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Abstract

Supercapacitors can be called ebtctmsmlcgbleﬂlayr capacitors (EDLCs) or psesdo-capacitors based on ther energy storage
mechanism. Pseudo-capacitors with metal oxide electrodes that transmit electric charge offer great application power but low
stability. This study aims to characterize trisodium citrate (T5C) modified NiCo,0 /GO electrodes as a preliminary study for the
MNiCo,0, nanoparticle pseudo-capacitor. The materials were characterized using SEM (Scanning Electron Microscopy), XRD (X-Ray
Diffractometer), FT-Raman (Fourier Transform Raman Spectroscopy), and FTIR (Fourier Trrnsform Infrared Spectroscopy). All of
these analyses confirmed that NiCo,0, was manufactured successfully using TSC. At XRD, the angles of 26, namely 45.04 and
53.34°, matched the plane of the cubic phase nanorod crystals of MiCo, O, with values of 400 and 51, respectively. In the Rarnan
examination, the presence of iGO, which increased the crystallinity of NiCo,0, nanoparticles, was confirmed. FTIR analysis indicated
that the 1550-1600 cm™ ! corresponds toa C=C functional group in an aromiatic ring or a C=0O - structure, and the wavenumber of
2300 cm~! corresponds to the OH group in TSC, an alkanoate derivative. SEM analysis determined that NiCo,0,, nanoparticles with
1 mmal TSC are the ideal matenal for supercapacitor electrodes, as the structure is the most uniform, soft, and tidy. Further analysis
is needed to confirm the stability of the modified material

MiCo,0,, rGO, Trisodium Citrate, Supercapacitor, Pseudo-capacitor

49
Received: 9 Decernber 2072, Accepted: 5 Manch 3003

httpa: ffdal  or gl 10 26658 &1l . J0F3 .8 1. 243- 25)

1L INTRODUCTION

In this mwdern age, the advancement of koowledge inech-
nology has a signilicamt impact on human existence, The in-
ereasing populiation and @ more wasteful lifesivle have led 1o
ancinerease inenergy demand. To satishy this demand, enor-
mots gquantities of fuel must be sappliod ana premiom price,
Due o insullicient stomge technology, a significant smount of
generated energy is wasted. Current energy storage micthods
are prohibitively expensive or enviromentally hazardous in
nmerots ways (el et al, 2020), Therefore, more research
and developiment efforts are required 1o idenmtify renewahle
energy sources that are efficient, cost-effective, and environ-
menially frendly (Bl e al, $028). One is the invention of a
device For storing and wilizing energy. Several advancemenis
i energy stomge anid conversion technology, sueh as solar cells,
[uel cells, ecompressed hydrogen, supereapaciton, and batieries,
have been made over the past two decades 1o use sustainable
energy storage ad conversion sveiems professionally (Feo anid

Huang, 20022),

Based on their environmental amd economic benefis, the
deviee components (electrodes and electrolytes) should ideally
b seve ssilibe ina straightforward, ceomomical, and emwvironmen-
tally friendby manner with the appropriate final characteristics
(8 et en al,, 206200, The primary requirement for electrical
energy devived from renewable resourees is an efhicient enengy
storage system (ESSL Bateries and supercapacitors are the
sl in-demand forms of energy stosage in the currenn digieal
era (Seng o al, 2028), A supercapacitor or electmchemical
capacior iy an clectrie double laver that serves as an energy
storge deviee based on the charging and discharging of the di-
electrie interface electrode (VWang ecal,, 20005) . Supercapacitors
oller a high-power density, the capacity 1o charge quickly, store
LO=100 times more energy tan batteries, and long service life
(= 100,000 eyedes) (St and Gogetsi, 20200, Based on their
energy storage welnigue, supercapacitors can be called electm-
satic double-layer capacitors (EDLCs) or pseudo-capacitors
(Winter and Brecd, 20004, EDLC capadtors are typically
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wiilized in low-power applications (Karthikevan o1 al,, 2021,
using activated carlon electrodes that have a wide surface area
1o store electric charges a0 the electmde/dlearalyte interface,
such as carbon hber, carbon acrogel, graphene, and carbon
raanotubes (Jiang e al, 2008), The capaciior's power density
and stability are excellent, but its specific capacitanee is poor
(Faruji and And, 2015).

With metal exide clectrodes whose elearic charge transfer
is hased on reversible Faradaic processes (Saph and Erdem,
2009, including redox processes on metal oxides, reversible
adsarption, and reversible ehearochemical doping oo conduc-
tive polvimers for electmdes, pseude capacitors have a high
application power (Abduh et al,, 20200, These capacitors gen-
erally have a greater energy density and specific rmmriln'
than EDLCs but lower stability (M analo o ol 2022 Shi @l
201 1k b order ta improve the perdformance of ihe pseudo-
capacitor, more research is reguired.

Transiion metal oxides, such as BuCy, Moy, CogOy, aod
Nicd, are regarded as the most promisng candidate for pseudao-
capracilors due 1o their capacitanee, which s many times that of
earbon materials (Rarimi e al, 20221 Using XNi and Co ions,
NiCog(ly can currently be utifized as a supercapacitor elec-
trovle with extremely high performance. Additionally, these
electmdes are abundant i naiure, coo-Mmendly, and possess low
ity (han et al, 2022), According to Lin et al. (2021), nickel
anid cobalt-hased oxide/hydroside composites are commaonly
employed as electrode precursors as a potential cost-effective
substitute for REER:. In recent vears, NiCoyO) has gained sig-
nilieant interest as an clecmode material for high-perfonmance
supercapacitons, as it has been developed (o be optimal lor this
purpose. Furthermore, according te various earlier investiga-
tions, NiCoyOy lias superior electrical conductivity over NiO
aned CogOy (Lew oval, 201U),

Many studies have been conducted on transition metal ox-
ides, hinary transition metal oxides, and their combination with
rla0) for producing energy storage deviee materials (W g el
2015), Graphene is s exciting lorm ol arbon due 1o is high
volume-to-surface ratio and high conductivity, Tt possesses
important qualities for achieving high energy storage capacities
and power densities in supercapacitors. As a material for energy
storage, graphene's Hexibility and elecirochemical propenices
have been intensively investigated (Nakhodelari e al., 2023),
Metal-based rGO ninocomposites have eflectively exhibited
multiple applications, such as sodivm-ion batenes, hybeid so-
percapacitors, wastewater treabiment, and photocatalytic prop-
erties. r0) also supports vapid faradic oxidation-reduction
processes at the clectrode surface, which adeds 10 a high en-
ergy density relative to carbon-hased materials and a significant
charge storage (Saikia e al., 20020).

To mmaxiemize the performance of NiCog Oy supercapacitors,
additional work ts requirved 1o boprove their stability, Diverse
nanostructures can be fabricated using hydrothermal, diemical
iminersion deposition, adsorption, amd lon coating reactions.
These syithesis technigues cin control the shape and size of
ranopartiches. During the synthesis process, organic capping
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agents such as polvethvlene-glyveol (PEGY polvvinylpyreoli-
doge (PVEY, and trisodinm citrate (TSC) alier the shape of
nemormaterials (Dong et al, 2011, Trisodivm citrte has been
used extensively as a form guide in abricating several metal
oxide nanostructures (laet o, 20000, X et al (2012) man-
ulaciired mesoporous -Ni(OH) g and NiO nanosple res using
armnonia and eitrate using a hvdrothermal metod Deated a
100 -°C Tor 24 hours; the nanospheres exhibived a specific ca-
paciiance of 290 F g U With the addition of trisodivm cit rate
1oy hiemrehical NiC nanasplweres, o e al (200138) discove
that the supercapacitor has a very ligh performmance with a
specilic copacitance ol 463 F g~ al 4.5 A g~ (90% gy
In contrast, NiC» withow risedium citrate only has a specific
capaciianceof 182 Fg ' w4508 "

This iy applicd rrisodiom citre (o NiCogO) nanomare-
ral electraddes as supercapacitor material. Therelore, (his siudy
aims Lo characierize the musdibed material Tor lorther use as a
supercapmcitor miterial, Clusacterization wests conducted with
vartous instruments determined the morphological strudure
and the successiul synthesis of NiCo,O) with trisodium dirte,
As a preliminary study, this current siudy does not provide a
test for supercapacitor application as the relevam study must
ber separated sinee it needs comprehensive related tests:

2, EXPERIMENTALSECTION

2.1 Materials and Inst ntal

The materials used were nickelI1) nitrie hexahvidmie (NGNS

b BHGO), cobali( 1) nitrate hexahydmite (ColN Oy o -GH 00,
srnmmaonium | ide (NLLF), trisodinm citmte (NagCH L04),
concentrled sullude acid (HyS0 ), phosphoric acid (H, PO,
graphite powder, potassium manganate (KMnO ) hydrogen
peroxide (HyOh), anmmonium hydroxide (NH O, sodivm
hydroxide (NaOH), and ethanol (CyHOH ) These materi-
als were obtained from Merck, Germany,  Meanwhile, the
istruments used Tor the charactefzation of hegCaoy0 sam-
phe with wisediom citsate (TSC) were SE canning Elec-
tren Microscope, FED Quania G50 }‘Eﬂfﬂu}' Dhiffraction
(XRD, Philips XRD X Pert M5, Fourier Transtorm Raman
Speetroscopy (FT-Raman, RAMAN iHR320 HORIBA), and
Fourier Transform Infrared Spectroscopy (FTTR, 82001 PC
Shimadau),

22 Methods

22,1 Synthesis of NiCoy O with TSC

The manufacture of NiCoyCly with trisodium citrate (TSC)
adheres 1o the method developed by Paliwal and Meher (2020),
With steady stirring, 35 ml of diloe NigNCOy) o GH 0 (2
el ) solution was mixed with 55 ml ol dilute Cod MOy 4 G,
O (6 mamal) solution. A 30 ml. agueous solution of NHF (16
mmol) and varying amounis of TSC {05, 1, and 2 munol)
woere sequentially added o the mixtore (see Table 1) Using
ann apueons. NaCOH solution (1O MDY, the pH of the resultant
solution was raised to 11 The solution was heated a 160°C
(50 min™ ') for 24 howrs inan autoclave coated hmtrﬂnu
arul staindess steel. The produa in the aiodave was cooled 16
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ambiaent temperature, and the precipitite formed was washed
sequent ially with water, a combination of waie | ethanod,
aned 100% ethanol using a S000 rpm centrifuge. The produe
was subsequently dfed at GO in a vacmm oven, and the
resulting product was treated o a 3-howur heat treatment al
850°C (using a heating path of 5°C min™") under an ambicnt
atmospliere. A black powder product identified as NiCog O3
with TSC was ohtained. NiCogtdy withou TSC, also known
as NiCogld, pristine, was used for comparison,

2.2.2 Synthesis of N-r(GO {Reduced Graplene Oxide)
N-rGO wis produced using the streamlined Hummers metlhaod
(SHM) In the birst step, 2 g of ine graphite powder was agi-
tated slowly i oa 921 (v/v) solution of concentmied HgSOd and
HL PO, an S0°C for two hours, Slowly, 9 g of solid KMnc),
was arlded 1o the colloid, amd the solution was heated m 5000
for 15 hours, Adver the reaction, a brown colloid wis Tormed,
vapidly coaled to 1OC, followed by the dropwise additon of
HaOhy solution (5 mL) with continual stirving. The resulting
brown colloid was rinsed with distilled ws 0% HOL and
POOX ethanol, The resuliant substance is doed in a vaomom
oven al GG for T2 hours. In the secomd stage, 150 mg GO
was dispersed in 30 mb water using ultrmsonication, and then 8
mb of NHOH solution was gently added 1o the resulting GO
suspension, The resultant suspension was then awtoclaved ai
1R0°C for 12 hours, separmted wsing a centrfuge ot 5,000 rpam,
aned washed with water, a water-cthanol (gfgure, and 100X
ethanol. Chvernight, the fnal product was deed ina vaeaam
evieti sl GOGTTE obiained product was eventually ibeled s
M-rlal),

Table 1. Viriations of TSC Composition in NiCog(,

Compuosition of NiCoO, : rGO :TSC

Sample Label froomial © mmol @ mmol)
Pristine 1: 1: 00

Ll TSC 1: 1: 0.5

1 il TSC 1r1: 1

2 mimol TSC 1: 1:2

4. RESULTS AND DISCUSSION
3.1 Fabrication of NiCog0, Nanoparticles with T5C

The widespread nse of NiCogQ)) manosheets as the primary
material for supercipacitor elearodes has been accompanied
by low stabality, This current study used TSC as a delayed
chemical deposition agem on Ni** and Co® in conjunction
with NH F as a pseudo-capping agent, a molecule that prevenis
particle aggregation under hydrothermal conditions (Jiang ¢ al,
2022y, Figuee 1 depicts aschematic of te syrithesis of NiCog()
using TSC as @ supercapacitor material. A 150°C, Ni¥*
Co™ joms combine with OH™ fons 1o genemte NiCo precursor
erystallites. Additionally, adding OH~ jons causes Co®* jons o
precipitate into Col€3H )2 slowly, generating nascend erystalliles
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Figure 1. Manulacturing Seheme of NiCogO) Nanoparticles
with Trsodivm Citrae (TSC)

distinet from the Co precursors (Lamibu e al,, 2022), During
the process, the pseudo-capping agent INHF) decompaoses,
reducing the pH and producing a new crvstal precursor called
Co/CoXNi o addition, Osiwald's slow anisotropic rpening
theory was utilized to determine the transition of Co/ NiCo pre-
cursors into sheel precursors (Cha et al,, 2022), Due to high
ions, stacked nanoshects capable of reducing hydmogen bonds
between layers (Blhurdway sl Jha, 20200, FT-Raman tests on
GOV GOY and SEM, FTIR, and XED alvsis on the obiained
waterials were perfonned o validate the phase and miderostroe-
tural properties of the syothesized materials,

3.2 SEM Characterization

The oljective of the SEM analysis is 1o obsernve the morphol-
opy ol NiCoyOp with TSC a0 1 g magnification. Figure 2
demonstrates the wsults of the SEM analysis. According 1o
SEM images in Figure 2, NiCogO)) namoparticles have aeon-
sistent nanowire-like structure, In agreement with the indings
ol R et al, (2022), NiCoyt), manowires are embedded in
a homogenous nanoparticle amework, The advantages of
this homogeneous structure can lead 100 short lon transport
lengtly ansel s Jarge specihic surface area, rwesulting e the growth
of contiguous elecirolvte domams. Alwer the addition of TSC
1o the NiCogO) ) nanoparticles, it was discovered that the adddi-
tion of (1.5 mmol TSC resulted noa very messy morphaologieal
structure (Figure 2b), the mddition of 1 mumel TSC resulied i
a neat, more unilorm struciure that resembled asolid crysial
(Figure D), and the addition of 2 mmol TSC resulted in the
largest structuire. However, the nanoparticles’ erystal elavity of
2 mimol TSC sumple was poorer than that of 1 mmel TSC sam-
phe (Figure 2.d). According 1o O/ Tor e ol {2021), the denser
the morphological structure and the greaier the panicle size,
the higher the TSC addition concentration. Therelore, adding
1 mmal TSC 1o NiCoy Oy nanoparticles produces the ideal
morphological shape, 8s the structure becomes denser, sofier,
and more regular.

4.3 XRD Chamcterization
XRLDY anabysis aims 1o determine whether or not NiCog(),
nanopariichs comain TSC qualitatively, Figure & illusirenes

Page 247 of 251




Manalu et, al,

Figure 2. SEM lnages of {a) Pristine, (b) (L5 mmal TSC, (0) 1
mmal TSC, and (d) 4 mmaoel TSC

the XRD pattens, According to Figure 3, almost all of the
data do not exhibit differences, or their chamaeristic peaks
hund the same pattern, excepl for the pristine sample, which
adiding TSC does not alier or degrade the ervstallinity of the
NiCaoy )y nanopartiches but somewhat improves i, The SEN
analysis confirmed that adding 1 mimel of TSC resulied ina
consistent, onderly, and siooth arvangement of nanoparticles.
The XRDY dilfraction patterns al 20 angles, 45,04 and 53.34°
fit the plane of the cubic phase NiCoyCyy nanorod crysials
with values 410 and 5311, respectively, as conhirmed by JCPDS
card no, 20-0781. Acconling to research by Salarizadel e al
(20200, the angles of NiCog(O)) nanoparticles at 28 are 44,54
andd 316" Even though just two signiheant peaks are eviden
ont the dilfmctogeam, it may be assurmed e the klentification
of TSC on NiCoy O was ellective, indicating that it did no
disrupt or alter the crystalline siructnre of NiCog(ly, Avcording
1o Figure &, the XiCog) /rGO composite exhibited no carbon-
related distinctive peaks inits XRD pattern, This is owing to (e
ability of NiCogtd) 1o divninish the strength ol vGO diffraction.
In acldition, FT-Raman spectrom analysis demeonsines the
presence of rGO (D e al,, 2016).,

4.4 Raman Characterization

rGO) and GO were analyzed with FT-Raman equipment 1o
determine the nature of the bonding, Figure 4 displays the
results of the FT-Raman spectroscopic analysis. Acconding 1o
the investigation resulis, e distinetve spectea ol fGO and GO
are very characteristic around T3GO (1 band) and 15395 (G
band) em~! for the Raman shift. This shows that rGO and
GO molecules contain C=C double bonds. The peik ol the
Raman G band results from the insplane motion of sp? carbon,
whereas the peak of the Raman I band resulis Trom out-of-
plane (sp) vibrations (Salarizadeli o al, 20200, In contrast,
the strength of the rGO peak in the Raman spectnmm is greater
than that of the GO peak. This is consistent with Ak e al

20723 The Authors,

Science and Technology indenesia, B (2023) 245-251

2 mmol TSC l L
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‘l'_ﬂ_ 1 mmal TSC I L
=
7]
b
E 0.5 mmal TSC I l i
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Figure 3. XRD Patern of Pristine (black), 0.5 mmaol TSC (red),
1 mimed TSC (Blue), and 2 el TSC (pink)

(20223, whe commpared rGO and GO using Raman instruments
and revealed C=C honeds with greater peak intensities in 1O,
Adding GO to NiCogO)y nanoparticles is intended to improve
their electrical eonductivity by faalitaiing charge transfer and
promaoting unilonm material development (Singh et al,, 20200,
The synergistic impact of NiCoy O sheet and rGO facilitares
rapid electronie diffusion, heoee enhancing velocity capabiliny
andd surface activity for charge storage (Jlang of ol., 2018). This
is also consistent withy the hndings of P e al, (2006), who
foumd thar vGOY addition on NiCog Oy of supercapacitors can
reach a power conversion efficiency of 6.1 7%, but withom rGO,
it is only 5215, Withowt rG0 on NiCoyOy nanobels, they
tendd 1o congregate and ereate sarciniform patterns mther than
spread out, Wit the addition of #GO, e NiCogOy nanopar-
ticles dispersed equally across the graphene sheet. In adedition,
due 1o the presence of GO, the composite’s efficiency amd
stability are enhanced.

4.5 FTIR Characterization
Funetional groups in NiCoy() nanoparticles were identiied
wsing FTIR before and after the material synthesis. Figure 5
illustrates the FTTR resulis of the modifed NiCog()) hefore
anil after the addition of TSCL Comparing the FTTR spectr be-
fore and alter e addition of TSC reveals that some vibration
spectra shifl o longer or shorer wavenumbers while others ap-
pear. At wavenmimbers of 1350- 1600 em ™", it is either a C=C
funetional group inan aromatic ring or a C=0) 7-8 struciure,
a bond Fromy rGOY Choomn ef al,, 202220, This was strengthened
by pristine, NiCoygO rGO nanoparticle, while adding 0.5, 1,
andd 2 mmol causes a shifi, and the peak of the C=0 landional
group weikens or competes with TSC, whidh possesses the
G=0) functional group. A possible cause is the existence of a
TSC molecule thar degrades rGO), allowing TSC w predom-
imate. A peak conlirms this assertion @ around 2800 e~
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—rGO

Intensity (a.u.)

500 1000 1500
Raman Shift (em’)

Figure 4. FI-Raman Analysis on e300 (blek) and GO (red)

2000 2500

corvesponding o the OH group in TSC, an alkanoate deriva-
tive, More moles of TSC added 1o NiCogO)y nanopsrticles will
result in sharper peaks, The 2 munol TSC las the clearest peak
IR spectnun compared 1o the others. At arowsd 1500 e~ a
tiny peak corresponds 1o the Co-0 hond in NiCogOry (hinan
et al.,-202d).

Fhe hunctional groups on NiCog0) nanoparticles contain-
ing r0) as pristine and TSC mey be detected using FTIR
analysis. Assuming that TSC has been effecively produeed on
NiCoyu Oy nanaparticles, the resulis of other characterization
experiments witly different instruments have also been evalu-
ated. However, additional wsting is required 1o determine the
stahility of NiCioy0) y nanoparticles with TS,

2 mmol TSC

M
0.5 mmaol THC

___ Pristina “"—M
—

Transmittance {a.u.)

4000 3500 3000 2500 2000 1500 1000
Wavenumber (em’')

Figure 5. FTIR Spearea of Pristine, TR mmol TSC, 1T mmal
TS, and 2 mmol TSC
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4. CONCLUSION

The characterization tests conducted using SEM, XRD, F1-
Raman, and FTTR imdicate that NiCog(dy has heen success-
fully synthestecd wilizing TSC, A XRD, the angles of 26,
namely 4504 and 58347, matched the plane of the cubic phase
nanorod erystals of NiCogO ) with values of 400 md 511, re-
spectively. In the Raman study, the presence of vGO), which
increased the erystallinity of NiCog()y nanopartides, was con-
firmed. FUIR analysis determined that the 13501600 cm™!
correspands (o a C=C [unctional group in an aromatic ring
or 4 C=00 w-x structure, and (e wavenumber of 2300 ¢m™!
corresponds o the OH group in TSC, which s an alkanoare
derivative. SEM analysis determined that NiCogO)y nanopir-
ticles with 1 mmol TSC are the besi-comparing material for
supercapacitor electrodes, as the stniemee is the maost uniform,
solt, andd tiely. I addition, il the energy is stable, it is possi-
ble 1o stabilize the structure 1o store energy anmd process heat,
Therefore, Turtler analysis is needed o confinn the stabiliy of
the olwained materals.

5. EE:KNDWLEDGMEMT
The auihors would ke 1o thank the Physics Laboraony of Uni-

versitas HEBP Nomanensen Pematangsiantar and the Physics
Laboratory of the National Besearch and Innovition Agency
(BRINY for providing Facilities and instrumental analysis in this
research,

REFERENCES

Al LA ACM., N, Ho N Azman, 5, kolandaivalu, and
Y. aiman (20200, Review of the Use of Transition-
metal-oxide and Conducting Polymer-hased Fibres Tor High-
performance Supercapacitors.  Materiols & Design, 186;
JLEL AR L

Aksu, 2., GO HCSalin, and MO Almvahogla (2022), Falri-
catiom ol Janus GOVAGO) Humidity Actuator by One-step
Electrochemical Reduction Rowte, Sensors and Actuators B:
Chemica : 131198

Aman, 5., MOZD Ansard, M. Abduliah, A0G Abid, 1. Bashir,
M.LL Nisa, S, Manzoor, A M. Shawky, 5. Znaidia, and
H. MUT. Farid (2092). Facile Syniliesis of CoCGo204/1GO
Spinel Nanoarvay as a Relwst Electrode for Evenry Storage
Devices. fnorganic Chemistry Communications, 146; 110136

BhardwggR. and K. Jha (2020).  Trisodivm Citrate As-
sisterl Morphology Controlled Svnthesis of Nickel Sulphide
Nanoparticles with Enhanced Cyvelic Stahility as Carbona-
ceous Free Electrode Material.  Materials Chemisry and
Phivsics, 255, pRA3581

Bl M. Y., S, Hashmi, M. Khan, D, Chot, and A Qurashi
(202:8), Frontiers and Recent Developments on Superca-
pewcitor's Materials, Design, and Applications: Trnsport and
Power System Applications. Jowrnal of Energy Storage, 58;

T T
Cha, L,%, Z. Jiag e Liw, 8. Zhouw, Q). He, H. Du,
and G W 2 Tunable Defects and Interfaces of Hi-

Page 249 of 251




Manalu et, al,

48

erarehical Dandelion-like NiCo2004 gﬂnwﬂd Ripening
Process for high-elhiciency Electromagnetic Wave Absorp-
won, { Engineering Journal, 429; 102547

Dong, W, LiAn, X Wang, B. Li, B, Chen, W, Tang, C.
ardl G, Wang (201 1), Controlled Svnthesis and Morphology
Evolution of Nickel Sullide Micro/nanosiructiure, Joernal of
Alloys and Componnds, 5095, 2170-2175

D, F., X, Zoo, Q. Yang, B, YpRe, G Li, . Tang, H. Zhang,
M. W, and Y. Ma (2016 The Stabiliznion of NiCoa204
Nanobelts Used for Catalvaing Trilodides in Dyve-sensitized
Solar Cells by the Presence of RGO Sheets, Solar Energy

pfninn'ak winid Solar Celly, 149; 9-14

araji, 8. aned FONL Ani (200.5). The Development Supercapac-
itor from Activated Carbon by Eleciroless Plating—a Review,
Sustainable Energy Reviews, 42; 823-844

Han, 1., PoXi, X, Jing, ). Wang, P. Yan Shen, J. Lin,
1 Semg, 7. Gan, and M. Zhang (2013). Trisodion Ciiraie
Assisted Syvihesis of Hievarchical N Nanospheres with
Improved Supercapacitor Performance,  Jowrmal of Power
Sourresgpy 5; 45-54

Jiang, .. Y. Zhang, P. Nie, G. X . 5hi, ]. Wang, Y. Wu,
R. Fu, H. Dou, and X. Zhang (2018} Progress of Nanos-
tructured Electrode Materials for Supercpacitors, Advanced
Sustar Svstems, 2013 1700110

Jung, M., Lo Zha, Q). Zhao, G. Chen, Z. Wang, J. Zhang,
L. Zhang, |. Led, and T, D (2022), Novel Synthesis of
NaY-NH4F-Bi258 Compaosite for Enhancing lodine Cap-
tre, Chemical Engineering Jowrnal, 448; 1836477

karim, F,, 5 ko, C. Rarmman, €8 kamman, and
L. A harper (20221 Engineering of GO/MWONT/RuO2
Termary Aerogel for High-performance Supercapacitor, Frel,
329; 12539

Rarthikevan, S., B, Narenthiran, A. Sivananitham, L. D. Bhatlu,
and T, Maridurai (2021), Supercapaciior: Evolution and
Review, Materials Taday, 46; 3984-3088

kam, 13 K, )L G Hong, . Kweon, Gl Saced, I. Kim, . Lee,
and M. C. Kang (2022}, Spine] NiCo204 Nanowires Synthe-
sized on Ni Foam as Innovative Binder-free Supercapacitor
Eleairodes. Matertnls Clemstey and Plosies, 291; 126718

amba, P, P. Singh, P P. Singh, A. Kumar, M. Gupta,

anad Y. Kammar (2022). el Advaneements in Supercapac-
itors Based on Different Electrode Materials: Clasifuntions,
Syuthesis Methods and Comparative Perlorance. Jowrial
of Energy Storage, 48; 103871

Lee, I3, Ko S, Kim, | MERn 5. Y. Yoon, S, Mathur, H. C,
Shin, and K. H. Kim 191, Synergistic Effeas of Dual
Nano-tvpe dlectrode of NiCo-nanowire/NiMn-nanoshect
for High-energy Supercapacitors, Jomal of Allovs and Com-
o 9 119=124

Liu, R., A-Zhou, X. Zhang, |. Mu, H. Che, ¥. Wang, T. T.
Wang, Z. Fhang, and 2. Kou (2021). Fundamentals, Ad-
vanees and Challenges of Transition Meal Compounds-
based Supercapacitors., Cheratcal Engineering Journal, 412;
128611

Manalu, A, K. Targan, S, Homaidi, M Ginting, and 1P Man-

& 2073 The Authars,

Science and Technology Indonesia, B (2023) 245-251

alu (2022). Em of Surlace Avea on Electrical Properties
of NiCo20d-redueed Grapliene Oxide Nanocompesites Tor
Supercapacitor Electrodes Applications. Matertals Science for

w Tcbnlogiss, 5; 444451

hta, S., S. Jha, and H. Liang (2020). Lignocellulose Mate-
rials for Supercapaciior and Battery Elecirodes: A Review.
Renewable and Sustan Energy Reviews, 134; 110345

Majib, S. and E. Erdemn (2079)% Current Progress Achieved in
Novel Matenals for Supercapacitor Flecirodes: Ming Review,
Nanosile Ad 1(8); 2817-2827

Nakhodelard, M. M, ML SEl, and M7 T Moglodam
(20281 Temary MoCo2O04/MWOENT/AGO Nanocom pas-
ites as High-perfonmance Supercapacitor Electrode Materi-
als. Journdg@yR Phyvsics and Chemistry of Selids, 174 111170

Offar, I, 5. Ude, G, Whyie, F. Otung, 1. Madiba, A, ir,
N, Thovhogi, B. Okorie, and F. L Ezema (2021), Elleat
of Concentration of Trsodivm Citrate Complexing Agent
o Spray-synihesized ZnS Thin Filns. Materialy Today:
FProceadings, 36; 183-140

Paliwal, M. k. and 5. K. Meher (2020), CoB O4/NiCo2004
Perforated Nanoshedts for High Encrgy Density All Solid
State Asymmetric Supercapacitors with Extended Cydic
Subility. ACS Applivd Nano Materials, 3(5); 424 1-4254

Ren, He and €. Huang (2022), Progress in Electrode Modihi-
eation of Fibrows Supercapacitors. Jowrmal of Energy Storage,
A6; Erpiae

Saikia, BoK., 5. ML Benoy, M. Bora, |. Tamuly, M. Pandey, and
D Blatiachana (20200, A Briel Review on Supercapacitor
Energy Storage Devices and Ulilization of Natural Carbon
Resources as $hwir Elecirode Materials, Fuof, 282: 118796

Salarzadeh, P, MLB. Askard, M. Seill, 5. M. Boeaid, and 5, 8.
Eisazadel (2020). Pristine NiCo204 Nanorods Loaded
G0 Electmde as a Remarkable Elecivode Material for
Asymmetric Supercapacitors. Marerials Science in Semicon-
ductor Processing, 114; 105078

Shi. W., [, Zhw, 13 HL S, Yo ¥, Taw, 2. Lu, X, gEyng,
Y. Sharma, M. Srinivasan, H. Zhang, amd FL HL Hog (20710
Achieving High Specific Charge Capacitanees in Fe 3 0 4/e-
duced Graphene Oxide Nanocomposites, Jowemal of Materials
Chemiztry, 21(10); 3422-3427

mmon, Poand Y. Gogotsi (20200 Perspectives Tor Electro-
chemical Capaciiors and Related Devices, Nature Materials,
19(11); 11 1163

Singh, A S RoOjla, and A0KOOjha (2020). Fasle Syn-
thesis of Porous Nanostroctures of NiCo204 Grown on
G0 Sheet for High Performance Superaapacitors, Swithetic
Mriak, 2 I 16215

Wang, |., 5. o Feng, Y. Yang, N. Y. Hau, M. Munro, E. Fer-
reima Yang, and G Chen (2005) “Thermal Charging” Phie-
nomnenon in Electreal Double Layer Capacitors. Nung Let-

s, 1500); STR4=57490

miter, M. and R. J. Brodd (2004), What are Batteries, Fuel
Cells, and Supercapacitors?  Chemical Reviews, 104010},
42454270

King, 5., Q. Wang, 2 Ma, Y. Wa, and Y. Gao (2012). Con-

Page 250 of 25!




Manalu et, al,

trolled ?*Z'nlhnis ol Mesoporous #-Ni (OH) 2 and NiQ

Nanospheres with Enhaneed Electrochemical Pedommance.

Materials Research Bullevin, 4719); 21202125
Zheng, Ho, X, D, Q) Lin, K. O Y. Cao, X Fang, Q. Fu, and

20723 The Authors,

Science and Technology Indanesia, B (2023) 245-251

Y. Sun (2023), Sell Healing and Wide Temperamre Tolerant
Flexilibe Supercapacitor Based on Termary-network Organe-
hydmgel Elecimbie, Intermational dowrnal of Hydrogen Energy,
b T e R R

Page 251 of 25!




Characterization of Synthesized NiCo204 with Trisodium
Citrate for Supercapacitor Material: A Preliminary Study

ORIGINALITY REPORT

19, 11« 13« 74

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Bishweshwar Pant, Gunendra Prasad Ojha,
Jiwan Acharya, Mira Park. "Graphene sheets
assembled into three-dimensional networks
of carbon nanofibers: A nano-engineering
approach for binder-free supercapacitor
electrodes", International Journal of
Hydrogen Energy, 2023

Publication

(K

Haiqgiu Fang, Dezhi Li, Mingyao Zhao, Yang
Zhang, Junwei Yang, Kai Wang. "Research
progress and prospect of hybrid
supercapacitors as boosting the
performance", Energy Sources, Part A:
Recovery, Utilization, and Environmental
Effects, 2022

Publication

(K

Rui-Li Yu, Qian-Fan Li, Hao-Ran Sun, Zhen-Le
Li, Liang-Zhi Xia. "Investigating the impact of
amine-functionalized ZSM-5 with varying Si/Al
ratios on the adsorption of radioactive

(K



gaseous iodine", Microporous and
Mesoporous Materials, 2024

Publication

Yan-Fang Du, Jun-Qi Fan, Wen-Hui Zhou,
Zheng-Ji Zhou, Jie Jiao, Si-Xin Wu. " One-Step
Synthesis of Stoichiometric Cu ZnSnSe as
Counter Electrode for Dye-Sensitized Solar
Cells ", ACS Applied Materials & Interfaces,
2012

Publication

1o

www.combustion-engines.eu

Internet Source

(K

www.scientific.net

Internet Source

(K

=0

Lin Cai, Jinni Zhang, Longhao Teng, Haiyang
Wang, Guozhen Fang, Shuo Wang.
"Ultrasensitive molecularly imprinted
electrochemiluminescence sensor based on
highly-conductive rGO-COOH synergically
amplify TCPP luminophor signal in aqueous
phase system for “switches-controlled”
detection of tryptamine", Sensors and
Actuators B: Chemical, 2022

Publication

<1%

WwWw.piers.org

Internet Source

<1%




Muhammad Aadil, Sonia Zulfigar, Muhammad <1 o
Shahid, Philips O Agboola, Sajjad Haider, ’
Muhammad Farooq Warsi, Imran Shakir.

"Fabrication of Rationally Designed CNTs

Supported Binary Nanohybrid with Multiple
Approaches to Boost Electrochemical

Performance", Journal of Electroanalytical

Chemistry, 2021

Publication

ilﬂ?ﬂm;ggred to University of Hong Kong <1 o
iite)nirglgzred to University of Warwick <1 o
eoeaerite <1
g globalcom <1y

—
N

Bin Zhang, Xingchen Ye, Wei Dai, Weiyi Hou, <1
Yi Xie. "Biomolecule-Assisted Synthesis and
Electrochemical Hydrogen Storage of Porous
Spongelike Ni3S2 Nanostructures Grown

Directly on Nickel Foils", Chemistry - A

European Journal, 2006

Publication

Submitted to National Institute of Technology <1 o
0

Warangal
Student Paper




N
(@)

couns-promo.mnit.ac.in

Internet Source

<1%

Submitted to Texas A&M University, College <1 o
Station
Student Paper
nenanaenet <1
Biraj Kanta Satpathy, Arpan Kumar Nayak, C. <1 o
Retna Raj, Debabrata Pradhan. " Morphology-
dependent charge storage performance of Co
O nanostructures in an all-solid-state flexible
supercapacitor ", New Journal of Chemistry,
2019
Publication
Hu, C.C.. "Two-step hydrothermal synthesis of <1 o
Ru-Sn oxide composites for electrochemical ’
supercapacitors", Electrochimica Acta,
20070320
Publication
Mehar Un Nisa, Soumaya Gouadria, Sara <1 o
Houda, Karam Jabbour et al. "Coral like
gadolinium doped hematite nanostructure as
stable and robust electrocatalyst for oxygen
evolution water splitting", Fuel, 2023
Publication
iignmlggfad to Wesley Institute <1 o




Xiubo Xie, Xiujuan Ma, Peng Liu, Jiaxiang <1
Shang, Xingguo Li, Tong Liu. "Formation of %
Multiple-Phase Catalysts for the Hydrogen
Storage of Mg Nanoparticles by Adding
Flowerlike NiS", ACS Applied Materials &

Interfaces, 2017
Publication
acsi-journal.eu

InternegSource <1 %
dadospdf.com

Internet SoErce <1 %
Submitted to Universitas Jenderal Soedirman

Student Paper J <1 %
lutpub.lut.fi

Interlget Source <1 %
spiral.imperial.ac.uk

InIt:?ernetSourceEJ <1 %

www.nature.com <1 .
Internet Source /0
kups.ub.uni-koeln.de

InterFr:etSource <1 %

Abdessamad Najim, Bouchaib Hartiti, Herveé <1 o

Joél Tchognia Nkuissi, Hicham Labrim et al. "A
Comparative Study of the Structural and
Optical Properties of ZnS Films Deposited by



Spray-Pyrolysis Technique", Crystal Research
and Technology, 2023

Publication

Cui, Rongrong, Wencong Lu, Liangmiao <1 y
Zhang, Baohua Yue, and Shanshan Shen. ’
"Template-Free Synthesis and Self-Assembly

of CeO, Nanospheres Fabricated with

Foursquare Nanoflakes", The Journal of
Physical Chemistry C, 2009.

Publication

Divya Singh, Saurav K. Ojha, Ashwani Maurya, <1 y
Tobias Preitschopf, Ingo Fischer, Animesh K. ’
Ojha. "Controlled synthesis of 2H-WSe2@rGO
nanocomposites: an efficient electrode

material for high performance asymmetric
supercapacitor device application", Journal of

Alloys and Compounds, 2023

Publication

Muhammad Abdul Jabbar Bin Abu Bakar,
Muhammad Izuan Fahmi, Shamshul Bahar
Yaakob, Liew Hui Fang, Muhammad Zaid
Aihsan. "The different approach for
supercapacitor modelling in the perspective
of self-discharge study", Indonesian Journal
of Electrical Engineering and Computer
Science, 2022

Publication

<1%

homepage.hrbeu.edu.cn



Internet Source

<1%

mafiadoc.com
Internet Source <1 %
Ronghua Li, Xiucai Hu, Shigiang Shan, Yongbo
: : L . <ly
Li, Wenbin Cui, Lingling Liu. "Study on the
controlled release properties of modified
multi-walled carbon nanotubes on
sulforaphane", Carbon Letters, 2023
Publication
www.jmst.or
Internet SJource g <1 %
Hai War?g, Xingping Xu, Anne NeviIIe.. " <1 0%
synthesis of nanostructured Fe O @TiO
composite grown on activated carbon cloth
as a binder-free electrode for high
performance supercapacitors ", RSC
Advances, 2021
Publication
Submitted to UCSI Universit
Student Paper y <1 %
dr.iiserpune.ac.in:8080
Internet SOLFJ)rce <1 %
Ayla Sajid, Javearia Tariq, Faig Ahmad, <1 o

Mutawara Mahmood Baig, Iftikhar Hussain
Gul, Uzma Habib. "Nanostructured Fe-



substituted NiCo204@NiMnCo-LDH ternary
composite as an electrode material for high-
performance supercapacitors", Journal of
Materials Science, 2023

Publication

ijmaberjournal.or
I%ternet Sou}lce g <1 %
journal.universitaspahlawan.ac.id
%nternet Source p <1 %
Submitted to National Institute of Technology, <1 o
Rourkela
Student Paper
scholars.cityu.edu.hk
Internet Source y <1 %
Submitted to Central University of Himachal <1 o
Pradesh, Dharamshala
Student Paper
Shijie Zhang, Zirui Jia, Bo Cheng, Zhiwei Zhao, <1 o
Feng Lu, Guanglei Wu. "Recent progress of ’
perovskite oxides and their hybrids for
electromagnetic wave absorption: a mini-
review", Advanced Composites and Hybrid
Materials, 2022
Publication
www.alga.cz
InternetSour%e <1 %




50

WWW.I'SC.Or
J <1 %

Internet Source

Ma, Guofu, Hui Peng, Jingjing Mu, Haohao <1 y
Huang, Xiaozhong Zhou, and Zigiang Lei. "In °
situ intercalative polymerization of pyrrole in
graphene analogue of M0S2 as advanced

electrode material in supercapacitor", Journal

of Power Sources, 2013.

Publication

Siyuan Zhang, Weilin Li, Hongjing Wu, Jian <1 o
Jiao. "Multi-optimized flexible graphene °
oxide/multi-walled carbon

nanotubes/ferroferric oxide nanopaper with

enhanced electromagnetic wave absorption
performance"”, Advanced Composites and

Hybrid Materials, 2023

Publication

bioresourcesbioprocessing.springeropen.com
53 | < |
nternet Source 0
tel.archives-ouvertes.fr 1
54 Internet Source < %
Exclude quotes Off Exclude matches Off

Exclude bibliography Off



