanotube (CNT) additives is not visible.
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1 INTRODUCTION

Lithium ion cells currently represent the state-of-
the-art in small rechargeable batteries due to their
high voltage, high energy density, and long life,
compared with conventional rechargeable batteries.
The technology is based on the use of suitably chosen
lithium intercalation compounds for the electrodes
such as the various carbonaceous materials for the an-

[1-2] found that large energy

ode. But the researches
loss and low performances at the large current density
were the shortcomings of the carbonaceous materials.
And the first irreversible capacity caused by the pro-
duction of solid electrolyte interface (SEI) in the or
ganic electrolyte was also large. Because the potential
of Li" insertion is very closed to that of metal lithi-
um, it easily causes the sediment of the metal lithium
on the surface of the electrodes when the cell is
charged too deeply. Most researchers focused on find-
ing a new type anode material whose potential must
be higher than that of the carbonaceous material to
improve its safety. In recent years, there has been
great interest in the study of alloys and compounds
with the aim of finding new materials for the anode of
lithium ion cell, such as SnO.!¥, SnSH'*, T
CueSns' ™', SnFesCl ¥ Fe051°1,  MgoNil'Y,
MgyGel ', ZnyShs' "> ! and nano-particle CoO'' .

In our previous study!"™ on the electrochemical
reaction of some metal antimonides with lithium-ions,
it was found that antimony was the active element
which alloys or decays with lithium reversibly during
the electrochemical cycling. It was also found that
some metal antimonides seemed to be very attractive
as the candidate anode materials for lithium-ion bat-

teries. In the present work the electrochemical char
acteristics of an intermetallic compound, CoSbs, are
investigated, and the effects of carbonaceous addi-
tives, mesocarbon microbead (MCMB) and carbon
nanotube (CNT), on the electrochemical behaviours
of the compound is experimentally analyzed.

2 EXPERIMENTAL

The stoichiometric amounts of the element pow-
ders of commercial pure cobalt and antimony were
molten in a sealed d 15 mm % 100 mm quartz tube un-
der vacuum of about 10” * Pa at 1100 C for 6h. Af-
ter solidification, the ingot was annealed at 600 C for
240h. The obtained intermetallic compound was
milled to powders with a balFmiller for 120h under
the protection of ligroin with the mass ratio of the
steel balls to pow ders being 20: 1 and the rotation rate
of 150r/ min. About 10% M CMB (mass fraction) or
CNT additives were mixed into the powders using the
same milling condition.

The structures of the compound were character-
ized by X-ray diffraction ( XRD) analysis using a
CuK g radiation. The morphologies of the CoShs-
MCMB and -CNT hybrids were analyzed with a
Philip CM2000 ultra-high resolution transmission
electron microscope (UHRTEM) .

All testing electrodes were prepared by coating
slurry of 80% active powders, 10% carbon black and
10% polytetrafluoroethylene ( PTFE) binder ( mass
fraction) on a porous nickel substrate with the size of
d 11mm X 1. 5mm. The electrodes were pressed be
tween two steel plates at 18 MPa for 1 min and then

dried at 100 C for 24h in the vacuum drier. Pure
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lithium (99.9%) was used as the against electrode.
The organic electrolyte was prepared by dissolving
1 mol/ L vacuum-dried LiPF¢ in the mixture of ethy-
lene carbonate ( EC) and dimethyl carbonate (DM C)
with volume ratio being 1: 1. All cells were assembled
in an argon glove box. The cells were charged and
discharged between 0.05 and 1.5V under the con-
stant current density of 20mA/g. All capacities were
calculated over the total mass of the dried electrode
slurry containing the alloy powders, carbon black ad-

ditives and the PTFE binder.
3 RESULTS AND DISCUSSION

Fig. 1 illustrates the XRD patterns of the CoShs
sample before balFmilling. The patterns show that a
single phased skutterudite CoAs3(T}) structure has
been obtained after 600 C/240h annealing of the
vacuum molten sample. The calculation from Fig. 1
leads to a crystal lattice parameter of the cubic unit
cell of a= 9.0274 A which is a little larger than the
value reported by Alcdntara et all ' (a= 9.0114 A,
but the difference is in the range of experimental er
rors.
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Fig.1 XRD patterns of annealed CoShs

intermetallic compound

Fig. 2 shows the charge and discharge curves of
the CoSbhs electrode. It can be seen that, after the
first charge ( Li"-insertion), the charge and dis-
charge ( Li’ -extraction) plateaus of the CoSh; elec
trode are very stable at about 0.8 and 1.0V respec
tively with a small potential hysteresis of about
0.2V. The charge and discharge potentials of the
CoSbj electrode are very close to those of other anti-

monides found in our previous workl >, This means
that antimony is the active element reacting with
lithium. The first charge and discharge capacities of
the CoSbs reach 627mA<*h/g and 470 mA<h/g re
spectively. The reversible capacity in the first cycle

(470mA-=h/g) is about 30% higher than that of the

carbon materials. Although the reversible capacity de-

creases to about 394mA<h/g in the fifth cycle, it is
well comparable to the carbon based materials. Con-
sidering the high densities of the CoSbs compound
(about 7.65g/cm”), the volume capacity of the
cobalt antimonides would be as high as three times
that of carbon based materials.
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Fig. 2 Cycling profiles of CoSbs using pure
lithium as against electrode

The capacity decreases of CoSb; may be due to
the fragmentation of the intermetallic powders, since
as many as a dozen of lithium-ions could insert into
one CoSbhs; molecular, which leads to a violent volume
change of the powders during cycling. As some bro-
ken materials could be out of electric contact with the
electrode, they become inactive in the succeeding cy-
cles and make the capacities of the electrode decrease
during cycling. Considering the fact that many car
bonaceous materials have excellent flexibility, de
formability and electric conductivity, MCMB and
CNT are blended into the powders.

The carbon nanotubes (CNTs) were prepared by
CVD catalytic method from ethyne using cobalt as the
catalyst. The TEM morphology of the CoSbhs-CNT
hybrid (Fig. 3(a)) shows that the CNTs are central
hollow cylinders with an average diameter of about
13nm. The electrochemical properties of similar
CNTs have been studied by Wu et al''”! as anode ma-
terials for lithium-ion batteries. They found that the
reversible capacity of CNTs with diameters of about
12nm is about 200~ 250mA-<h/g. Commercial
MCMBs with the average diameter of about 10Hm,
special surface of about 1m?/g and density of about
2. 18 g/ cm’ have been used in the present work. As
been reported, the reversible capacity of MCMB are
about 340mA<h/g'". Fig. 3(b) shows the morphol-
ogy of the CoSbM CM B hybrid. Because of the rela
tive large sizes of the MCMBs, one can only see some
graphite fragments in the picture.

Fig. 4 shows the cycling profiles of the CoSbs-
CNT and CoSbhsM CM B electrodes against pure lithi
um. No obvious difference in the potential plateaus
between the hybrids and pure CoSbs can be seen from
Fig. 4 in comparison with Fig. 2. The reversible ca
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Fig. 3 TEM micrographs of hybrids
(a) —CoSbsxCNT; (b) —CoShsMCMB

pacities of both samples are about 410mA<h/g for
CoSbs-CNT and 586 mA<*h/g for CoShMCMB in
the first cycle, and decrease to about 342mA-<h/g
and 550mA-<h/g for CoSbs-CNT and CoSbhs-MCMB
samples respectively. This seems that the CNT addi-
tives decrease while the MCM B additives increase the
capacities of a CoSbs electrode. The unexpected dif-
ference between both carbonaceous additives are not
considered to be due to the capacity difference of
about 100mA<h/g between CNT and MCMB, since
most carbonaceous materials have a potential against
lithium at about 0. 1V and no corresponding plateaus
near 0. 1V can be found in both cycling profiles in
Fig.4(a) and Fig. 4(b). This suggests that neither
CNT nor MCMB has taken part in the electrochemi
cal reaction with lithium during cycling in our experi-
ments. It can be easily understood that the lithium
electrode has been used in the same time as the refer-
ring electrode to control the charge/ discharge cycling
in the present work. Due to the surface polarization
of the lithium electrode during charge (Li" inser
tion) , the cell voltage will be higher than the poten-
tial of the CoSbs, CoSbs-CNT or CoShs-M CMB elec
trode other

against pure  lithium. In

words, the cut-off potential during charge could be
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Fig.4 Cycling profiles of hybrids

using pure lithium as against electrode
(a) —CoSbsCNT; (b) —CoSbsMCMB

significantly higher than 0.05V and therefore lithi
um-ions would not insert into CNTs or MCMBs in
the present experimental conditions.

In spite of this, the carbonaceous additives have
effects on the electrochemical properties of CoShs
electrodes. From Fig.3, it can be seen that the
CoSbs powders assemble together to form large gran-
ules ( eg. the large cluster marked “ A 7 in
Fig. 3(b)). The UHRTEM picture (Fig.5) shows
that the grains in the granules could be very small,
with the sizes from a few nanometers to about 20 nm.
The fracture of the powder granules during the
charge/ discharge cycling makes some grains or frag-
ments be out of electric contact with the electrode and
leads to a capacity decrease directly. Thus some soft
and well electric conductive additives are needed. T he
MCMBs will be easily broken, because of their rela
tive large size, into graphite flakes after balFmilling
(denoted as “B” in Fig.3(b)), so that the MCMBs
(or graphite flakes) can act as some adhesive agents
and connect the CoSbs grains or fragments with each
other and also to the electrode effectively. Converse-
ly, CNTs are very strong and in a thirrlong fibre
form. They are almost not deformable during milling
and contact with the CoSbs powders only in a few
“points” due to their high rigidity ( as shown in
Fig. 3(a)), and therefore CNTs can not improve the
electrochemical properties of the pow ders.
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Fig.5 UHRTEM of CoSbs powders show ing

small grains in large granule
4 CONCLUSIONS

1) The reversible capacity of skutterudite struc
tured intermetallic compound CoSbs can reach
470 mA*h/ g in the first cycle. With a relative high
potential of about 1.0V against metal lithium, the
cell safety could be improved if CoSh; were used as
the anode material instead of carbonaceous anode ma-
terials.

2) The capacities of CoSbs decrease during cy-
cling because the fracture of the CoSbs; powders or
granules make some CoSbhs fragments be electrochemi
cally inactive.

3) The reversible capacity and cycling property
can be significantly improved by MCM B additives due
to the adhesive and connective effect of the graphite
flakes from MCMBs. The CNT additives have little
effect on the improvement of the electrochemical
properties of the CoSbs powders under the present
conditions.
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