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Abstract: Nanosized SnO, powders were prepared by sot gel process using inorganic salt as a precursor. The tin oxide

pow ders obtained at different calcinating temperatures (300 = 700 C) were investigated by means of X-ray diffraction

(XRD), infrared spectrum (IR), thermogravimetric analysis (T GA), differential thermal analysis (DT A) and transmis-

sion electron microscopy (TEM) as well. The results indicate that well crystallized nanosized SnO> powders with a struc

ture of rutile and uniform size about 10 nm can be obtained when the calcinating is carried out at 550 C for 3 h using the

method. The electrochemical properties of nanosized SnO, powders as anode material for lithium ion batteries were also

studied in detail. The results show that nanosized Sn0O, is a candidate of anode material for lithium ion batteries with re

versible capacity more than 372 mA*h/ g after ten cycles and low voltage for Li* intercalation and de- intercalation.
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1 INTRODUCTION

Tin oxide is a wide energy gap semiconductor
and has found many technological applications such as
catalysts for oxidation of organics, solid-state gas sen-

[1-2] " Recently, sev-

sors and optical electronic devices
eral tinroxide-based compounds were reported to be
good candidates as anodes for lithium ion batteries in-
stead of carbonaceous electrodes'®®, the electro-
chemical reaction occurring in these compounds is not
the intercalation of lithium into a host structure. For
bulk samples of amorphous and crystalline tin oxide,
a decomposition reaction initially leads to the forma-
tion of metallic tin in LixO matrix, followed by the
formation of LrSn alloy, thus leading to a high re-
versible capacity of 800 mA<h/g at a low potential vs
lithium. Furthermore, these tin oxides are stable in
air and standard electrolytes. Many researchers' ‘™
pointed out that only nanocrystallites of tin oxide ma-
terials are efficient for such negative electrodes and an
increase in particle size drastically decreases their re-
versible capacity.

The capacity of electrode material is critically af-
fected by the morphology of the material which con-
tributes to different ways of the diffusion processes of

Li* . Nanostructure electrode material is not only a
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good model system for the research of intercalation re-
action of Li" , but also a promising material in some
special lithium ion battery systems such as micro-bat-
teries'’ ). In this paper, nanosized tin oxide were
prepared by solgel process using inorganic salt as a
precursor. The microstructure and electrochemical
properties of nanosized SnO, as anode material for

lithium ion batteries were investigated in detail.

2 EXPERIMENTAL

2.1 Preparation process

Aqueous solution of SnCly was made by dissolv-
ing analytically pure SnCly * 5H,0 in distilled water
while hydrochloric acid was added into the solution to
avoid formation of SnO( OH),. The solution was then
continuously stirred with addition of aqueous ammo-
nia and additives until formation of desired sol. The
sol was kept at a suitable temperature for a while,
then gel was obtained. The gel was repeatedly
washed with distilled water to remove Cl” , then dis-
persed by ultrasonic vibration and dried in vacuum at
80 C for 2 d. The granules were ground to obtain
white powders of dry gel, the samples were obtained
after calcinating the dry gel powders at 300 =700 C
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for 3 h.

2.2 Characterization of material

Thermal behavior of the dry gel was investigated
by TGA and DTA on a TGA-SDTA851° thermal
analysis system ( Mettler Toledo Corp.) from 25 C
to 800 C in Ar atmosphere at a heating rate of 10
‘C/ min; infrared spectra measurement was conducted
in a Fourier-transform infrared spectrometer ( Nicolet
Corp. ); phase identification were carried out by XRD
(Rigaku D/MAX-gA). In order to determine the size
of SnO; crystallites, instrumental broadening was es
timated with a standard silicon sample and taken into
account in the grain size estimation using Scherrer s
formula. The microstructure of the powders were

characterized by TEM (JEOL 2000X) .

2.3 Electrochemical tests

A slurry containing ( mass fraction) 80% syn-
thesized material, 10% acetylene black and 10%
PVDF ( polyvinylidene fluoride) was made using
NMP ( N-methylprrolidinone) as the solvent. Elec
trodes with an area of 1 cm® for the measurements of
electrochemical characterization were prepared by
coating the slurries (‘about 100 Hm in thickness) on
copper foils, followed by drying in vacuum at 120 C
for 12 h. The mass of active material on the elec
trodes was 2.0~ 6.0 mg/ cm®. All electrode composi-
tions referred to mass fraction and the capacity of the
electrodes were calculated on the basis of the mass of
active materials ( excluding binder and conducting a
gent) .

Electrochemical tests were conducted using a
conventional coirrtype cell, lithium foil as a counter
electrode and 1. 0 mol/ L LiPF¢ in ethylene carbonate
/dimethyl carbonate ( EC/DMC) ( ¢ ( EC)/
HDMC)= 1) as the electrolyte. The assembly was
carried out in an Arfilled glove box. The discharge
charge tests were done under a constant current den-
sity of 0.20 mA/cm?® in a voltage window of 0~ 2.0
Vor 07 1.0 V. Discharging and charging of the cell
refer to insertion and extraction of lithium into/ from
SnO; electrode respectively. The rest time between
the discharge and charge is 30 min, the voltage used
here is vs Li/Li" .

were carried out with an electrochemical analysis sys-

All the electrochemical analyses

tem.
3 RESULTS AND DISCUSSION

3.1 Thermal analysis

Fig. 1 shows TG curve and DTA curve of the dry
gel. The mass loss of dry gel consists of three parts:
the first mass loss takes place at 25~ 120 C on TG
curve, accordingly, there is a strong endothermic
peak on DTA curve at 95 C, which is due to the e

vaporation of physical absorbed water on the surface
of the dry gel'”; the second mass loss is found at
120 = 350 C on TG curve and there is a wide
exothermic peak at 120 = 350 C on DTA curve,
which is assigned to the decomposition of small
amount of ammonium chloride and organic com-
pound''"'; the third mass loss is not very clear on TG
curve at 350 =510 C, but a big exothermic peak can
be seen on DTA curve, which is caused by the order
ing of the irregularly distributed atoms and the in-
tegrity of crystals. Over 510 C, no mass loss takes
place on TG curve, which indicates the crystallization
tends to complete at about 510 C.
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Fig.1 TGA —DTA curves of dry gel

3.2 IR spectrum of dry gel

IR spectrum of the dry gel is shown in Fig. 2.
The striking bands at 571 em™ ' and 1 086 em™ ' cor
respond to the Sn-O stretching and vibration from S
OH'"!. The bands corresponding to deformation of
both — OH of physically adsorbed water and — NH of
ammonia appear in the range of 1 400 cm™ ' to 1 600
em” "™ The band at 3 422 em™ ' is assigned to the
stretching vibration of — OH which is absorbed on the
surface of Sn0, by a great deal of dangling bonds' '
3.3 X ray diffraction

Fig. 3 shows the XRD patterns of dry gel and
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Fig. 2 IR spectrum of dry gel
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the samples treated at different temperatures. T here
are only wide and weak diffraction peaks on

the XRD patterns of dry gel and sample calcinated at
300 C, which indicates that they are amorphous.
Welkcrystallized nanosized SnO, powders were ob-
tained above 550 C for consecutive dehydration of —

OH group, which agrees well with the results derived
from the thermal analysis. The strong diffraction
peaks of the samples marked with (110), (101) and
(211) are identical with the pattern of tetragonal
SnO; with rutile structure ( JCPDS file number 21-
1250) .

these diffraction peaks are sharpened and enhanced,

With increasing calcinating temperature,

which shows the particles have grown up with more
perfect crystalline. The physical characteristics of
crystallites change with the average size of crystallite
decreasing, resulting in the peaks widening in the
XRD patterns.
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Fig. 3 XRD patterns of dry gel and powders
calcinated at different temperatures for 3 h

The average size of particles calcinated at 300 'C
to 700 Cis 9~ 12 nm, based on lattice parameters of
the (110) plane by Scherrer formula:

D= k¥ Beos®
w here
constant (k= 0.9, assuming that the particles are
spherical), Ais the wavelength of the X-ray radiation
(CuKqradiation , A= 0. 154 nm), Bis the half-maxi-
mum line breadth and 0 is the diffraction angle.

The plot of size of SnO, powders vs calcinating

D is the crystallite size, k is the Scherrer

temperature is shown in Fig. 4. With increasing calcr
nating temperature, the average size of nanosized
SnO; pow ders increases. The kinetics of grain growth
is controlled by grain boundary diffusion in lower
temperature regions, and by the evaporation conden-
sation mechanism in higher temperature regions' .
When the calcinating temperature is below 400 C, the
average size of the powders increases slowly with increas
ing temperature. However, the grain size increase rapidly
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Fig. 4 Plot of size of SnO; powders vs

calcinating temperature

when the calcinating temperature is 550 C and

above 550 C.

3.4 TEM micrograph

TEM micrograph of the SnO; powders calcinated at
550 Cfor 3 h in air is presented in Fig. 5. The average
size of the sample is about 10 nm, which agrees well with
the value calculated by Scherrer formula. The fine parti-
cles are spherical and each particle is an aggregation of a
few small crystallites.
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Fig. 5 TEM micrograph of nanosized SnO,
pow ders calcinated at 550 C

3.5 Electrochemical characteristics

The first discharge charge curve of nanosized SnO,
electrode material is shown in Fig. 6. The two pseudo
plateau in the discharge curve can be interpreted in initial
formation of Sn, followed by formation of an Li, Sn alloy.
The first discharge capacity from rest potential to naught
at a constant current density of 0.2 mA/cm® reaches
about 1 660 mA*h/g. The charge capacity from 0 to
2.0V at a constant current density of 0.2 mA/ em’
also shows a high value over 687 mA<*h/g. Thus, the
irreversible capacity for the first cycle is about
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973 mA<h/g, corresponding to an irreversible loss of
about 59% , which is slightly larger than the predict-
ed theoretical value of 48% . The values of Li/Sn for
discharge and charge are about 7. 35 and 3. 04, re-
spectively. The result suggests that the nanosized
SnO; can be used as an anode for lithium secondary
batteries with high capacity, however the first cycle
of nanosized SnO; electrode exhibits enormous irre-
versible capacity, which is mainly attributed to the
electrolyte decomposition and the film formation on
the large surface of nanosized SnO;, powders and the

reduction of tin oxide! ¥
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Fig. 6 First discharge and charge curve
of nanosized SnO, anode

Differential capacity (d(Q/ mdV)-voltage plots
for the first, the second and the tenth cycle are
shown in Fig. 7. The solid line represents the first
discharge and charge curve and the rest lines are the
subsequent charge and discharge curves. The first
discharge profiles are substantially similar to those ob-
served for bulk Sn0O, and SnO, film!'"*'. There is a
sharp peak in the range of 0.9~ 1.0V, which corre-
sponds to the reaction between tin oxide and lithium
leading to the dissociation of oxide. The differential
peaks appearing between 0.2V and 0. 5 V during
discharge and charge are very reproducible, which are
associated with the alloying reactions between Sn and
Li. These peaks may represent different states of
lithium stored in the form of Li, Sn alloys'”. The re-
action of lithium and Sn to form Li,Sn alloys can re-
sult in a volume increase of 300% , which can induce
serious cracking or crumbling of Li,Sn alloy'®.
Cracking of the LrSn alloys will cause isolation of
Sn. increase impedance and eventually decrease ca-
pacity of the electrode. This is why the capacity of
the electrode of nanosized SnO; in the tenth cycle be-
comes much lower than that in the first cycle.

Cyclability of nanosized SnO; electrode at differ-
ent voltage windows is presented in Fig. 8 and Fig. 9.
Obviously, the range of the voltage for cycling tes
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Fig. 7 Differential capacity-voltage plots of
nanosized SnO; electrode during cycling
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Fig. 8 Relationship between specific capacity and
cycle number for different voltage windows
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Fig. 9 Relative capacity of different cycle
in different voltage windows

ts has great influence on the cycling performance.
The capacity retention ( the relative capacity of differ-
ent cycles to the first cycle) of SnO; electrode was
greatly improved when the upper cutoff voltage
change 2.0 V for 1.0 V. This may be due to the in-

crease of volume change in the formation of low con-
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tent of Li in the LrSn alloy, which results in crack-
ing and crumbling of the electrode those crystals.
Ref. [ 4] thought, the discharge charge from 0 to 1. 0
V prevents destroying LiO matrix which holds the
Sn atoms on the electrode. The range of 0 to 1.0V is
found to be better voltage window with a view of
minimizing capacity loss while maintaining high spe-
cific capacity in the first charging process. Because
different voltage windows can influence the size of the
tin regions and apparently cause aggregation of tin as
a function of the number of cycles, thus leading to ca
pacity fade in the cell *. Therefore examining the
cycling behavior of anode requires selecting the most
suitable working voltage limits.

4 CONCLUSIONS

Nanosized tin dioxide with structure of rutile can
be prepared by solgel process using inexpensive inor-
ganic salt SnCly as a precursor and a little additive as
sol forming auxiliary. The sample calcinated at 550
‘C has an average grain size of about 10 nm . Nano-
sized SnO; electrode delivers large capacity of initial
lithium insertion and extraction with 1 660 mA *h/g
and 687 mA*h/ g respectively. However, the capacity
degrade quickly with increasing cycling number, es-
pecially when a voltage window of 0 2.0 V was used
to discharge and charge. This problem may be solved
by producing SnO; powders with appropriate crystal
structure and microstructure and selecting suitable
cutoff voltage for charge and discharge. Consequent-
ly, there may be potential applications for nanosized
tin dioxide as anode material with high specific capac-
ity in lithium ion batteries.
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