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1. Introduction

Evolving technological innovations in the
electronic field urge the need for renewable energy 
sources over fossil fuels to meet energy demand. 
To overcome this issue, significant interest in novel 
materials have been put forth. In this regard, 
carbon and carbon family is a promising candidate 
due to their peculiar properties in the arena of 
energy harvesting and storage system. In this work, 
we reported CEC-Ni as a binder free electrode for 
SCs application due to its fascinating 
physio-chemical properties. The valence electron 
of carbyne possesses sp, and sp2 hybridized atom 
which are different from graphene and diamond like 
carbon. Generally, carbyne is a linear chain of ‘n’ 
number of carbon atom composed of either single 
and triple bond (-C≡C-) n or consecutive double 
bond (=C=C=)n over the liner chain[1-3]. The 
theoretical study by Liu et al. proposed that 
carbyne possesses high strength, high flexibility, 
and chemically stable in nature. Wesley A. 
Chalifoux et al. experimental result confirms that 
carbyne possesses the band gap of ~2.56 eV [4,5]. 
This outstanding property of carbyne opens the 
gateway towards the various application. Bettini et 
al. inspected the use of carbyne-rich carbon films 
(fabricated by low kinetic energy deposition 
method) as an electrode material for 
supercapacitors application. The work by Bettini et 
al. validates that forthcoming studies are important 
for improving the electrochemical properties of 
carbyne which can be attained either by changing 
the synthesis method, or removing the binder from 
the electrode, or applying both faradic and 
nonfaradic mechanism on charge storage and so 
on [6]. Therefore, in this report, we prepared the 
novel binder free carbyne-enriched carbon/Ni via 
extracting the halogen from the PVDF-Ni using 
chemical dehydrohalogenation method and 
examined its use as a potential electrode for 
supercapacitor application. 
2. Results and Discussion

The micrograph of CEC-Ni before 
dehydrohalogenation process seen in Figure 1(A& 

B) affirms the uniform coating of PVDF on nickel
foam at a different level of magnifications. Figure
1(C & D) present the micrograph of the prepared
CEC-Ni after the removal of halogen process at
different magnification, which revealed the uniform
distribution of CEC on the Ni foam.

Further, the prepared PVDF-Ni and 
CEC-Ni film is used as such as an electrode for the 
supercapacitor application. At first, the CV curve of 
the PVDF-Ni and CEC-Ni electrodes have been 
studied (using three electrode tests) to know their 
charge storage behavior using 1M Na2SO4 
electrolyte. The CV profile of PVDF-Ni and CEC-Ni 
electrode indicate that it can operate over the 
operating potential window (OPW) of 0.0 to 1.0 V 
measured at a scan rate of 100 mV s-1 as seen in 
the figure 2 (A &B). 

3. Equations and figures.

The specific capacitance of the CEC/Ni 
electrode from CV profiles was calculated using 
relation: 

Csp = [ʃ IdV / (s× ΔV × m)] ……………. (1) 

Here, ‘ʃ IdV’ is the integral area under the CV curve, 
‘s’ is the scan rate (mV s-1), ‘ΔV’ is the potential 
window (V), and ‘m’ is the electroactive mass of the 
electrode (g). Here ‘I’ is the discharge current (A), 
‘Δt’ is the discharge time (s), ‘m’ is the electroactive 
mass of the electrode (g), ‘ΔV’ is the potential 
window (V). 

The specific capacitance (Csp) of the 
CEC/Ni electrode was calculated from the CD 
profiles using the relation. 

Csp = [(I × Δt) / (m × ΔV)] ..................... (2) 

Here ‘Csp’ is the specific capacitance of 
the CEC/ Ni electrode obtained using CD analysis 
(F g-1), ‘ΔV’ is the potential window (V) and ‘Δt’ is 
the discharge time (s). 
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Fig 1. FE-SEM micrograph of PVDF-Ni (A-B) and 
CEC-Ni (C-D) at different magnification 

Fig 2. (A) Comparative CV profile of PVDF-NiE 
and CEC-NiE measured at a scan rate of 5 mV s-1 
and (B) CV profile of CEC-NiE measured at various 

scan rate from 500 to 150 mV s-1. 

4. Deadline and other information

In conclusion, we used a simple and 
cost-effective dip and dry process for the 
fabrication of high-performance electrode for next 
generation supercapacitor application. The CEC-Ni 
were prepared via extraction of halogens from the 
PVDF-Ni using chemical dehydrohalogenation 
process. In depth physio-chemical characterization 
such as XRD, XPS, Laser Raman spectroscopy, 
FT-IR and FE-SEM with elemental mapping were 
analyzed to conform the extraction of halogen from 
the PVDF-Ni film using dehydrohalogenation 
process. CV and EIS studies suggested that the 
overall capacitance in CEC-Ni was contributed by 
both EDLC and ion intercalation/de-intercalation 
capacitance. The CEC-Ni electrodes delivered a 
specific capacitance of 106.12 F g-1 from the CV 
profile analysis performed at a scan rate of 5 mV s-1. 
These studies suggested the potential applications 
of CEC-Ni as an electrode material for future 
energy storage application. 

Acknowledgment 

This work was supported by the Basic Science 
Research Program through the National Research 
Foundation of Korea (NRF) grant funded by the 
Korean government (MSIT) (2018R1A4A1025998, 
2019R1A2C3009747).  

References 

[1] S.H. Kim, C.S. Haines, N. Li, K.J. Kim, T.J. Mun,

C. Choi, J. Di, Y.J. Oh, J.P. Oviedo, J. Bykova, S.

Fang, N. Jiang, Z. Liu, R. Wang, P. Kumar, R.

Qiao, S. Priya, K. Cho, M. Kim, M.S. Lucas, L.F.

Drummy, B. Maruyama, D.Y. Lee, X. Lepró, E.

Gao, D. Albarq, R. Ovalle-Robles, S.J. Kim, R.H.

Baughman, Harvesting electrical energy from

carbon nanotube yarn twist., Science. 357

(2017) 773–778.

[2] K. Krishnamoorthy, V.K. Mariappan, P.

Pazhamalai, S. Sahoo, S.-J. Kim, Mechanical

energy harvesting properties of free-standing

carbyne enriched carbon film derived from

dehydrohalogenation of polyvinylidene fluoride,

Nano Energy. 59 (2019) 453–463.

[3] J.P.G. Tarelho, M.P. Soares dos Santos, J.A.F.

Ferreira, A. Ramos, S. Kopyl, S.O. Kim, S. Hong,

A. Kholkin, Graphene-based materials and

structures for energy harvesting with fluids – A

review, Mater. Today. 21 (2018) 1019–1041.

[4] L. Grande, V.T. Chundi, D. Wei, C. Bower, P.

Andrew, T. Ryhänen, Graphene for energy

harvesting/storage devices and printed

electronics, Particuology. 10 (2012) 1–8.

[5] K. Jeyasubramanian, M. Muthuselvi, G.S. Hikku,

E. Muthusankar, Improving electrochemical

performance of reduced graphene oxide by

counteracting its aggregation through

intercalation of nanoparticles, J. Colloid Interface

Sci. 549 (2019) 22–32.

[6] Y. Zheng, Z. Lin, W. Chen, B. Liang, H. Du, R.

Yang, X. He, Z. Tang, X. Gui, Flexible,

sandwich-like CNTs/NiCo 2 O 4 hybrid paper

electrodes for all-solid state supercapacitors, J.

Mater. Chem. A. 5 (2017) 5886–5894.

493




