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Abstract: Tungsten carbide (WC) was synthesized via modified polymer precursor method. The
formation of WC was ascertained through Fourier-transform infrared spectra (FT-IR), x-ray
diffraction (XRD), thermogravimetry analysis (TGA) and differential thermo analysis (DTA). The
WC electrode was synthesized over 316 stainless steel to evaluate electrochemical performance
through cyclic voltammetry (CV). The CV curves of WC electrode were found in the potential span
of -0.6 to 0.0V in KOH (1.0 M). The WC electrode shows specific capacitance (Cs) of 110 F/g at
0.001 V/s and good cyclic stability over 500 cycles.
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Introduction

Supercapacitors (SCs) also known as electrochemical capacitors are energy storage devices
having similarities with batteries and conventional capacitors but unlike batteries they store only
electric energy'. SCs serve for bridging the energy gap between traditional capacitors with high
power output and batteries with high energy storage capacity >*. The charge storage capacity of
SCs mainly depends on the type of electrode materials. The materials having high surface area,
good electrical conductivity and thin electrolytic dielectrics are more reliable for energy storage
devices'. Therefore, the new category of material i.e., metal carbides and nitrides recently have
been introduced due to its exceptional chemical and physical characteristics’.

The atoms like carbon, nitrogen and oxygen are easily dissolve in the interstitial sites of
early transition metal lattice. Therefore, the resultant alloys are identified as metal carbides,
nitrides and oxycarbides’. Due to their high strength and durability, they are used for making
rocket nozzles and drill bits under utmost temperature and pressure’. Transition metal
carbides are also widely used in the field of technology due to their high catalytic, magnetic
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and electronic properties™ .

In this paper, we investigate the electrochemical behavior of tungsten carbide (WC)
electrodes for energy storage. We have also studied the charge-discharge characteristics of
WC electrode.
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Experimental

Ammonium metatungstate (AMT), resorcinol and formaldehyde were purchased from
Sigma-Aldrich. Chlorosulfonic acid (98%) was procured from Across Chemicals, PSO (M,
26,000) from Aldrich Chemicals and graphite (500 um) from Loba. Other chemicals and
solvents were used without further purification.

Synthesis of WC and SPS

WC was synthesized using a modified polymer precursor route procedure'”. Typically,
5.00 g of AMT and 1.25 g of resorcinol were dissolved in 1.65 mL of formaldehyde and
20 mL of de-ionized water. The resultant solution then refluxed at 90 °C for one day. Then
precipitate of WC was washed with de-ionized water and dried at 50+1 °C/400 mm Hg
over 24 hours.

PSO resin (7.2 g) was dissolved in dichloromethane (DCM) (75 mL) in a two neck flask
at 20+1 °C under stirring at room temperature. To this the solution of chlorosulphonic acid
in DCM was added drop wise with stirring over 2 h. The precipitated SPS was filtered and
washed with NaOH (10%). Finally, SPS was washed with de-ionized water and dried at
501 °C overnight'.

Preparation of the working electrodes

The metallic substrates for electrode (2 cm®) area were fabricated through cutting a
commercially available 316-SS sheet. Prior to deposition of electroactive material, surface
of electrode was well polished with emery paper (mesh size 320600), followed by cleaning
the surface with acetone. Working electrodes were prepared through depositing (100 pL) an
ultrasonically prepared suspension comprising electroactive material (65 mg), graphite
(10 mg) and SPS in NMP (5 g/dL) over SS substrate. The treated electrodes were dried at
room temperature for 8 h, followed by 60 °C/400 mm Hg for 48 h. This has afforded
electrodes with a mass thickness of electroactive materials by 0.04+0.01 mg'*"*.

Characterization

FT-IR spectra of samples were recorded on thermo Nicolet in KBr from 4000 to 500 cm™ on
transmission mode. Thermo-oxidative stability was investigated through TG and DTA over
EXSTAR TG/DTA 6300 instrument in static air at a heating rate of 10 °C/ minutes a flow
rate of 200 mL/min in the temperature up to 700 °C. XRD spectra of powdered samples
were recorded at room temperature over Rigaku-Geigerflex, x-ray diffractometer using Cu-
Ka radiation (A= 0.154 nm) in the range of 5°-90°.

All the electrochemical characterizations were made over IVIUM Potentiostat-
Galvanostat using a three electrode cell assembly. Ag/AgCl was used as reference electrode.
Pt electrode was used as counter electrode. CV was conducted at current compliance 1 mA
in the range of -0.6-0.0V, at 0.001-0.2 V/s at ambient temperature.

Results and Discussion
Spectra

FT-IR spectra

Figure 1, depicts the FT-IR spectra of WC. WC shows symmetric stretches near the low

frequency fingerprint region at" 665.82 cm. The peak at 3583.31 cm™ corresponds to

symmetrical stretch of W.....OH, probably due to moisture'®"”,
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Figure 1. FT-IR spectra of WC

XRD spectra

The XRD spectra of WC are shown in Figure 2. For WC, the diffraction peaks at 31.49°
(2.83), 35.70° (2.51), 48.35°(1.88), 64.16° (1.45), 65.70°(1.41), 73.22°(1.29), 75.67°(1.25),
77.12°(1.23) and 84.20°(1.14) are correspond to [001],[100], [101], [110], [002], [111],
[200], [102] and [201] planes of hexagonal WC and well matched with JCPDS 73-0471'%,
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Figure 2. XRD spectra of WC

Thermal stability

Figure 3, display the TG and DTA of WC. WC was thermally stable up to 384 °C. WC was
decomposed with TG onset at 528 °C. This was accompanied with weight gain of 4.90% due
to oxidation'®. Decomposition of WC was supported with a DTA signal (0.22 mV) at
548 °C. Maximum decomposition of WC was @ -21.97X10° mg/ °C at 552 °C. The TG
endset of WC was appeared at 597 °C leaving char residue of 114.70 wt %.
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Figure 3. TG-DTA of WC
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Electrochemical behavior

The electrochemical behavior of WC were examined through CV using KOH (1.0 M) as an
electrolyte at the common scan rate of 0.001 to 0.2 V/s (Figure 4). A regular increase in the
peak currents has been observed on increasing scan rate in the potential range of -0.6 to 0.0
V vs. Ag/AgCl. Calculations based on cathodic and anodic current reveals that WC display
Cs (F/g) of 110.00 @ 0.001V/s (Figure 4a, 4b). Further to investigate, the cyclic
performance of WC, the scans was run upto 500 cycles at a scan rate of 0.1 V/s. The
electrode shows good cyclic stability with negligible loss of Cs (Figure 4c). The charging-
discharging curve of WC electrode was recorded in the voltage range from -0.6 to 0.0 V at
an applied current density of 10 mA/cm®. The charge-discharge curves are linear in the full
potential span, depict good capacitive behavior (Figure 4d).

120
0.101 a b
100/
0.05 4 80/
]
< 0.00 4 = 60+
£ B
= © 4014 -
-0.051
20I-
0.10 4 0-
06 05 -04 -03 -02 -01 00 0 50 100 150 200
E/V Scan rate mV/s
0.1 -
1 C
0.04 00
‘ 0.1 4
0.02 1 >
< T st é -
£ 0.0014 S 031
A
0.4
-0.02 4
P 0.5
[~ 500th
T — 0.6
06 -05 04 -03 02 -0.1 00

0 100 200 300 400 500
E/V Time, s

Figure 4(a). Cyclic voltammetry (CV) of WC vs Ag/Ag" electrode at 0.001-0.2 V/s scan
rate. (b) Effect of scan rate on Cs of WC. (¢) CV of WC at 0.1 V/s up to 500 cycles.
(d) Charge-discharge curve of WC

Conclusion

The modified polymer route method was used to synthesize WC. The formation of WC was
confirmed by diversified analytical techniques. The sulphonated polysulphone binder based
WC electrode was fabricated to study the electrochemical -characteristics. The
electrochemical performance of WC has been examined through CV and the Cs calculated
from I/V curve is 110 F/g @ 0.001 V/s. The charge-discharge curve depicts good
electrochemical behavior.
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