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Abstract

The V,0s xerogel and V,0s xerogel /graphite composite were synthesized by sol-gel
method. The obtained materials were characterized by X-ray diffractometry and
simultaneous thermogravimetry and differential thermal analysis. The electrochemical
behaviour was investigated by galvanostatic cycling in aqueous solutions of LiNO;.
Better electrochemical performance was evidenced for composite V,0s
xerogel/graphite. Namely, the initial capacity of V,0s xerogel/C was found to be 66
mAh g against 40.4 mA h g for V,0s, while capacity fade after 50 cycles was 10 %
of initial capacity for V,Osxerogel/ graphite, against 27% for V,0s.

Introduction

The rechargeable lithium-ion batteries with organic electrolytes present today the
exclusively used power sources of the portable electronic devices. However, the
organic electrolytes are toxic, inflammable and expensive, and there is the
tendency to replace them by aqueous solutions [1]. The lithium ion batteries with
aqueous solution would be more safe and cheaper. The main problem of Li-ion
batteries with aqueous electrolyte is the voltage limitation arising due to the low
decomposition voltage of water, and relatively poorer electrochemical
characteristic of electrode materials.

In the field of lithium-ion batteries with organic and aqueous solutions,
different vanadium oxides (VO,, V,0s, Li;«V;0s5) were investigated as electrode
materials. Vanadium pentoxide (V,0s) in both crystalline and amorphous (xerogel)
form was often studied. An amorphous (xerogel) form of V,0Os displayed higher
capacity than the crystalline form in organic and aqueous electrolyte [2-4]. The
performances during galvanostatic charging/discharging of xerogel V,0Os may be
improved by some additives to the electrolyte solution, or by addition of
nanodispersed carbon material during synthesis [3,4].

In this work, we synthesized two materials by a simple sol-gel method: xerogel
V,05 and composite material V,05 xerogel/C, where C was finely dispersed
Carbon. The intercalation/deintercalation of Li ions into both materials was
investigated by galvanostatic cycling in a saturated aqueous solution of LiNOs.
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Experimental

Both the xerogel V,0s and the V,0;5 xerogel/graphite composite (V,05/C) were
synthesized in an almost identical way. In both case, the preliminary solution was
obtained by dissolving crystalline V,0s5 powder (p.a. Merck) in 10% solution of
hydrogen peroxide H,O, (p.a. Merck) in an amount which provided a 0.06 M
solution. To obtain V,0s xerogel /C composite, the natural graphite was added in
the V,05-H,O; solution in an amount to provide mass ratio V,0s5: C of 10 in
solution V,05-H,0,. The solution V,0s5-H,O, with and without added graphite
were mixed by magnetic stirrer 24 h, then poured into a Petri cup and dried in air
until the solvent evaporated. The obtained powders were dried at 200 °C for one
hour.

The X-ray power diffraction (XRPD) data were collected using Philips PW
1050 with CuKao,, , radiations in 10-70° 26 range with 0.05° step and 2 seconds
exposition time. Simultaneous TGA/DTA measurements were carried out under air
flow, at a heating rate of 10 ® min™ using the device TA SDT Model 2960.

The galvanostatic charge/discharge measurements were performed in a two-
electrode arrangement, with V,Os
xerogel or composite V,0s xerogel/C
as active mass of the working
electrode and LiMn,O, as active xerogel V.0,
component of the counter electrode,
using  software-controlled device
Arbin BT-2042. The active material
for working (or counter) electrodes
was made by mixing xerogel V,Os or [ il :
composite V,0; xerogel/C o =20 = s S B i
(Lanzp 4) Ca.rbon bl.aCk and P.V DF Figure 1. a) The XRD patterns of composite
binder in a weight ratio 85:10:5 in N- V,0s5 xerogel and V,0s xerogel /C composite
methyl 2-pyrrolidone solvent. A drop  dried at 200°C.
of the suspension was deposited on
stainless steel (Fe-18%Ni) plates (~6.2 cm?). These electrodes were dried one hour
at 80 °C in air and 12 hours at 140 °C under vacuum. The filter paper soaked with
saturated aqueous solution LiNOj; separated the electrodes. The coulombic capacity
during charging/ discharging process was measured within the voltage window
0.01 to 1.3V, ie. within the voltage window of water electrochemical
decomposition.

xerogel V,0,/C
b

Results and Discussion

XRPD analysis of V,0s5 xerogel and V,0s xerogel /C composite after drying at
200°C evidenced amorphous structure of V,0s, Figure 1. The broad peak at 260 =
25° can be observed for composite V,0s/C and it belongs to graphite. The both
xerogels contained 0.4 mole of H,O per mole of oxide after heating to 200 °C. The
amount of carbon in the synthesized material, calculated from the mass loss caused
by combustion, corresponds to the initial amount of carbon in the material.
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Figure 2 shows  the
dependence of discharge cap-
acity (left axis) and efficiency
(right axis) on the cycle number
of V,0s xerogel and V,0s
xerogel/C composite in aqueous
solution of  LiNOa. The
coulombic efficiency of both
investigated  materials  were
similar and amounted to about 0 . . . . 0
96%.The V,0;5 xerogel displayed 0 10 2 30 40 %0

initial capacity of 40.4 mA h g'l, Cycle number

: A Figure 2. The discharge capacity (full symbols) and
but its value was Only 29.5 coulombic efficiency (empty symbols) of xerogel V,05

h g'l after 50 Cycles. The V,0s (circle) and composite xerogel V,05/C (square) in
xerogel/C Composite displayed saturated aqueous LiNOj solution.

much better electro-chemical

performance both before and during cycling. Its initial discharge charge capacity
was 66 mAh g and was almost constant during the first 12 cycles. After 12 cycles
there appeared slight decrease and 59 mA h g was registered after 50 cycles. A similar
improvement of cycling performance was perceived for composite xerogel V,0s if
carbon black was added in the process of synthesis. Namely, the xerogel V,Os
composite /C where C is carbon black displayed initial capacity of 58.8 mAhg" and
after 50 cycles somewhat lower value of 43.1 mAhg" was measured [4].
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Conclusion

The V,0; xerogel /C composite synthesized by dissolving crystalline V,0s in
diluted solution of H,O, and adding graphite to the solution presents a promising
electrode material for aqueous lithium ion batteries. Initial discharge capacity of
this material was found to be 66 mAh g', while the capacity after 50 cycles is
about 90 % of its initial value.
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