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Abstract

discharge cycles.

A SnO, electrode material was successfully synthesized using the Pechini method and is of interest for potential
use in lithium batteries. In this work, the effects of the calcination temperature on the fabrication of the SnO, electrode
material were investigated in detail. The architecture, morphology and crystal phase of the SnO, electrode material
were analyzed using SEM and XRD. It was found that a calcination temperature of 400°C produced a crystalline
phase, and at 600°C, an excellent crystalline structure was produced. The grain size of the SnO, electrode material
is approximately 40 nm, as observed by XRD and SEM. The capacity of the SnO, electrode material also increases
with increasing calcination temperature and can reach a discharge capacity of 1800 mAh/g and a charge capacity
of 710 mAh/g at 600°C. Furthermore, the capacity of the SnO, electrode material remains at 40% after 12 charge-
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Introduction

SnO, as a candidate for lithium ion batteries has attracted
considerable attention due to its excellent properties [1-3]. Much effort
has been devoted to doping modification and composite modification in
order to produce an excellent energy storage system [4-10], where doped
metal ions affect the electrochemical properties and surface modification
affects the discharge capacity. For example, Ponrouch et al. [4] reported
a facile synthetic route to obtain SnO,-carbon composites. The SnO,
nanoparticles were deposited on the surface of graphene. Good cyclability
was achieved in Li ion rechargeable batteries, showing a capacity of 545
mAh/g after 50 cycles. Zhou et al. [5] fabricated a SnO,@N-RGO hybrid
material that exhibits high specific area and high rate capability. Zeng
et al. [6] synthesized SnO,/a-Fe,O, composite nanotube arrays using
a stainless-steel substrate. The result shows a large capacitance and
good reusability. Hassan et al. [7] researched a carbon-coated SnO,-
NiO nanocomposite synthesized via the molten salt route. Hou et al.
[8] explored an effective method to prepare a hybrid material consisting
of rutile SnO, nanoparticles and TiO, nanorods, which overcomes the
problem of poor cycling stability and rate capacity for SnO, materials
in lithium batteries. Xing et al. [9] reported WO, nanorods uniformly
coated with SnO, nanoparticles using a facile wet-chemical method.
The reversible capacity of the fabricated core-shell SnO,/WO, nanorods
is higher than that of bare WO, nanorods or SnO, nanostructures.
Our group [10] also researched SnO,/CNT (CNT: carbon nanotube)
composite electrode materials, which were successfully prepared using
the Pechini method. In this paper, SnO, nanoparticles were embedded
in the CNT matrix or dispersed homogeneously on the outer walls of the
CNTs. Certain studies have also focused on changing the synthetic route
of the SnO, electrode material. Liu et al. [11] prepared, for the first time,
large-area flexible metallic substrates using the hydrothermal process.
The substrates were considered as high-performance electrode materials
for lithium batteries.

Conversely, the crystal structure and thermal properties are also

crutial factors for the application performance [12]. The calcination
temperature of the SnO, electrode material is also an important factor.
However, few researchers have performed studied on the effect of
calcining temperature on the SnO, electrode material for application in
lithium batteries.

The aim of this work is to identify the optimal calcination conditions
to improve the discharge capacity of the SnO, electrode material. To
achieve this goal, we investigated the effects of various calcination
temperatures on the architecture, morphological changes and discharge
capacity of SnO,.

Experimental

SnO, powders were synthesized using the Pechini method. First,
citric acid was dissolved in DI (deionized) water. The dissolved citric
acid was added into a-hydroxypropyl cellulose to obtain aqueous
solution A. SnCl, was dissolved in anhydrous ethanol to obtain solution
B. Solution A and solution B were mixed with magnetic stirring for 2 h.
Then, the mixed colloidal solutions were heated under reflux for 3 h at
65°C. The oxide sol was dried at 120°C until it became a gelatin. Finally,
the obtained products were calcined at different temperatures for 4 h.
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The as-prepared products were characterized by X-ray diffraction
(XRD, PANalytical, Cu Ka A=1.5406 A) and scanning electron
microscopy (SEM, TFSEM-6330). Charge-discharge measurements
(LAND CT2001A) were performed between 0.25 and 3.00 V versus
Li/Li*. A three-electrode system was used in this experiment. The
electrolytes contain ethylene carbonate (EC) and diethyl carbonate
(DEG, 1:1 v/v).

Results and Discussion

Figure 1 shows the XRD patterns of the SnO, powders calcined at
different temperatures. The peaks appear clearly at 400°C, where the
characteristic peaks of 26.6° 33.9° and 51.0°correspond to the (110),
(101) and (211) lattice planes of SnO, (JPCDS 88-0287), respectively
[13]. When the SnO, powders were annealed at 600°C, the intensities
of the characteristic peaks were the strongest, which indicates that
an excellent crystalline structure was produced. However, when the
calcination temperature was increased to 700°C, the peak intensities
decreased, suggesting that the crystallization in the SnO, powders have
been destroyed.

Typical SEM images of the SnO, powders calcined at various
temperatures for 4 h are shown in Figure 2. As seen in Figure 2a, the
granular powder product was not formed at this temperature. This
indicates that the product still contains organics due to the incomplete
calcination at low temperature.

Organics are removed after calcinating at 500°C, as shown in Figure
2b, and the powders begin to emerge. When the calcination temperature
is 600°C and 700°C, the shape of the product is oval. The particle size is
approximately 40 nm. The crystallinity of the product is obvious. These
results agree with those of the XRD analysis.

Figures 3 and 4 are the results of the charge-discharge tests. A three-
electrode system was used (the samples were the working electrodes, an
Ag/AgCl electrode was the reference, and a platinum electrode served
as the counter electrode). The electrolytes contained ethylene carbonate
(EC) and diethyl carbonate (DEC, 1:1 v/v). Figure 3 shows the charge
and discharge capacity of the SnO, powders at different calcination
temperatures. The charge platform was observed between 0.8 V and 0.9
V. With increasing calcination temperature, the charge platform is not
more and more obvious. The charge capacity is the highest at 600°C,
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Figure 1: XRD patterns of the SnO, powders calcined at different temperatures
for 4 h: (a) 300°C, (b) 400°C, (c) 500°C, (d) 600°C, (e) 700°C and (f) 800°C.

Figure 2: SEM images of the SnO, powders at different calcination
temperatures for 4 h: (a) 300°C, (b) 400°C, (c) 500°C, (d) 600°C and (e) 700°C.
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Figure 3: Charge-discharge capacity of the SnO, powders at different
calcination temperatures.

where a discharge capacity of 1800 mAh/g and a charge capacity of 710
mAh/g were obtained for the first cycle. This enhanced charge capacity
could be attributed to the formation of nanosized particles, which
favor lithium ion diffusion. Moreover, the enhanced charge capacity
could also be attributed to an increase in the contact area of the active
material. As the calcination temperature further increased, the charge
capacity decreased, which may be due to the formation of large grains
in which lithium ions cannot easily enter.

In Figure 4, the performance of the SnO, powders is shown for
the first 12 cycles. Considering the capacity, the charge capacity is the
highest at 600°C for 12 cycles. However, it is also the lowest reversible
capacity with 40% capacity retention.

During the second charge-discharge cycle, the SnO, powders

J Anal Bioanal Tech, an open access journal
ISSN: 2155-9872

Volume 8  Issue 5 + 1000382



Citation: LiuR, Yang WD, Song YJ, Liu C (2017) Calcination Temperature Effects on the Architecture, Morphology and Discharge Properties of SnO, Electrode Materials
Ge Performances of a Lini; ,Co, ,0, Electrode Material. J Anal Bioanal Tech 8: 382. doi: 10.4172/2155-9872.1000382

Page 3 of 3

sl —n—400°C
[ o 500°C

p— » 600°c
_ I . v 700°C
o 500 e
flend
dE: =
< 400 L
=
= I
8 300 ..
@ B )
O L ]

. .
200 |- LI ..
L L3
100 [ T a e,
S - ) Sl Dt ..y :
LS L n ) B S B - ek
Q R i 1 . L - : £ ! ¢ ; ;
0 2 4 B 8 10 12 14

Number of Cycle

Figure 4: Electrochemical properties of the SnO, powders during the 12" cycle
at different calcination temperatures.

exhibited a reversible capacity with 99% capacity retention at a
calcination temperature of 500°C. Even in the twelfth charge-discharge
cycle, the reversible capacity still retains 81% capacity, which can
greatly improve the lithium battery life. Moreover, better diffusion was
obtained at this calcination temperature. This result may indicate that
the proper calcination temperature not only induces a proper crystal
phase but also leads to a host matrix for Li to increase the useful life.

Conclusions

In summary, SnO, was synthesized by the Pechini method. The
effects of the calcination temperature on the formation of the SnO,
electrode material were investigated in detail. SnO, electrode materials
were analyzed using SEM and XRD. The grain size of the SnO,
electrode material is approximately 40 nm, and the completed crystal
phase is obtained at 600°C. The discharge capacity of the SnO, electrode
material can reach 1800 mAh/g and the charge capacity reaches 710
mAh/g at 600°C. Furthermore, the capacity of the SnO, electrode
material remains at 40% after the 12 charge-discharge cycle. This work
contributes to a better understanding of the physical and chemical
properties of SnO, materials.
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