Materials Research Express INCLUSIVE PUBLISHING
P TRUSTED SCIENCE

PAPER « OPEN ACCESS You may also like

. . - in_injection into multilayer araphene
Binder-free fabricated Cu FeS2 electrodes for e e an e

Heusler alloy

su pe rca pacito ra p p | icati ons Takehiro Yamaguchi, Rai Moriya, Soichiro

Oki et al.

. . . - Uniaxial anisotropy, intrinsic and extrinsic
To cite this article: Hope Ebere Nsude et al 2022 Mater. Res. Express 9 025501 damping in Co._FeSi Heusler alloy thin

films
Binoy Krishna Hazra, S N Kaul, S Srinath
etal

- Experimental study on the critical pressure
of converging ferrofluid seal with
alternating pole teeth
Xiaolong Yang, Lei Jiang and Decai Li

View the article online for updates and enhancements.

@ LSS DISCOVER
s = how sustainability
The vh : intersects with
Electrochemical & |

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.17.150.163 on 03/05/2024 at 03:14


https://doi.org/10.1088/2053-1591/ac4f13
https://iopscience.iop.org/article/10.7567/APEX.9.063006
https://iopscience.iop.org/article/10.7567/APEX.9.063006
https://iopscience.iop.org/article/10.7567/APEX.9.063006
https://iopscience.iop.org/article/10.7567/APEX.9.063006
https://iopscience.iop.org/article/10.1088/1361-6463/ab202c
https://iopscience.iop.org/article/10.1088/1361-6463/ab202c
https://iopscience.iop.org/article/10.1088/1361-6463/ab202c
https://iopscience.iop.org/article/10.1088/1361-6463/ab202c
https://iopscience.iop.org/article/10.1088/1402-4896/acc1b0
https://iopscience.iop.org/article/10.1088/1402-4896/acc1b0
https://iopscience.iop.org/article/10.1088/1402-4896/acc1b0
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstirJPB3La8AYmolqqHjSY-xEJ4L7H3n7Sotjc85Zrq3b0RbxOSvAKxUHoShJtgcHraDIn8ixeAA37_pmCwFOIvbk_y4z4SAlkb1fN8TfKR-Ier-L6nNWFTs4_NdYkDzwKotS9Dkf8lrl6YNJF9YIxBIv797coDBxDZyaU_2vnWT-MLYLViUgNhF9ISnvw_N023mYsibTd95ZEIX0o9dEBgcnoSVjFDWqSKaMzdXj2QR9shZmQTWZB6utClwwQLnPv7LVy6BffAncRS4Kw-daXnVmUzTXemexI-L2HYNeayoetbSdWKoZP85gE3VeojOfKUR6A5CZ68CGu1VzXhi4aeo-dkaw&sig=Cg0ArKJSzGdNMx8QPt_a&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.owlstonemedical.com/breath-biopsy-complete-guide/%3Futm_source%3Djbr%26utm_medium%3Dad-b%26utm_campaign%3Dbb-guide-bb-guide%26utm_term%3Djbr

10P Publishing

@ CrossMark

OPENACCESS

RECEIVED
28 November 2021

REVISED
17 January 2022

ACCEPTED FOR PUBLICATION
26 January 2022

PUBLISHED
4 February 2022

Original content from this
work may be used under
the terms of the Creative
Commons Attribution 4.0
licence.

Any further distribution of
this work must maintain
attribution to the
author(s) and the title of
the work, journal citation
and DOL

Mater. Res. Express9 (2022) 025501 https://doi.org/10.1088/2053-1591 /ac4f13

Materials Research Express

PAPER

Binder-free fabricated CuFeS, electrodes for supercapacitor
applications

Hope Ebere Nsude', Raphael M Obodo"** ®, Kingsley U Nsude', Lucky I Ikhioya' @, Paul U Asogwa',
RU Osuji', M Maaza™ and Fabian I Ezema"*>**

1

Department of Physics and Astronomy, University of Nigeria, Nsukka, 410001, Enugu State, Nigeria

> National Center for Physics, Islamabad, 44000, Pakistan

> NPU-NCP Joint International Research Center on Advanced Nanomaterials and Defects Engineering, Northwestern Polytechnical
University, Xi’an, 710072, People’s Republic of China

* Nanosciences African Network (NANOAFNET) iThemba LABS-National Research Foundation, 1 Old Faure Road, Somerset West 7129,
PO Box 722, Somerset West, Western Cape Province, South Africa

> UNESCO-UNISA Africa Chair in Nanosciences/Nanotechnology, College of Graduate Studies, University of South Africa (UNISA),

Muckleneuk Ridge, PO Box 392, Pretoria, South Africa

Africa Centre of Excellence for Sustainable Power and Energy Development (ACE-SPED), University of Nigeria, Nsukka, Nigeria

Author to whom any correspondence should be addressed.

E-mail: raphael.obodo@unn.edu.ng, ebere.nsude@unn.edu.ng and fabian.ezema@unn.edu.ng

Keywords: SILAR, electrodes, copper oxide, supercapacitor, energy storage devices

Abstract

Copper iron sulfide (CFS) (chalcopyrite) thin-film electrodes have been synthesized for energy storage
applications using the SILAR method without the use of abinder. The film’s structural as well as the
morphological and electrochemical characteristics were studied to check the effect of varying
deposition cycles. The x-ray diffraction (XRD) test reveals a crystalline tetragonal CuFeS,
(chalcopyrite) with a decreasing peak as the deposition cycle progresses. The micrographs of the films
reveal a spherical but fleecy-like shape with particle aggregation at higher deposition cycles. The
bandgap increased slightly towards higher cycles and is in the range of 1.15 to 1.22 eV. The CFS
electrodes were evaluated in a three-electrode arrangement for supercapacitive applicationina 2.0 M
KOH electrolyte. The CFS electrodes function admirably. The greatest specific capacitance recorded
was 537 Fg~'at 10mV's~ ' with capacitance retention of 93.5%. This is for CFS electrode deposited at
10 cycles; hence it has the greatest performance. This paper describes a simple, inexpensive, and
repeatable method for fabricating electrodes for supercapacitors.

1. Introduction

Global energy demand has risen rapidly as a result of the rising human population and the desire for equivalent
improvements in living standards. Electrical energy has become crucial in every part of daily life due to the rapid
increase in human energy-based activities. That is to say, energy is required for the majority of human activities
nowadays. Photovoltaic power generating is the most environmentally friendly of all energy generation
technologies. It is the most secure, dependable, accessible, and available option free of pollution.

Photovoltaic power generation cannot be efficient without an efficient storage device. The intermittency
nature of photovoltaic power generation necessitates the storage of generated energy for round-the-clock use
prompting the use of batteries and supercapacitors [1].

Though the use of batteries has been rampant for a long time, there are alot of flaws with the use of batteries
ranging from low power density to heating leading to fire outbursts [2]. Due to the fast and flexible charge/
discharge rate, eco-friendly nature and ultra-high power density, the supercapacitor has gained ground for use in
energy storage [3]. The structure of a supercapacitor mainly consists of a cathode, anode and a sandwiched
separator [4]. The efficiency of the electrode material to a greater extent determines the overall performance of
the supercapacitor [5].

© 2022 The Author(s). Published by IOP Publishing Ltd
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Commonly, carbon-based materials considering their outstanding ultra-high power density and stability are
prevalent but they suffer from relatively low energy density which limits their use in handy consumer electronics
[6]. Also, polymers like polyaniline (PANI) possess exceptional electrochemical properties favouring their use as
electrode materials but they lack greatly cycling stability as well [6].

Attention has been given to transition metal oxides (TMOs) considering their unique properties but their
characteristic low electrical conductivity and low capability among other flaws became an issue prompting
researchers to start exploring some other electrode materials that could be stable, eco-friendly, electrically
conductive among key features required of good electrode material. Having noted that sulfur is more
electronegative than oxygen [7], replacing oxygen and forming compounds with improved ionic diffusivity is a
boom in electrochemical activities; researchers are attracted to transition metal sulfides (TMSs) [8]. Aside from
the higher electrical conductivity of sulfides, they are cheap and possess better electrochemical performance than
their oxide counterparts [3].

Of all the naturally occurring minerals on earth, chalcopyrite (CuFeS,) is more numerous and greatly
exploited for copper recovery [4]. CuFeS,; is a member of the I-III- VI family of elements [8]. It has a tetragonal
structure. Cuand Fe ions are in tetrahedral matching together with sulfur in the framework [9]. Because of their
low toxicity and abundance in nature, researchers are interested in studying them. CuFeS, is a typical n-type
semiconductor. It has a relatively narrow bandgap [5]. CuFeS, is a good solar cell material because of its excellent
photoelectric and magnetic characteristics.

Though CuFeS, has been studied in the laboratory by some scientists before now, its potential for energy
storage is understudied. The application of CuFeS, in the hybrid solar cells has been reported by Layek et al [ 10].
The use of CuFeS, in lithium-ion battery and bed flow cell battery respectively by Guo et al [2], Ding et al, [6] and
Deen etal[11]. Sahoo et al [12] got a specific capacitance of 98.2 Fg~ ' in the electrochemical performance of
CuFeS, in symmetric supercapacitor design in LiOH electrolyte. The lower capacitance reported by Sahoo et al
could be as a result of the binder used in the fabrication of the electrodes which posed to add great electrical
resistance hindering the electrochemical performance. The improved specific capacitance of 621.20 Fg ™' for
CuFeS,/grapheme composite electrode was reported recently by Zardkhoshoui et al [13]. The reason could not
be far from the high surface area provided by the graphene for effective redox activity. Many researchers have
reported on the solution-based synthesis of CuFeS; like solvothermal [14] hot injection method [15],
hydrothermal [16], one-pot method [17], and chemical bath [18]. Lokhande et al [7] employed a single-step
hydrothermal method without a binder for CuFeS, synthesis and got a specific capacitance of 667 F g . The use
of binder and intricate processing of CuFeS,/graphene composite electrode results in high costs and lower
performance. We chose the SILAR method because it is cheap, simple and environmentally friendly for effective
performance.

Binders give active materials in which they are utilized mechanical characteristics [8]. The main ingredient is
combined with the binder to generate a slurry that is applied at a specified thickness when using the binder. The
thin, porous electrode is then formed by drying the slurry-coated substrate. Binders are commonly employed in
electrodes to help them maintain stability beyond 5,000 charge/discharge cycles [15]. Binders have been
observed to alter and reduce capacitance due to increased oppositions it imposes on the electrodes [3]. In this
study, our synthesized electrodes are all fabricated without a binder and in keeping with current research on
binder-free electrodes.

2. Materials and method

2.1. Materials

The chemicals utilized to make CuFeS, thin films were analytical grade and had not been refined before use.
Copper chloride dehydrate (CuCl,.2H,0), iron chloride tetrahydrate (FeCl,.4H,O), sodium sulfide (Na,S), and
Triethanolamine (TEA) were utilized to make CuFeS; thin films, with distilled water used throughout.

2.2. CuFeS, thin film synthesis

1.0 x 5.0 cm sizes of stainless steel, polished with zero grade polish paper, sonicated with the glass slides for

15 min in acetone and 15 min in distilled water at 30 °C, and rinsed with distilled water before being dried in the
oven. 0.5 g of CuCl,.2H,0 and 0.3 g of FeCl, were dissolved in 100 ml distilled water, then stirred for 15 min.
The cationic bath was maintained at pH 4 by adding 1.0 ml of TEA drop by drop under steady stirring for
another 15 min. Separately, 0.8 g Na,S was mixed in 100 ml distilled water and agitated for 15 min before being
utilized as an anionic bath with a pH of 11. The treated stainless steel and glass were each inserted into the bath
containing cations for 30 seconds. Cu*" and Fe* > present in the bath are adsorbed on the substrates’ surfaces.
Cu?"/and Fe*" ions that were not well adsorbed were washed for 10 seconds in distilled water. The Cu®* /Fe**
carrying substrates were then submerged in a Na,S bath for sulfur adsorption on the substrates for 30 seconds.
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Figure 1. The SILAR process of depositing CuFeS, is depicted schematically.

The anions which were not well adsorbed were washed off for 10 seconds in distilled water. The process was
continued until ten, twenty, thirty, and forty cycles had been accomplished. The deposition process is depicted
schematically in figure 1.

The samples are labelled CFS 1, CFS 2, CFS 3 and CFS 4 for sampled deposited at 10, 20, 30 and 40 cycles.

2.3. Characterization

X-ray diffraction (XRD) was used to characterize the structure and phase of CuFeS, thin films (Bruker AXS D8
diffractometer coupled with copper anode at 1.540A). The morphology of the films was examined using a KFU-
Sci machine with a voltage of 15.0 kV for scanning electron microscopy, and the optical characteristics of the
CuFeS, thin films were determined using a 756S UV-Vis spectrophotometer.

2.4. Electrochemical studies of CuFeS, thin films
BioLogic Potentiostat was used to examine the electrochemical characteristics of CuFeS, thin films. The studies
were done in a three-electrode configuration. The electrolyte used was 2.0 M of KOH at a temperature of 303 K.
The working electrode was the as-synthesized thin-film electrodes, the working electrode is the Ag/AgCl and the
counter electrode is the graphite. The capability of CuFeS, thin-film electrodes was tested in the 0 to 1.3 V
potential range. The electrochemical test employed was cyclic voltammetry (CV), galvanostatic charge-
discharge (GCD), and electrochemical impedance spectroscopy (EIS).

The specific capacitance of electrodes was determined from CV according to using equation (2) [9],

C
Cyp = ﬁT 1
where Cris
V‘fldv
Cr = — 2
L )

V1 . . :
j{/ ) IdV = integration of the CV curvearea, s =scanrate,and V = potential used.

The specific capacitance of the CuFeS, thin-film electrodes was also calculated from the GCD profile using
equation (3),

IAt
Cypy = — 3
P mV 3

wherel = current,m = mass (mg), V = potential,and At = time of discharge.
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Figure 2. Graph of intensity against 2 for CuFeS, depositions lasting 10 to 40 cycles.

3. Results and discussions

3.1. X-ray diffraction studies
The XRD patterns of produced CuFeS, thin films placed on glass substrates at 10—40 cycles are shown in figure 2.
The reflection peaks at 29.4°,48.7 °, and 58.7° corresponding to (112), (220) and (303) planes. The peaks
correspond to tetragonal structure (space group: 1-42d) with a lattice constant 0f 5.2864 5 (JCPDS no: 83-0983).
There were no other diffraction peaks as seen in figure 2 indicating the purity of the CuFeS, thin films.

The average crystallite of the CuFeS, thin films was calculated using Debyer-Scherrer’s formula (equation
)

0.9\

D = 4
3 cos 0 @

where A = wavelength, 3 = full width at half maximum (in radians) and 6 = the angle of diffraction. The most
intense peak (112) was used to determine the FWHM. The average crystallite sizes of 16.4 nm, 16.96 nm, 17.12
nm, and 18.07 nm correspond to CuFeS, thin films at deposition cycles 1040, respectively. A close look at the
XRD pattern shows that the increase in deposition cycles relatively dropped the peaks. This could be due to the
size growth as the number of deposition cycles increases. The result is consistent with the findings of [ 16, 19-21].

3.2. Morphological and elemental studies

Figure 3 depicts the surface morphologies of the CFS films. The films were rather spherical and densely spread
on the substrate, according to SEM micrographs. The micrograph of the CFS 1 film revealed a spherical but
fleecy-like shape with particle aggregation at higher deposition cycles as in CFS 2 and CFS 3, and eventually, an
irregular platelet-like nanostructure in CFS 4. The platelets have irregular thicknesses and a narrow gap between
them. This narrow gap lessens pores and limits ions intercalation for redox reactions [7], hence the low
capacitance of CFS 4. The fleecy-like nature and smaller particle size of CFS 1 encourage easy ion intercalation
for faster redox reactions and hence an appreciably high capacitance measured. The measured average particle
sizes using Image ] software are approximately 35.5 nm, 51.7 nm, 54.9 nm and 83.3 nm for CFS 1, CFS 2, CFS 3
and CFS 4 respectively. The bigger particles came from crystallite aggregation.

Energy dispersive x-ray spectroscopy gave the elemental composition of the CFS thin films. Figure 4
indicates that our film contains Copper, Iron, and Sulfur, in the atomic percentage ratios of 1:1:2. Also found in
the spectrum were Sodium and Calcium peaks from the used glass substrate and Oxygen from water used in the
synthesis.

3.3. Optical studies

From the photon energy extrapolation in figure 5(a), the bandgap energy of the range 1.08—1.22 eV were
recorded for CFS1 - CFS4. The narrow bandgap of the films complements the small particle size and favours
photovoltaic applications, while their unique small bandgap boosts electrical conductivity and is a bonus in
enhancing electrochemical performance. The range of values for electrical conductivity against wavelength
ranged between 6.9 x 10-3-6.3 x 10> Sm ™' for CES 1—CFS 4 within the Vis region as shown in figure 5(b).
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Figure 3. SEM micrograph of CFS films.

N LO."_] Element | Atomic
- %
10 = S 40.0
= @ Cu 278
Fe 20.7
| Na 6.1
T 0 2
E- o Ca 12
~

Figure 4. EDS of CuFeS, films.

E
o~ 121 L
s )
0 -
A 3
E 0.8 e
) 24-
= 2
k;
= 0.4 2
£ [=]
g 22;
©
K
E
0.04 g . . r r v v
1.0 1.1 2 1.3 = 300 400 500 600 700 800 900
hv (eV) Wavelength (nm)
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According to Teranishi and Sato [16], it diminishes as the wavelength increases. The CFS films have a high
electrical conductivity that decreases as the deposition cycle increases.

3.4. Electrochemical studies

The CuFeS,; electrodes’ CV profile is shown in figure 6. The CV profile shows few redox peaks, signifying that the
CuFeS, electrode’s capacitance is largely driven by a faradaic mechanism. The invariance in the redox peaks even
atascan rate of 100 mV s~ ' implies that the CuFeS, electrodes have good rate capability [12]. The shape of the
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Figure 6. Cyclic voltammetry profile of CFS 1 to CFS 4 electrodes at various scan rates.

Table 1. Summary of specific capacitance (using three-electrode configuration) of CuFeS, and some
copper-based electrode materials at 10 mV's ™.

S/N Compound Method of preparation Specific capacitance (Fg ™) References
1 CuFeS, hydrothermal 95.28 [12]

2 CuFeS, solvothermal 654.3 [13]

3 CuFeS, hydrothermal 667.0 [9]

4 CuFeS, green synthesis 501.4 [3]

5 CuS sonochemical 62.77 [24]

6 CuSbS, colloidal 34.0 [25]

7 CuSbSSe colloidal 15.0 [21]

8 CusSbS, hydrothermal 60.0 [26]

CV profileis ‘Type B’ CV profile as suggested by [22] categorically. The calculated specific capacitance recorded
at10mV s~ for CFS 1, CFS 2, CFS 3, and CFS 4 is 584.2, 493.4,279.7 and 139.8 F g*l respectively using
equation (2). The increase in specific capacitance is inversely proportional to scan rate because, at a higher scan
rate, there is restricted movement of the electrolyte ions. The trend with which the specific capacitance varies
with the scan rate is shown in figure 8(c).

The C, obtained for the electrodes is considerably higher than the previous reports of Deen et al [23], Sahoo
etal[12], Zardkhoshoui et al [ 13]and slightly lower than the report of Lohkande et al [9] as shown in table 1.
Table 1 shows the summary of specific capacitance (using three-electrode configuration) of CuFeS, and some
copper-based electrode materials.

The CD measurements were also carried out at current densities 1.0 A/g—3.0 A/g shown in figure 7. The
analysis was done in the potential window of 0 to 1.4 V as depicted in figure 6. The nonlinear nature of the CD
profile of CuFeS, confirms its pseudocapacitance nature. From figure 6, the maximum specific capacitance for
each of the electrodes CFS1, CFS 2, CFS 3, and CFS 4 is 537.0, 384.02, 215.1 and 93.17 F g~ ' respectively using
equation (3) at current density 0.5 A g™ .

Figure 8 show the capacitance retention 8(a), EIS 8(b) and specific capacitance variation 8(c). Our work’s
better electrochemical performance is ascribed to the electrodes’ unique structure and morphology, as well as
the electrode material’s direct deposition on the substrate without the use of a binder, which greatly reduced
electrical resistance and superfluous weight.
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In order to check the reaction kinetics and resistances of CuFeS, electrodes in detail, EIS tests were carried
outin the frequency range of 1.0 Hz—100.0 kHz. It is shown in figure 8(b) using the Nyquist plot. Two unique
features can be seen on the electrodes. The first is a small, less prominent arc in the high-frequency zone
(showing lower charge transfer resistance) with linear vertical spikes in the low-frequency region, peculiar to
pseudocapacitors.

As seen from the bloated area of the Nyquist plot, the CFS 1 electrode exhibits the lowest ESR ~ 0.44 €2, and
R 0f 1.8 €2 showing good conductivity. Smaller ESR amounts to better electrochemical performance [3, 27].
Smaller resistance maintained by these electrodes could be as a result of the direct deposition done without
additional inactive material in the form of binder posing more resistance to the ion intercalation [28-30]. R, for
the films increased as the deposition cycles increased [7, 31]. This is a result of the increase in the electrode
thickness [32].

4, Conclusion

CuFeS, electrodes were synthesized via the SILAR method for 1040 cycles without the use of a binder for
adhesion for supercapacitor application. The electrodes showed excellent structural, morphological, optical and
electrochemical features which provided good resistance-free channel for ion intercalation. The CES electrodes
have excellent performance. CFS 1 has the greatest specific capacitance of 537 F g~ ' and 93.5% capacitance
retention after 400 cycles. CuFeS,; electrodes have been shown to be a potential material for use in energy storage
systems.

Acknowledgments

RMO & IA humbly acknowledge NCP for their PhD fellowship (NCP-CAAD/PhD-132/EPD) award and
COMSATS for a travel grant for the fellowship.

FIE (90407830) cordially acknowledge UNISA for VRSP Fellowship award and also graciously acknowledge
the grant by TETFUND under contract number TETF/DESS/UNN/NSUKKA /STI/VOL.1/B4.33.

We thank Engr. Emeka Okwuosa for the generous sponsorship of April 2014, July 2016, July 2018 and July
2021 conferences/workshops on applications of nanotechnology to energy, health &.Environment and for
providing some research facilities.

Data availability statement

The data generated and/or analysed during the current study are not publicly available for legal /ethical reasons
but are available from the corresponding author on reasonable request.

Conflict of interest

Authors have no conflict of interest to disclose.

ORCID iDs

Raphael M Obodo @ https://orcid.org/0000-0001-7418-8526
LuckyITkhioya @ https://orcid.org/0000-0002-5959-4427
FabianIEzema ® https: /orcid.org/0000-0002-4633-1417

References

[1] Yang], Yue M, JuJ, CongR, Gao W and Yang T 2014 Co-molten solvothermal method for synthesizing chalcopyrite CuFe; _,Cr,S, (x
< 0.4): high photocatalytic activity for the reduction of nitrate ions Dalton Trans. 43 15385-90

[2] GuoP,SongH, LiuY and Wang C 2017 CuFeS, quantum dots anchored in carbon frame: superior lithium storage performance and
the study of electrochemical mechanism ACS Appl. Mater. Interfaces 9 31752—62

[3] Nsude H E et al 2020 Green synthesis of CuFeS, nanoparticles using mimosa leaves extract for photocatalysis and supercapacitor
applications J. Nanoparticle Res. 22 352

[4] ObodoRM, Chibueze T C, Ahmad I, Ekuma. CE, Raji A T, Maaza M and Ezema F12021 Effects of copper ion irradiation on
CuyZn, 5, Mny/GO supercapacitive electrodes Journal of Applied Electrochemistry. Springer Nature 51 829—45

[5] Obodo RM, Ahmad A, Jain G H, Ahmad I, Maaza M and Ezema F 12020 8.0 MeV copper ion (Cu' ) irradiation-induced effects on
structural, electrical, optical and electrochemical properties of Co3;0,~NiO-ZnO/GO nanowires Mater. Sci. Energy Technol. 3 193200



https://orcid.org/0000-0001-7418-8526
https://orcid.org/0000-0001-7418-8526
https://orcid.org/0000-0001-7418-8526
https://orcid.org/0000-0001-7418-8526
https://orcid.org/0000-0002-5959-4427
https://orcid.org/0000-0002-5959-4427
https://orcid.org/0000-0002-5959-4427
https://orcid.org/0000-0002-5959-4427
https://orcid.org/0000-0002-4633-1417
https://orcid.org/0000-0002-4633-1417
https://orcid.org/0000-0002-4633-1417
https://orcid.org/0000-0002-4633-1417
https://doi.org/10.1039/C4DT02008A
https://doi.org/10.1039/C4DT02008A
https://doi.org/10.1039/C4DT02008A
https://doi.org/10.1021/acsami.7b06685
https://doi.org/10.1021/acsami.7b06685
https://doi.org/10.1021/acsami.7b06685
https://doi.org/10.1007/s11051-020-05071-7
https://doi.org/10.1007/s10800-021-01543-3
https://doi.org/10.1007/s10800-021-01543-3
https://doi.org/10.1007/s10800-021-01543-3
https://doi.org/10.1016/j.mset.2019.10.006
https://doi.org/10.1016/j.mset.2019.10.006
https://doi.org/10.1016/j.mset.2019.10.006

I0OP Publishing Mater. Res. Express9 (2022) 025501 HE Nsude et al

[6] Ding W, Wang X, Peng H and Hu L 2013 Electrochemical performance of the chalcopyrite CuFeS, as cathode for lithium-ion battery
Mater. Chem. Phys. 137 872—6

[7] Lokhande A C et al 2018 Binder-free novel Cu,SnS, electrode for high-performance supercapacitors Electrochim. Acta 284 80-8

[8] Lokhande A Cet al 2016 Development of Cu,SnS; (CTS) thin-film solar cells by physical techniques: a status review Sol. Energy Mater.
Sol. Cells 153 84-107

[9] Obodo R M, Nwanya A C, Ekwealor A B C, Ahmad I, Zhao T, Maaza M and Ezema F12019 Influence of pH and annealing on the
optical and electrochemical properties of cobalt (III) oxide (Co;0,) thin films Surfaces and Interfaces 16 114-9

[10] Layek A et al 2014 Study of resonance energy transfer between MEH-PPV and CuFeS, nanoparticle and their application in energy
harvesting device J. Alloys Compd. 613 364-9

[11] Deen KM and Asselin E 2018 A hybrid mineral battery: energy storage and dissolution behaviour of CuFeS, in a fixed bed flow cell
ChemSusChem 11 153348

[12] Sahoo S, Pazhamalai P, Mariappan V K, Veerasubramani G K, Kim N-J and Kim S-J 2020 Hydrothermally synthesized chalcopyrite
platelets as electrode material for symmetric supercapacitors Inorg. Chem. Front 7 1492-502

[13] Mohammadi Zardkhoshoui A and Hosseiny Davarani S § 2020 Ultra-high energy density supercapacitors based on a metal-organic
framework derived yolk-shell Cu—Co—P hollow nanospheres and CuFeS, nanosheet arrays Dalton Trans. 49 3353—64

[14] WangM X, Wang LS, Yue G H, Wang X, Yan P X and Peng D L 2009 Single crystal of CuFeS, nanowires synthesized through
solvothermal process Mater. Chem. Phys. 115 147-50

[15] Bhattacharyya B and Pandey A 2016 CuFeS, quantum dots and highly luminescent CuFeS, based core/shell structures: synthesis,
tunability, and photophysics J. Am. Chem. Soc. 138 1020713

[16] Silvester EJ, Healy T W, Grieser F and Sexton B A 1991 Hydrothermal preparation and characterization of optically transparent
colloidal chalcopyrite (CuFeS,) Langmuir 7 19-22

[17] Vahidshad Y, Mirkazemi S M, Tahir M N, Ghasemzadeh R and Tremel W 2017 Synthesis of CuFeS, nanoparticles by one-pot facile
method J. Nanostructures 7 284-91

[18] Tonpe D, Gattu K, More G, Upadhye D, Mahajan S and Sharma R 2016 Synthesis of CuFeS, thin films from acidic chemical baths,” AIP
Conf. Proc. 1728 020676

[19] Jose Eand Kumar M S 2016 Room-temperature wide-range luminescence and structural, optical, and electrical properties of SILAR
deposited Cu-Zn-S nano-structured thin films Nanostructured Thin Films IX 9929 992917

[20] Lokhande CD, Sankapal B R, Pathan HM, Muller M, Giersig M and Tributsch H 2001 Some structural studies on successive ionic layer
adsorption and reaction (SILAR)-deposited CdS thin films Appl. Surf. Sci. 181 277-82

[21] Pathan HM and Lokhande C D 2004 Deposition of metal chalcogenide thin films by successive ionic layer adsorption and reaction
(SILAR) method Bull. Mater. Sci. 27 85-111

[22] GogotsiY and Penner R M 2018 Energy storage in nanomaterials—capacitive, pseudocapacitive, or battery-like? ACS Nano 12 2081-3

[23] Deen KM and Asselin E 2020 The mineral battery: combining metal extraction and energy storage Joule 4 4-9

[24] Krishnamoorthy K, Veerasubramani G K, Radhakrishnan S and Kim SJ 2015 Preparation of copper sulfide nanoparticles by
sonochemical method and study on their electrochemical properties J. Nanosci. Nanotechnol. 15 4409-13

[25] Ramasamy K, Gupta R K, Palchoudhury S, Ivanov S and Gupta A 2015 Layer-structured copper antimony chalcogenides
(CuSbSexS,—x): stable electrode materials for supercapacitors Chem. Mater. 27 379-86

[26] Mariappan V K, Krishnamoorthy K, Pazhamalai P, Sahoo S and Kim S-J 2018 Layered famatinite nanoplates as an advanced
pseudocapacitive electrode material for supercapacitor applications Electrochim. Acta 275 110-8

[27] Obodo R M, Shinde N M, Chime UK, Ezugwu S, Nwanya A C, Ahmad I, Maaza M and Ezema F 1 2020 Recent advances in metal oxide/
hydroxide on three-dimensional nickel foam substrate for high-performance pseudocapacitive electrodes Current Opinion in
Electrochemistry 21 2429

[28] Obodo R M, Nwanya A C, Iroegbu C, Ahmad I, Ekwealor A B C, Osuji R U, Maaza M and Ezema F I 2020 Transformation of GO to rGO
due to 8.0 MeV carbon (C* ") ions irradiation and characteristics performance on MnO,~NiO-ZnO@GO electrode Int. J. Energy Res. 1
-12

[29] Obodo RM, Nwanya A C, Arshad M, Iroegbu C, Ahmad I, Osuji R U, Maaza M and Ezema F 12020 Conjugated NiO-ZnO/GO
nanocomposite powder for applications in supercapacitor electrodes material Int. J. Energy Res. 44 3192—202

[30] Obodo RM, Nwanya A C, Iroegbu C, Ezekoye B A, Ekwealor A B C, Ahmad I, Maaza M and Ezema F 12020 Effects of swift copper
(Cu*")ion irradiation on structural, optical and electrochemical properties of Co;0,~CuO—MnO,/GO nanocomposites powder Adv.
Powder Technol. (https://doi.org/10.1016/j.apt.2020.02.010)

[31] ObodoRM, Onah E O, Nsude HE, Agbogu A, Nwanya A C, Ahmad I, Zhao T, Ejikeme P M, Maaza M and Ezema F 12020
Performance evaluation of graphene oxide-based Co;0,@GO, MnO,@GO and Co304/MnO,@GO electrodes for supercapacitors
Electroanalysis 32 2786-94

[32] Nwanya A C, Ndipingwi M M, Ikpo C O, Obodo RM, Nwanya S C, Botha S, Ezema F I, Iwuoha E T and Maaza M 2020 Zea mays lea silk
extract mediated synthesis of nickel oxide nanoparticles as positive electrode material for asymmetric supercabattery J. Alloys Compd.
822153581



https://doi.org/10.1016/j.matchemphys.2012.09.072
https://doi.org/10.1016/j.matchemphys.2012.09.072
https://doi.org/10.1016/j.matchemphys.2012.09.072
https://doi.org/10.1016/j.electacta.2018.07.170
https://doi.org/10.1016/j.electacta.2018.07.170
https://doi.org/10.1016/j.electacta.2018.07.170
https://doi.org/10.1016/j.solmat.2016.04.003
https://doi.org/10.1016/j.solmat.2016.04.003
https://doi.org/10.1016/j.solmat.2016.04.003
https://doi.org/10.1016/j.surfin.2019.05.006
https://doi.org/10.1016/j.surfin.2019.05.006
https://doi.org/10.1016/j.surfin.2019.05.006
https://doi.org/10.1016/j.jallcom.2014.06.007
https://doi.org/10.1016/j.jallcom.2014.06.007
https://doi.org/10.1016/j.jallcom.2014.06.007
https://doi.org/10.1002/cssc.201800157
https://doi.org/10.1002/cssc.201800157
https://doi.org/10.1002/cssc.201800157
https://doi.org/10.1039/C9QI01335K
https://doi.org/10.1039/C9QI01335K
https://doi.org/10.1039/C9QI01335K
https://doi.org/10.1039/C9DT04897A
https://doi.org/10.1039/C9DT04897A
https://doi.org/10.1039/C9DT04897A
https://doi.org/10.1016/j.matchemphys.2008.11.032
https://doi.org/10.1016/j.matchemphys.2008.11.032
https://doi.org/10.1016/j.matchemphys.2008.11.032
https://doi.org/10.1021/jacs.6b04981
https://doi.org/10.1021/jacs.6b04981
https://doi.org/10.1021/jacs.6b04981
https://doi.org/10.1021/la00049a006
https://doi.org/10.1021/la00049a006
https://doi.org/10.1021/la00049a006
https://doi.org/10.1063/1.4946727
https://doi.org/10.1117/12.2236883
https://doi.org/10.1016/S0169-4332(01)00392-0
https://doi.org/10.1016/S0169-4332(01)00392-0
https://doi.org/10.1016/S0169-4332(01)00392-0
https://doi.org/10.1007/BF02708491
https://doi.org/10.1007/BF02708491
https://doi.org/10.1007/BF02708491
https://doi.org/10.1021/acsnano.8b01914
https://doi.org/10.1021/acsnano.8b01914
https://doi.org/10.1021/acsnano.8b01914
https://doi.org/10.1016/j.joule.2019.12.008
https://doi.org/10.1016/j.joule.2019.12.008
https://doi.org/10.1016/j.joule.2019.12.008
https://doi.org/10.1166/jnn.2015.9594
https://doi.org/10.1166/jnn.2015.9594
https://doi.org/10.1166/jnn.2015.9594
https://doi.org/10.1021/cm5041166
https://doi.org/10.1021/cm5041166
https://doi.org/10.1021/cm5041166
https://doi.org/10.1016/j.electacta.2018.04.126
https://doi.org/10.1016/j.electacta.2018.04.126
https://doi.org/10.1016/j.electacta.2018.04.126
https://doi.org/10.1016/j.coelec.2020.02.022
https://doi.org/10.1016/j.coelec.2020.02.022
https://doi.org/10.1016/j.coelec.2020.02.022
https://doi.org/10.1002/er.5091
https://doi.org/10.1002/er.5091
https://doi.org/10.1002/er.5091
https://doi.org/10.1016/j.apt.2020.02.010
https://doi.org/10.1002/elan.202060262
https://doi.org/10.1002/elan.202060262
https://doi.org/10.1002/elan.202060262
https://doi.org/10.1016/j.jallcom.2019.153581

	1. Introduction
	2. Materials and method
	2.1. Materials
	2.2. CuFeS2 thin film synthesis
	2.3. Characterization
	2.4. Electrochemical studies of CuFeS2 thin films

	3. Results and discussions
	3.1. X-ray diffraction studies
	3.2. Morphological and elemental studies
	3.3. Optical studies
	3.4. Electrochemical studies

	4. Conclusion
	Acknowledgments
	Data availability statement
	Conflict of interest
	References



