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Abstract: CaSnOs with the perovskite structure was prepared by wet-chemical route and the electrochemical prop-

erties as anode material for lithium ion batteries were studied. The results show that the uniform nano-crystallites
(about 200 nm) of CaSnO3 are obtained and a reversible capacity of 460 mA * h* ¢”'(0~1.0V, 0.1C) with good
cycling stability is delivered (the capacity loss per cycle is only 0.09% ) . The observed capacity involved in the first

discharge and the reversible capacity during subsequent charge discharge cycles shows that the electrochemical

process in CaSnOs is similar to other Sn-based oxide materials, namely, an initial structural reduction with Si-metal

formation followed by reversible LrSn alloy formation. Both the attainable capacity and its retention on charge

discharge cycling are better than the previously reported best-performing bulk Sn-oxide or ATCO materials, which

indicates that the perovskite structure and Ca-ion may play a beneficial role.
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1 INTRODUCTION

The reversible alloying and dealloying proper-
ties of Sn with Li have gained wide spread interest
due to its potentiality to use as anode material in

[1=

Ltion batteries' ™ . The search for Sn-based mate-

rials gained momentum after the report of nearly
600 mA * h * g
amorphous Snm-based composite oxides (AT CO)

' reversible capacity observed in
[1]
By in situ X-ray diffraction, Courtney et al'>”
showed that the reversible Lt Sn alloy formation is
responsible for the observed reversible capacity in
such compounds. Accordingly, the Sn-oxide is
irreversibly reduced to metallic Sn and Li>O during
the first discharge followed by the alloying of Sn
with Li, which can be written as

SnO,+ 2yLi" + 2ye —n+ yLi0

(y=1lor2) (1)

xLi" + Sn+ xe —ALi. Sn

(x 4. 4) (2)

Reaction( 1) leads to nanostructured Sn do-
mains homogeneously dispersed in the inactive
Li2O matrix. Reaction(2) is reversible and respon-
sible for the capacity. However, the Lis4Sn alloy
formation involves 300% volume change for the Sn
matrix causing cracking and crumbling of the

electrode resulting in electrical contact isolation

1 Since

and capacity-fading on repeated cycling'”
the reaction(2) takes place in the Li2O matrix, the
accompanied strain can be considerably minimized.
However, Courtney et al> ¥ reported that repeat-
ed cycling leads to segregation of Sn metal into lar-
ger grains eventually leading to material degrada-
tion and capacity loss. Therefore, the strategies
adopted to alleviate this drawback of Sn-based elec
trodes including ATCO are: 1) obtaining the Sn-
oxide in the desired morphology (thin film, nanop-
articles or in amorphous form) where the effect of
2) allo-

wing the alloy formation in a matrix of oxides of

. o . . [5'7]
volume expansion may be minimized'” ";

different crystal systems or intermetallics ( active
or inactive towards Li) or derivatives of carbon
which can considerably prevent the Sn segregation
and thereby accommodate the strain on volume ex-

274, 8710
[ I 3)

pansion on alloying with Li suitably se-

lecting the voltage window of the cell operation to

L . [2,3,6 8
minimize secondary reactions .

Preparation
of thin film electrodes involves complicated experi-
mental procedures and mass manufacture with re
producible and beneficial microstructure and elec
trochemical properties are difficult to achieve.

ATCO

Therefore, and Sn-oxides of different
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crystal systems, which can be obtained in bulk
form by simple methods, are of interest'> > ¥,
Recently, stannates MSnOs (M= Ca, Sr, Ba)
as a component of dielectric materials have received
much attention due to their applications as ther-
mally stable capacitors in electronic industries' ' .
So far as we know, several authors have studied
stannates on their dielectric properties, surface
U281 hut there

is few reports on the electrochemical properties of

conformations and microstructures
stannates. Here the electrochemical behavior of
CaSnOs with the perovskite structure prepared by
wet chemicalroute was reported.

2 EXPERIMENTAL

CaSn0Os; samples were synthesized by wet-
chemical route according to Ref. [ 14].

The crystalline phase of sample was identified
by X-ray diffraction( XRD) ( Siemens D500; Cu Kq
radiation) and surface morphology was character-
ized by scanning electron microscopy( SEM) ( JE-
OL JSM-6700F, Field Emission Electron Micro-
scope) .

Electrodes for electrochemical characterization
were prepared by doctor blade technique with ac
tive material ( CaSnOs), acetylene black and poly-
vinylidenefluoride( PVDF) in mass ratio of 70:
20 10. N-methyl pyrrolidinone( NMP) was used
as the solvent and copper foil as current collector.
Coin cells (size 2025) with Li foil as counter elec
trode were fabricated in argon filled glove box.
Celgard 2502 membrane was used as separator and
1 mol/ L. LiPFs in ethylene carbonate( EC) + diethyl
carbonate(DEC) (1: 1 in volume) as the electro-
lyte. All the electrochemical analyses were carried
out with an electrochemical analysis system.

3 RESULTS AND DISCUSSION

Fig. 1 shows the XRD pattern of sample by
wet-chemical route.

The XRD pattern shows that formation of
phase-pure CaSnO; with perovskite structure and
matches well with the JCPDS file ( Card No. 31 ~
312).

The morphology of the sample from the SEM
image is shown in Fig. 2. It is clear that the wet-
chemical route derived CaSnOs is composed of uni-
form crystallites with a narrow particle size distri-
bution of about 200 nm.

Fig. 3 shows the first discharge and charge
curves of CaSnO; anode at a current rate of 0.1 C.
The discharge profile shows a small plateau at 1. 0
V followed by an extended flat potential profile
around 0. 4 V. Similar to other Sn-based oxides

[2. 3,6, 8710, 15]

studied earlier , the process occurring
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Fig. 1 XRD pattern of CaSnOs derived by

wet-chemical route

Fig.2 SEM image of CaSnOs derived by

wet-chemical route
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Fig. 3 First discharge and charge curves of
CaSnOs anode

during first discharge is the destruction of the
lattice and the formation of Sn-metal as
CaSnOs+ 4Li" + 4e —CaO+ 2Li0+ Sn (3)
This is followed by the reversible LrSn alloy
formation as in reaction(2). The first discharge ca-

pacity (1219 mA * h * g ') for CaSnOs electrode
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corresponds to a consumption of 9.4Li, higher
than the theoretical value of 8.4Li (reactions( 3)
and (2)). This may be due to the increased in-
volvement of interface formation due to higher car-
bon content in the electrode.

The voltage profile for the first discharge for
CaSnOs anode does not show extended plateau,
characteristic to reaction( 1) or (3), observed at
about 0.9 V for Sn02'* *"!or in the voltage range
1.2 1.7V observed for other Smroxides'> > *'°1
The profile rather resembles that observed in crys-
talline Sn-compounds with the inverse spinel struc
ture, Mg2Sn04""" and Zn,Sn0,'"" .
prominent plateau in the voltage range as observed

The absence of

for other Smroxides for the reduction of the crystal
matrix may be due to the effect of the crystal lat-
tice and the counter ion, Ca in CaSnOs. It shows
that the reduction potential for reaction( 1) or ( 3)
depends on the matrix and crystal structure in

(8710151 and a plateau

which the process takes place
potential as low as 0. 15V (vs Li) was reported in
Mg2Sn0s. MgO was not reduced to Mg metal in
the latter due to large Mg —O bond strength' .
The observed plateau at 1.0V in CaSnOs may be
due to the presence of minor amount of SnO2 impu-
rity not detected by XRD or characteristic of the
passivating layer formation on carbon. The first
charge curve shows the dealloying reaction with
less than 4.4Li(469 mA * h * g ') extraction from
the compound revealing that the reaction(3) is ir-
reversible and the reversible contribution comes
from reaction(2).

The cycleability of CaSnO; anode in various
potential range is shown in Fig. 4.
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Fig. 4 Cycleability of CaSnOs anode in

various potential range

When cycled in the range of 071.0V, CaSnO3
can derive a charge capacity of more than 469
mA *heg'
0.09%. When the upper cutoff potential range

and the capacity loss per cycle is only

from 1.0V to 1.3V and 2. 0V, the charge capaci-
ty increases to 487 mA * h* ¢”' and 520 mA * h *
g~ '. Correspondingly, the capacity loss per cycle
decreases from 0. 09% to 0. 30% and 0. 68% , re
spectively. This suggests that the potential range
of the cycling tests has a great influence on the cy-
cleability of CaSnOs anode, confirming the obser-
vations made by others that the selection of voltage
window of cycling for Smmbased compounds is cru-
(365 Though
the first discharge capacity is higher than the theo-
retical value of 8. 4Li for the CaSnOs3, the reversi-
ble capacity is less than that expected for the de

cial for good cycling performance

alloying reaction (4. 4Li). This may be due to the
fact that the initial capacity is partly utilized for
solid electrolyte interphase( SEI) formation apart
from reactions (3) and (2). Further, thermody-
namic and kinetic reasons can also contribute to the
irreversibility. The stable and reversible capacity
of 460 mA * h * g ' at 0.1 C for CaSnOs is higher
than the theoretical value for graphite (372 mA * h
* ¢~ '). The attained capacity of 460 mA * h* g '
and cycling stability is better than the best
performing bulk Smoxide based materials: AT CO
" and 81% reten-
tion after 40 cycles)’! and cubic-SnP207(initial ca-
pacity, 365mA * h* g ' with 96% retention after
50 cycles) ™.

The cyclic voltammograms( CV) recorded on
the cell with CaSnO; anode for the initial 20 cycles
are shown in Fig. 5. Only initial 5 cycles are shown

(initial capacity 350 mA * h * g~

for clarity. Lrmetal acts as counter and reference
electrode and the scan rate is 0. 1 mV/s. The first
cathodic scan starts from the open circuit voltage
(OCV ~2.8V) and thereafter the voltage window
is kept in the range 0 1.0 V. The CV profiles for
the first few cycles are quite different from those
reported (CV or differential capacity plots) for the

ATCO or crystalline Smoxides'™ > ™.
versible intense peak commonly observed for the

The irre

reduction of Smroxide matrix (reaction( 1) or (3))
is not seen in the present case. The first cathodic
scan shows a very minor peak about 0. 70 V and
then a sharp increase in current values below 0. 2
V. The subsequent anodic scan shows a peak at

0.6V,

de-alloying reaction observed in Sn-oxides. The

the voltage range encountered for Lr

second cathodic scan shows a broad peak starting
below 0.3 V. A clear indication of peak in the ca-
thodic scan is seen only after the third cycle at 0. 16
V. On cycling, the cathodic peak moves slightly to
higher voltage and the anodic one to lower voltage
side and their intensity grows with cycling up to 10
cycles and remains constant up to 20 cycles indica
ting better reversibility of the electrode. The ob-
served cathodic and anodic peaks can be considered
to be associated with the reversible Li.Sn alloy
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Fig. 5 Cyclic voltammograms of
CaSnOs anode

formation according to reaction (2), thereby com-
plimenting the charge-discharge cycling data.

The absence of well-defined peak for the alloy-
ing during the initial few cathodic CV scans may be
due to the formation of nano-particles of Sn in the
poorly and  highly
amorphous matrix. In such a case Li has to diffuse

conducting ( electronic )
through the surrounding matrix (a poor ionic as
well as electronic conductor) to reach the Sn at-
oms, which may have a distribution of diffusion
lengths and corresponding energies. With cycling,
the Sn regions can segregate into bigger grains as
reported by Courtney et al'®*! which can grow up
to a critical size. The alloying and dealloying in
such regions can be considered more homogeneous,
resulting in more intense CV peaks. The growth in
intensity observed after the few initial cycles is in
accordance with this argument. Further, the con-
tinued reduction of the compound during initial cy-
cles, as also inferred from the cycling perform-
ance, also contribute to the redox peak intensities.
Once the critical limit of segregation of Sn or full
reduction of the compound is achieved, the posr
tion and intensity of the peaks are not expected to
vary. Similar CV profile was also observed in
Sn02-Si02 nano-composite by Chen et al'' .

Fig. 6 shows the AC impedance diagrams of
CaSnOs anode before the first and after the 20th
cycle operated in the voltage range of OV to 1.0V.
A typical semicircle and an inclined line are seen in
the figure. The high-frequency arc is attributed to
the charge transfer reaction at the interface of elec
trolyte and electrode. The inclined line corre
sponds to Warburg impedance related to the diffu-
sion of lithium ion in the anode. The semicircle in
the figure remains almost the same after the 20th
cycle. this indicates that the charge-transfer resis
tance changes very little during cycling and thus

20

Fig. 6 AC impedance diagrams of CaSnOs anode
before first and after 20th cycle

the anode has good cycling behavior.
4 CONCLUSIONS

CaSnOs with perovskite structure was pre
pared by wet-chemical route and the electrochemi
cal properties were studied. The wet-chemical
route derives uniform nanosized crystallites of
about 200 nm. The observed capacity involved in
the first-discharge and the reversible capacity val-
ues during subsequent charge and discharge cycles
reveal that the electrochemical process in CaSnOs is
similar to other Smbased mixed oxide materials,
namely, an initial structural reduction of Sn* to
Sn follows by reversible LrSn alloy formation.
Both seem to occur at a potential below 0.3V and
is ascribed to the effect of crystal structure and
counter cation ( Ca). The performance of wet-
chemical route derives CaSnO3 with respect to the
attainable capacity of 460 mA * h * g~ ' and its re
tention on charge-discharge cycling is better than
previously reported best-performing bulk Sn-oxides
or AT CO starting materials which reveals that the
perovskite structure and Caion play a beneficial
role.
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