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Supercapacitors (SCs) are a novel type of energy storage device that exhibit features such as a short charging
time, a long service life, excellent temperature characteristics, energy saving, and environmental protection. The
capacitance of SCs depends on the electrode materials. Currently, carbon-based materials, transition metal
oxides/hydroxides, and conductive polymers are widely used as electrode materials. However, the low specific
capacitance of carbon-based materials, high cost of transition metal oxides/hydroxides, and poor cycling
performance of conductive polymers as electrodes limit their applications. Copper—sulfur compounds used as
electrode materials exhibit excellent electrical conductivity, a wide voltage range, high specific capacitance, diverse
structures, and abundant copper reserves, and have been widely studied in catalysis, sensors, supercapacitors,

solar cells, and other fields.

supercapacitors electrochemical properties specific capacitance stability
copper—sulfur composite carbon-based materials graphene carbon nanotubes CcC

acetylene black (AB)

| 1. Introduction

To cope with the increasingly serious energy shortage, environmental pollution, and other related problems,
researchers are vigorously developing green, efficient, and sustainable clean energy. With the rapid development
of military equipment, aerospace, rail transit, new energy vehicles, power generation systems, and intelligent
electronics, electrochemical energy storage devices have garnered considerable attention in recent years L2, The
current energy storage devices mainly include lithium-ion batteries, solid oxide fuel cells, electrostatic capacitors,
and supercapacitors. Lithium-ion batteries have the advantages of having a high energy density, long life, low self-
discharge rate, etc., and are currently the most common commercially used secondary batteries. However, lithium-
ion batteries also have some disadvantages, such as their high cost, environmental sensitivity, and unnecessary
heating due to the slow redox process, which can easily lead to thermal runaway and fire 2. Solid oxide fuel cells
offer benefits of being metal-free catalysts, having wide fuel sources, and cogeneration; however, the high reaction
temperature of SOFCs leads to high maintenance costs and reduced battery durability over time. Each battery
component is exposed to high temperatures, resulting in interface problems that degrade battery performance &

The capacitive behavior of electrostatic capacitors refers to the existence of capacitance between electrodes,
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which involves charging and discharging processes under the action of an electric field. The larger the capacitance,
the lesser the power loss. This capacitive effect is generated by the accumulation of charge between the
electrodes and does not involve the redox process of electrons and ions. In most batteries, redox reactions often
occur, which involve the redox of electrons and ions to produce an electric current. These shortcomings have led
researchers to search for electrochemical energy storage systems superior to existing batteries. An SC is an
energy storage device based on high-speed electrostatic or Faraday electrochemical processes. Figure 1 presents
the energy density and power density of various energy storage devices [B. Compared with batteries,
supercapacitors (SCs) exhibit a high theoretical energy efficiency of nearly 100%, which is conducive to the
application of SC electrochemical devices in power grid load balancing 8. In addition, SCs are new energy storage
devices with a high power density, superior charging/discharging performance, low maintenance cost, safe
operation, strong adaptability, good stability, and environmental friendliness, which can shorten the charging time

from several hours to several minutes, improve the reliability of renewable power, and reduce waste B2,
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Figure 1. Ragone charts for various energy storage systems, including lithiumiom batteries, solid oxide fuel cells,

electrostatic capacitors, and electrochemical capacitors 2!,

Electrode materials determine the efficiency of electrochemical energy storage systems, and depending on the
energy storage mode, SCs can be divided into double-layer capacitors and pseudocapacitors. Electrode materials
used for double-layer capacitors are mainly carbon-based materials (such as graphene) and some two-dimensional
materials such as MoS,. These materials have a high power density; however, compared with pseudocapacitors,
the energy density and specific capacitance of double-layer capacitors are low, and graphene sheets are prone to

agglomeration, resulting in a decrease in the specific surface area, which eventually reduces the capacity.
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Graphene is often used as a skeleton material to compound with other materials. MoS, has good specific
capacitance; however, its electrochemical performance is limited by its inherent secondary agglomeration and low
conductivity. In pseudocapacitors, energy is stored through the Faraday redox reaction. At the electrode and
electrolyte interface, redox reactions result in higher specific capacitance, energy, and power density 9. The
electrochemical dynamics of pseudocapacitors are capacitive; however, charge storage is achieved through the
charge transfer Faraday reaction across the double electric layer. The processes that derive from the Faraday
process are fast and reversible surface redox thermodynamics, but capacitance is derived from the linear
relationship between the degree of adsorbed charge and the change in potential. Charge storage in
pseudocapacitors is generally divided into three types: underpotential deposition occurs at the two-dimensional
metal and electrolyte interface, and ions are deposited at the metal interface when the potential is more positive
than the corresponding reversible redox potential; redox pseudocapacitance occurs in the Faraday redox system;
and in embedded/unembedded pseudocapacitors, ions are embedded in the redox active material but do not
undergo crystalline phase transitions during the reaction, that is, their crystal structure does not change. Figure 2
(11 shows a schematic diagram of the charge storage mechanisms for double-layer capacitors and electrodes of
different types of pseudocapacitors. Ther electrode materials used for pseudocapacitors are transition metal
oxides, conductive polymers, and transition metal sulfides. Transition metal oxides (e.g., RuO, and V,05) have a
high theoretical capacity, but poor conductivity leads to their low practical capacity; the voltage window is narrow
and can only be applied in aqueous electrolytes [12I13] The conductive polymer is accompanied by the
doping/dedoping of ions during the energy storage process, leading to the repeated entry and exit of ions on the
polymer chain, causing the fracture of the molecular chain as well as the generation of irreversible capacity,
resulting in poor stability. However, transition metal sulfides have attracted the attention and interest of many
researchers because of their low cost, better conductivity than oxides, high theoretical capacity, and especially,
their high pseudocapacitance capacity. Currently, transition metal sulfides used in SCs mainly include Cu,S (x = 1-
2), MoS,, CogSg, NiS, NisS,, and WS, 14 In 2004, Stevic et al. 13 used copper—sulfur compounds as an
electrode material for new SCs and achieved a capacitor capacity as high as 100 F cm™2. Copper—sulfur
compounds exhibited a high electronic conductivity, large theoretical specific capacity, excellent redox reversibility,
flat voltage plateau, excellent low temperature performance, tunable morphology and composition, rich copper
reserves, low resistivity, and a lower electronegativity of sulfur than oxygen. Cu,S showed significant size-
dependent electrochemical properties. Studies have shown that the change in morphology and the reduction in
size affect the electrochemical characteristics of pseudocapacitors. Therefore, copper—sulfur compounds have

great potential in SCs.
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Figure 2. Schematics of charge storage mechanisms for (a) an EDLC and (b—d) different types of
pseudocapacitive electrodes: (b) underpotential deposition, (¢) redox pseudocapacitor, and (d) ion intercalation

pseudocapacitor 111,

Carbon-based materials and their composites, such as graphene, carbon nanotubes, activated carbon, and
acetylene black, have attracted considerable research attention in the energy field. These materials exhibit
excellent electrochemical performance through the charge storage property of the bilayer behavior and are
excellent SC-active electrode materials. Pure copper—sulfur compounds are semiconductors, and their conductivity
is lower than those carbon nanomaterials, and compounding copper—sulfur compounds with carbon-based
materials can produce more surface active sites to enhance redox reaction efficiency and pseudocapacitance and
increase the cycling stability of the capacitor to enhance battery performance &, Moreover, the combination of
copper—sulfur compounds with carbon-based materials including carbon coating as well as carbon nanotube
encapsulation, graphene encapsulation, and core—shell structure formation reduce the agglomeration and cycle life
of SCs due to the volume change of copper—sulfur compounds in the constant current charge/discharge process;

however, it improves the electrochemical performance of SCs.

2. Copper-Sulfur Composite with Graphene for SC
Applications

Graphene exhibits excellent electrical conductivity as well as mechanical properties because of its unique
honeycomb structure and large specific surface area (~2630 m? g~1) with excellent ion diffusion paths and reduced
diffusion resistance. Theoretically, the specific gravity capacitance of single-layer graphene is close to 500 F g,
and the surface capacitance of its total surface area is 21 uF cm™2. Graphene is oxidized to hydrophilic GO, and
the graphite layer spacing is increased from 3.35 A prior to the oxidation to 7-10 A after oxidation. The introduction
of oxygen atoms in the oxidation process resulted in the formation of a large number of oxygen functional groups,
which in turn resulted in a high surface area and many pores; however, the electrical conductivity decreased 28!,
By contrast, reduced graphene (rGO) removes the oxygen functional groups and restores the honeycomb two-

dimensional structure and high electrical conductivity of graphene. Graphene is typically combined with other
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materials by using two composite methods, namely surface growth and cladding [27. Direct growth of a material on
the surface of graphene can maintain its high conductivity and two-dimensional properties, which are favorable for
electron transport. The preparation process of cladding is simple and can help in achieving a large area coverage,
which is suitable for mass production. However, this method affects the two-dimensional properties of graphene

and thus deteriorates the electron transport performance.

Currently, CusS is prepared using the hydrothermal method to form copper sulfides on the graphene surface, which
controls the specific surface area, copper sulfide morphology (mainly nanosheets, nanorods, quantum dots,
hexagonal grains, and nanoparticles), and microstructure of the electrodes to enhance the electrochemical
performance of composites. Balu et al. [28 used a hydrothermal method to prepare CuS/GO. Woolly spherical CuS
consisting of ultrathin CuS nanosheets uniformly modified on the graphene surface had a specific surface area of
40.3 m? g~1, which is nearly twice compared with that of CuS nanospheres (20.8 m? g~1). The average pore size of
CuS/GO increased from 2.8 nm in the case of CuS nanospheres to 5.1 nm. At a sweep rate of 5 mV s™1, CuS/GO
exhibited a specific capacitance of 197.45 F g1 and a capacity retention of 90.35% after 1000 cycles at a current
density of 5 A g~1. The unique nanorod structure embedded in the graphene network provides CuS/GO with a
mesoporous structure, high surface area, and high electrical conductivity, which enlarges the interfacial area of the
nanocomposites, facilitates electron transfer and electrolyte diffusion, and promotes the generation of more active
sites in redox reactions to improve the electrochemical performance of SCs. Hout et al. 22 synthesized CuS
nanoparticles anchored on rGO nanosheets by using the hydrothermal method. The specific surface area of
CuS/rGO was approximately 34.4 m? g1 and the volume of the swollen pores was 0.0595 cm?® g™L. Its specific
capacitance reached 587.5 F g~! at a current density of 1 A g%, and its retention rate was 95% after 2000 cycles at
a current density of 10 A g~1. Boopthiraja et al. 29 prepared hexagonal CuS/rGO nanocomposites by using the
hydrothermal method in which hexagonal CuS grains were uniformly distributed on the rGO surface. The
composite exhibited a large specific surface area of 122 m? g1 and pores of size 8-10 nm. The specific
capacitance was 1604 F g1 at a current density of 2 A g1, and the capacitance was maintained at 97% of the
initial level after 5000 cycles. In addition to the hydrothermal method, the composite of graphene and copper—sulfur
compounds prepared using successive ionic layer adsorption (SILAR) has been reported. Bulakhe et al. 21 used
the SILAR method to modify Cu,S nanosheets to prepare a nanocomposite Cu,S/rGO electrode. This nanohybrid
exhibited the specific capacitance of 1293 F g™ at a scan rate of 5 mV s™1, which is higher than those of Cu,S
(761 F g™1) and rGO (205 F g™1), with the capacity retention of 94% after 10,000 cycles. Malavekar et al. 22 used
the SILAR method to deposit rGO and CuS nanoparticles on a flexible stainless steel substrate in successive
layers to obtain CuS/rGO composites with a layered porous structure. The composites have a specific surface area
of 77 m? g~! and an average pore size of 22 nm. Their specific capacitance reached 1201.8 F g™! at a scan rate of
5 mV s™1, and the capacity was maintained at 98% after 3000 cycles. In the group, composites of copper sulfide
compounds and rGO were prepared using the continuous ionic layer adsorption method, which exhibited a specific

capacitance of 355.40 F g™* at a current density of 0.5 Ag™2.

Graphene-based copper—sulfur compound composites show excellent electrochemical behavior in SC applications;
however, they have some drawbacks such as low electrochemical stability. Moreover, the oxidation state of copper

is prone to disproportionation under normal experimental conditions, causing complexity of the material

https://encyclopedia.pub/entry/55512 5/11



Copper-Sulfur Composite with Carbon-Based Materials for Supercapacitors Applications | Encyclopedia.pub

composition. Additionally, the surface agglomeration of nanomaterials and the resistance at the electrode—
electrolyte interface are high, and a weak bonding force between graphene and metal sulfide nanomaterials leads
to electrode shedding and rapid degradation. Sc-related data of copper-sulfur composites and graphene
composites are listed in Table 1.

Table 1. SC-related data for copper—sulfur composites with graphene composites.

. Energy .
Electrode Measurement Operating Retention
NO. . . Electrolyte Storage Refs
Material Type Window (V) Performance Rate
Three- 368.3F gt (1  88.4%after [
1 CuS/rGO electrode 0.90~0.10 2 M KOH Ag) 1000 cycles
_ 90.35%
197.45F g1
2 CuS/GO Two-electrode 0.00~1.00 3 M KOH _% after 1000 (18]
(G mvVsT™)
cycles
Three- 587.5Fg(1 95% after [19]
3 CuS/rGO electrode 0.00~0.40 6 M KOH AgY) 2000 cycles
Three- 1604 F g™ (2 97% after g
4 CuS/rGO electrode 0.00~0.50 3 M KOH Agl) 5000 cycles
- 94% after
g 1293 F g™t (1
5  Cu,SIGO Three ~1.00~0.00 1M KOH 9 10,000 U
electrode Ag™)
cycles
Three- 1M 1201.8 F gt 98% after [y
6 SIS [ic0 electrode 1.10--0.20 LiClO4 (5mvV s 3000 cycles
Three- 2317.8F g1 96.2% after  [p3)
7 CuS/rGO electrode 0.20~0.40 6 M KOH (1AgY 1200 cycles
CuS@CQDs- Three- B 920F g™t (1A 90%after g
8 GOH electrode 0.10-0.:50 6 MKOH g 5000 cycles
- 249F gl (4A 0
9 CuS/GO Three 0.00~0.58 3 MKOH g sSvpafter g
electrode g) 5000 cycles
- 90.8% after
- 203F gt (0.5
10  CuSiGO Three 0.00~0.55 3 M KOH g 10,000 28
electrode Ag)
cycles
_ 72.46%
- . 379F g1 (1A
11 CuS/CN Three ~0.80~1.00 0.1 M g after500 20
electrode Li,SO,4 g)
cycles
Three- 4978 F g 91.2% after o)
12 Cus/Go electrode 0.80--0.15 6 MKOH (0.2Ag™ 2000 cycles
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. Energy :
Electrode Measurement Operating Retention
NO. . 4 Electrolyte Storage Refs
Material Type Window (V) Performance Rate
906 Fg (1A 0
13 CuSrGO  Two-electrode  0.00~1.00  6M KOH g 9%after g
g ) 5000 cycles
Three- - 12225F g™t 91.2%after (3
14 CusSIGo electrode 0.20-0.60 2 M KOH (1Ag™ 2000 cycles
Three- 250 F g™ (0.5 70% after a1
= Cus/Go electrode 0.00-0.60 3 MKOH Ag™ 5000 cycles
Three- - 3058F g (1  60.3%after 32
e CuSIGo electrode 1.00-0.00 2 M KOH Ag™ 1000 cycles
. itors.
Three- _ _ 19186 Fg~ 95.4% after  [33
17 Cu,S/rGO clectrode 0.20~-0.45 3 M KOH (1Ag™Y 5000 cycles

2. Han, Z.; Fang, R.; Chu, D.; Wang, D.-W.; Ostrikov, K. Introduction to Supercapacitors. Nanoscale

Adv. 2023, 5, 4015-4017.
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SHESC R S OIReE 20T BonE8408s! P b
electroactive material. This unique manufacturing process makes the interface extremely smooth while realizing

SdeRtABRIE daHle-Yay&rR8Packofdhd FIUSEREABIIRIRIRIES AnGERreesam g GsleRrshty@RRBNEREHA

perfrdRgdrode Material for Asymmetric Supercapacitors with Outstanding Performance. J. Mater.
Sci. Mater. Electron. 2021, 32, 4805-4814.

} 6hCopper~-Sulfur Compoesite with Acetylene Black i B@&ion and
Performance of Carbon Dot Decorated Copper Sulphide/Carbon Nanotubes Hybrid Composite as
Acetyipra chipakitdye IéctPoderraterialerid. MRsisedoMisyoRode, 8arponiaiwy . of acetylene by controlled

combustion under pressure in air and has attracted much attention in the field of energg storage because of its light
35. . uan, Y.; than , M.; Wang, (IE Llll, L.; Wang, Z.; XU, I—L Liu, S.; Mln, . 3D H|erg(rch|c?l Porous
weight, low speci |c.8raV|ty, strong electrolyte absorption ability, chemical stability, [0w cost, and excellent electrical
uS Flower-Dispersed CNT Arrays on Nickel Foam as a Binder-Free Electrode for
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conBugeitapdeHdrs. Huang ktGh &% u2&19;e4§:)h1(619@r{ﬁqa’l®&éﬂ40d to synthesize AB CuS nanosheet composite

A B T O S P RGeS Lt e
L S5 A R0 SLPSS CHEHS e A 55 e rca botweer

eIectronte/eIectrode and enhanced electron transfer. The high conductance of AB and the short ion diffusion paths

3R thi-RDeelf clis ARRBShebrredHIRG: iK QUSRI BoaYRthepsRhR@Y 61 09 WY Mkt \Waled 6191 1 A
g :NAGRIHPRANAPACBMRSEES idnaIRGIGABA6 oh Bl Rl ode dbateript ViRl WheahiatiSB&slifance of the
cu§iaBagHaNsaalChRe ATa2 ke ot 4R HEP31.12). After 600 cycles, the capacity of CuS/AB was

3Bainipined 3}, 9%, WarTgawinectEng I AR &leclodeargnainerin /3.5, anddt i HidraRasibaly Pip geecific
surfaeRSARR ISP feuS R eeRISIRF BRI FPRIASot B sYor iRB & meaBis SRS bR BER
are@gﬁt_mygmgng’e[ggggme and electrode. Moreover, the high conductivity of AB and the CuS layer shortened the
ion diffusion path and promoted electron transfer. AB anchored on CuS nanosheets to form a stable three-

3(? men&dn%l.s%ggltkg \r/e uces}gefdrmallo%ng\?agse qh%'%%gt?& *I%Wic? Fe::c & e!tarn]a gr%ispoall)(dm rrlt%?r%gllr?s good
Stagil%a > CO\f%”Ite C%S Dlﬁgersed CNT Composite Materials for Appllcatlon in Supercapacitors.

ng charge and discharge cycles.
Dalton Trans. 2016, 45, 12362-12371.

TOMOF DetvédF Copper-Sulfut ConipsundiCarbon-Basedorre
Neliotomposites for SCApPpIcEtiGaS e o High-Peromance

Supercapacitors and Li-S Batteries. J. Solid State Electrochem. 2017, 21, 349-359.
MBS ARSIk CE) SRS TS R R B AR L B TR D Aol o

structu é%%r{gna[%y 8 ﬁggva enggi rr{';(t_:.r}srtlo metﬁbrfgs ggd fﬂ_%aém I%étds Generally with metal ions as the
connectrng point and organic ligands as a support MOFs exhibit a large specific surface area, high porosity, low

Adersio/C tafideadilitydifinkbl € RBBE X suFRBE Grda; RONGARE bifed anlYaRdciralfOtsly: YRNES Lrelidd as
tenfpRELE 1By SHReRis SIS U MisEarSi VRIS G ¥R e RPRIR W sty ated SoarptiRelived dtieity and
cychogalnd eehsrieatasd s JiuE ighrE RIoRRRN GEIRATEABRGHP S hEIRpERGIRh Ak 2Hh 695Y as

eledrate2Rhterials. Therefore, combining the MOF-derived materials with other materials to form a composite
£3eaRy, BAFRANET MMRTGVING xGPnAUCkiky  FPeCilE SSarsgly: sandy siabHe.-atadintRRIENHIMEuSCYU-
BTRSHeffoleParédePitbd ARG HH TEYST br ighsiBBIfoRRigHE MRyt Ste Rlapladitbrsed
HKéﬁg—ﬂqR%a‘maéai%r)@’pg@c_@lﬁn-coated Cu 96S in a single run by using the vulcanization method, which

converted 10 nm ultrafine Cul 968 nanoparticles uniformly embedded in octahedral porous carbon into porous

4éu1 96 /g:’ compo’s ehs! and malnt‘ained %é odta%t '89a| morph&antg bﬁ\/lng Id’ur%g W}c’anlza'nbr% gﬁ@ garlaonlzmlon
cul Q8 SinlbitS LA JUQEAN A2 -2 BNGNG FHEBe e AR AL RIS U9 aSR PR Righer
stabclqt? etﬁ ﬂggsé?emtya‘]cﬁrlrleorxsdgr%my gf 6%27§ 911&1%%%9?9 capacitance of 200 F g™, and a capacity
ABtertion, of\8OKiatie I 308ArcoXstant Wurent chay idingharde Zyrery, Will; <X, 5%, plensseld e 8blePeomposite
eleetfoBes $te8/ENTr by HamiealiRerfiHiaricdest SUSUAMEHYredt DWiDAEhdn. Clathizifam)y ristytated CuS
polfedtnodenfistiQuiasiaSulidbStatcnalexisle Sapertrpacieciilt Bidetoansd. €hams 202d,'89¥ excellent
poré &1 Aistribution, resulting in a high specific capacity of 606.7 F g™ at 1 A g1, with the capacitance being
867 g‘:ﬁ 0|2 thEHnltlaI value after up t 6000 c&cles at 5hg(?_l SCCZ:arlelateI%Ig?:tt?o%r:a[ranoeéﬁle%r%?ﬂg leaerl]egcs)?]gee{ged

carbon cop er sulfide- based nanocomposﬁes are listed in Table 3.
on Car onized Cotton Fabric as Flexible Supercapacitor Electrode for High Energy Storage.

EI%BF é: }E@ rAIC ad2 d) Jfgb%?nsétg 676skeleton derived carbon copper sulfide-based nanocomposites.
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4 Electrode Measurement Operating Energy Storage Retention ctrode
A Material Type Window (V) S Performance Rate =
200Fgt(05A 80% after (51]
y 1 Cuq 96S/C Two-electrode 0.00~0.90 1 M KOH gY) 3000 cycles
Th 606.7Fgl(1A 87.0% af S
2 CuSICNTs ree 0.00~050 &M KOH s v alter5p)
electrode g) 6000 cycles
Y3 CugSIC  Twoelectode  1.00-3.00  IMLPF,  [OMARGT  78%after gy 3 TWO-
Uis o-electiode ' ' 6 (50 mAg™) 200 cycles
5 Carbon- Three- . 1M 3219Fg (0.5 781%after (s rered
coated Cu;S, electrode H,SO,4 Ag™h 3000 cycles
, 641,
CugSg@C- Three- o 270.72F gt 83.36% after (g5
° CC@PPy electrode 0.40-0.50 LLIING (10 mv s™) 3000 cycles
5.1.. VVU, I\, VVvally, /.l .; INUITIAL, V., £11UU,; I\, LAVY, MLVVLING LTC, 1.9, LUU, J.; “IITIH, 4. VIV o-Derived

Copper Sulfides Embedded within Porous Carbon Octahedra for Electrochemical Capacitor

Népptogsads-Chanr asnoien. MOEShile3EQDed tdAted with CusS, followed by deposition of polypyrrole

52.

53.

54.

55.

Niu, H.; Liu, Y,; Mag,P é?%n‘faﬁ?%%? .S;Ugﬁtir,a\tﬁ/.lﬁsr‘wiggiﬁljegfﬁf)heedrﬁf:naéﬁ@ﬁgﬂﬂerived Copper Sulfide
Polyhedrons in Carbon Nanotube Networks for Hybrid Supercapacitor with Superior Energy
Density. Electrochim. Acta 2020, 329, 135130.

Foley, S.; Geaney, H.; Bree, G.; Stokes, K.; Connolly, S.; Zaworotko, M.J.; Ryan, K.M. Copper
Sulfide (CuxS) Nanowire-in-Carbon Composites Formed from Direct Sulfurization of the Metal-
Organic Framework HKUST-1 and Their Use as Li-lon Battery Cathodes. Adv. Funct. Mater. 2018,
28, 1800587.

Li, L.; Liu, Y.; Han, Y.; Qi, X.; Li, X.; Fan, H.; Meng, L. Metal-Organic Framework-Derived Carbon
Coated Copper Sulfide Nanocomposites as a Battery-Type Electrode for Electrochemical
Capacitors. Mater. Lett. 2019, 236, 131-134.

Liu, Y.-P.; Qi, X.-H.; Li, L.; Zhang, S.-H.; Bi, T. MOF-Derived PPy/Carbon-Coated Copper Sulfide
Ceramic Nanocomposite as High-Performance Electrode for Supercapacitor. Ceram. Int. 2019,
45, 17216-17223.
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