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Abstract

SnO-V205-Si02 glass anode sample prepared by simple a mechanical milling technique. The amorphous nature of sample
identified using with XRD technique. This glass anode has an initial charge capacity of 560 mAhg~! and discharge capacity
of 483 mAhg™'. After 20 charge—discharge cycles, charge and discharge capacities achieved to be 389 and 379 mAhg~! at
0.1C, respectively. The loss in discharge capacity is up to~45.22% even at high rate 5C.
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Introduction

In the recent years, Na-ion battery technology has been
proven to be a possible alternative to Li-ion battery tech-
nology for large-scale grid storage with further develop-
ment due to its significant advantages such as cost, natural
abundance [1-3]. Though Na-ion and Li-ion batteries share
similar operating principle, it was shown by various experi-
mental investigations that the respective crystallographic
structural functions aiding cationic intercalation are differ-
ent in case of Li intercalation compounds compared to that
of Na-ion intercalation compounds [4, 5]. Moreover, when
heavier sodium ions (90 pm) enter into the metal oxide,
structural changes occur in the base network, which subse-
quently limits the performance of the battery [5]. Despite the
fact that several crystalline cathode compounds have been
developed successfully, slow development of anode materi-
als hampers to realize of room temperature Na-ion batteries
[6-8]. Unlike Li, metallic sodium is not successful as anode
material because of its lower melting temperature (97.7 °C)
than Li (180.5 °C) and specific capacity and higher atomic
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mass. In view of these facts, several groups have been work-
ing on variety crystalline anode materials rather than metal-
lic Na; however, each material has their own demerits that
include poor electronic conductivity and chemical stability
and less specific capacity than its theoretical capacity which
are yet to be addressed [9—-11]. It has been reported that the
specific capacities of amorphous glass anode materials are
superior than carbon based compounds for both Li- and Na-
ion batteries [12, 13].

Among these materials, glass networks mixed with V,05
paved a way to display interesting structural and Na stor-
age properties in view of the facts that V,05 exhibits multi-
electron transfer at lower voltages, non-zero valency state
to convert into its metallic form during intercalation and
de-intercalation process [14—17]. Among these materials,
glass networks mixed V,05 paved a way to display inter-
esting structural and Na storage properties [14—17]. On the
other hand, our group has successfully synthesized, tested,
and reported the electrochemical performance of Zn—Ge-Sb
glass anode network for use in Na-ion batteries. Here, the
initial charge capacity achieved to be 709 mAhg~! and
loss in discharge capacity is up to~18.63% even at high
rate 5C which is a significant step to understand interca-
lation and de-intercalation mechanism of Na-ion batteries
[18]. Inspired by the success on glass anodes, it is further
required to gather the knowledge on the SnO-V205-Si02
(mol %) glass anode network to meet the desired properties
to achieve the demand of high-energy storage in view of the
fact V,05 exhibits low-voltage redox couple of V>*** which
we have focused in the present investigation. Furthermore,
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several experimental investigations have been carried out on
variety of compositions of SnO-V205-Si02 (mol %) glass
anode network; however, the stoichiometric ratios of SnO,
V,0s. and SiO, compositions have achieved the experimen-
tal specific capacity very close to its theoretical capacity
which is the objective of our present investigation.

Experimental

SnO-V205-Si02 glass anode prepared by simple mechani-
cal milling method by taking of analytical reagent grade of
33.3 mol % SnO (Sigma-Aldrich, 99.9%), 33.3 mol % V,0s
(Sigma-Aldrich, 99.9%), and 33.3 mol % SiO, (Sigma-
Aldrich, 99.9%). The mechanical milling was carried out
using a high-energy planetary ball mill for 50 h to form the
homogeneous nanoscaled glass powders at room tempera-
ture. Powder-to-ball ratio was taken as 1:10 at 300 rpm and
8 mm tungsten carbide balls were used in milling. XRD
technique was used to check the amorphous nature of glass
samples [Philips PANalytical X pert PRO X-ray diffractom-
eter with Cu target (K, wavelength of 0.154 nm) and Ni
filter at 40 kV and 30 mA (2 h range) at room temperature].
Charge/discharge characterizations were carried out using a
multichannel battery test unit from Maccor, Inc., model 2000
at a scan rate of 0.1 mV s™! with a potential window ranging
between 0.001 and 2 V.

The working electrode prepared by mixing the active
anode glass powder (85% by weight), acetylene black (10%
by weight), and polyvinylidene fluoride (PVDF) (5% by
weight) with ball miller for 1 h in acetone. Then, the result-
ant slurry mixture was coated on a copper plate with the help
of doctor blade and dried at 70 °C for 24 h. Electrochemical
measurements were carried out using Swagelok-type test
cells.

Results and discussion

Figure 1 shows the XRD powder patterns of
SnO-V205-Si02 glass anode up to 50 h of ball milling.
Prior to ball milling (at 0 h), some of crystalline peaks are
observed which can well indexed with SnO (ICSD No:
15516) V,05 (ICSD No: 82152) and SiO, (ICSD No: 9327).
The degree of sharpness and intensity of these crystalline
peaks are decreasing slowly with increase in the milling time
from O to 20 h. Beyond 20 h of ball milling, the intensity of
crystalline peaks is slowly decreasing with increase in broad-
ness and almost peaks are disappeared when the ball milling
time reaches to 50 h, which confirms that it is amorphous
nature (Fig. 1). The structural information of as-prepared
glass anode materials obtained via mechanical milling is
exactly analogous to the melt quenching technique. The
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Fig.1 XRD powder patterns of SnO-V205-SiO2 glass anode for
several hours ball milling
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Fig.2 DTA curves for the SnO-V205-SiO2 glass anode

glass transition phenomenon of as synthesized glass anode
sample is explored with the help of DTA traces. Figure 2
shows DTA traces related to first five cycles, measured
between 373 and 900 K. At first cycle, the crystallization
temperature obtained at 754 K due to its exothermic effect
which is ascribed due to the formation of VO, crystals in the
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glass network. The clear endothermic effect is also observed
from the glass transition temperature at 740 K, as depicted
in Fig. 2. It is obvious from Fig. 2 that the degree of crystal-
linity of the present glass anode sample started decreasing
from first cycle and shifted to pure amorphous compound
after fifth cycle.

Charge and discharge traces of SnO-V205-SiO2 glass
anode sample from 1st cycle to 20th cycle, measured
between 0 and 2 V at 0.1 °C (Fig. 3). It clear from Fig. 3
that the initial charge and discharge capacities evaluated
from its abscissa as 560 and 483 mAhg~!, respectively.
However, an initial capacity loss measured to be 77 mAhg™!
with 86.2% of columbic efficiency. It is also interesting to
note that charge and discharge capacities achieved to be at
389 and 379 mAhg~! even after 20th cycles with a capacity
loss of 10 mAhg~!. Nevertheless, the charge and discharge
capacities are retained up to~70 and 80% even for the first
20 cycles (Fig. 3).

In general, variable oxidation states of Sn ions (+2 and
+4) will cause for larger volume changes which lowers the
initial capacity [19]. However, the presence of VO, com-
plexes in the SnO-Si0, glass network will have a super con-
trol on agglomeration of Sn particles which will create large
number of NBOs (non-bridging oxygens) in the glass net-
work leading to record improved capacity even at 20 cycles.

The discharge cycle performance of SnO-V205-Si02
glass anode sample for various charge and discharge rates
(0.1C, 0.5C, 1C, and 5C) is shown in Fig. 4. The loss in
discharge capacity is measured to be~8.71, 11.82, 11.24,
and 10.60% at 0.1C, 0.5C, 1C, and 5C, respectively (Fig. 4).
Moreover, the loss in discharge capacity is recorded up
to~45.22% even in high rate at 5C for the initial discharge.
On the other hand, the highest columbic efficiency ~97.43%
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Fig.3 Charge and discharge profiles of SnO-V205-SiO2 glass
anode
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Fig.4 Discharge cycle performance of SnO-V205-SiO2 glass anode

is recorded at 0.1C rate (Fig. 3) which is a significant trend
of our present glass anode sample for efficient use in the
storage devices.

Conclusion

Sn0O-V205-Si02 glass anode system was synthesized by
mechanical milling technique. The presence endothermic
effect in the DTA curves clearly suggests that the present
anode sample is perfectly in amorphous state after third and
fifth cycles. Initial charge and discharge capacities evaluated
to be 560 and 483 mAhg~!, respectively, and will be retained
up to~70 and 80% even for the first 20 cycles.
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