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ABSTRACT

Based on the method of electrical charge storage. supercapacitors are divided into tegonies, double-
layer electrical capacitor {EDLC) and pseadocapacitons. Utilizing three processes—meversible sdsorption,
redox reactions on metal oxides, and reversible electrochemical - pseadocapacitors are utilized for high
power applications involving metal oxide electrodes the transfer of electric charge based on a rever-
sitle faradaic. in the fabrication of supercapacitors, a high spedific surface area with a relatively narmow
pare sipe distribution is essential. Therefore, it s required 1o increase the capacitance of the material, In
this work, nickel cobalite (NiCop0y) synthesized from nanocompasite MIS-SH0 and Cop504 THO pre-
cursors were mixed with reduced graphene oxide (rG0). Coprecipitation and calcination were used to
create the nanocomposites. The produced NiCo;04rG0 nanocom posite was used as a pseudocapacitive

Keywants:
NG, i0 nanecamposite
Edevaric charge storage

Peewdn pacitor clecrmde >
Specific capacitance supercapacitor electrode, The results showed that sample code 52 with mass varlations of NiQ, Co,0,,
Specific surface area and rGO ar a ratio of 2:3:2 had the best performance. The sample had a hexahedmon-shaped surface mor-
phology, an average particle size of about 0005 m, a specific surface area of 12,75 m*/g, an average pore
of 9534 nidm, and a pore volume of 006404 cm”|g. It also perfermed excepticnally well in terms
of cal conductivity of 6078 5/m, clectrical resiativity of 0.16 ni{lm, and capacitance of 259, 4
0 2022 The Authors, Publishing services by Elsevier ﬁ an behall of KeAl Communications Co. Lud, Thisis
anopen access article under the CC BY-NC-ND license {hittp: [/ creativecommons.ong! Hoonses Thy-no-nd 4.0 ),
1. Introd uction component devices to garner a great deal of attention | 1], A super-

As a developing country, Indonesia has a significant need for a
varlety of resources to advance, This also contributes to the
expanding use of electronic components in the energy, transporta-
ton, technology, and information technology industries, The
increasing use of electronic component materials each year will
increase the electricity demand, including electrical energy storage
components, causing the development of electrical energy storage
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capacitor is one of the frequently utilized electrical energy storage
materials. A supercapacitor ar electrochemical capacitor is an elec-
trical double layer that [unctions as an electrical energy storage
device based on charging and discharging at the eectrode-
dielectric interface |2 Currently, the supercapacitor electrode
material is growing as an energy storage material as it has various
advantages. For example, it is maintenance-free, has a longer lifes-
pan, rapid charge and discharge cycles, and can operate effectively
in wvarious environmental conditions [3]. In addition, it
has > 100,000 cycles, high energy density, extensive energy storage
capability, simple principles, and easy construction |[4).

Based on the technique of electrical charge storage, supercapac-
itors arve often split into two groups: electrical double-layer capaci-
tors {EDLC) and pseudocapacitors 5], EDLC capacitors are often
utilized in low-power applications [ 6] using activated carbon elec-
trodes which have a wide surface area for storing electric charge at
the electrode/electrolyte interface, such as carbon fiber, carbon
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(TR foreabivecormaminng o g/ licenes by sncondi 400
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aerogel, and carbon paper. The power density and stability of these
capacitors are remarkable, but theirspectfic capacitanceis low | 7]. In
contrast, pseudocapacitors are used for high power application-
swith metal oxide electrodes whose electric charge mransfer is based
on a reversible Faradaic process |8 |, including reversible adsorption,
redox processes on metal oxides, and reversible electrochemical
doping on conductive polymers for electrodes |9, Pseudocapacitors
canstore electric charge more effectively than EDLC, but their stabil-
ity is still inferior to that of EDLC. Therefore, this capacitor needs fur-
ther improvement using redox-active electrode materials and
increasing the specific surface area for energy storage applications
in hybrid electric cars and household electric @yices [ 10].

Supercapacitors must be designed with a high specific surface
area and a narrow distribution of pore size to maximize their
capacitance performance | 11 |, Nickel cobaltite [NiCo,04), the elec-
trode substance used in this study, was created by coprecipitating
and calcining precursors of NISSHL0 and Co,50,-TH0 with GO,
The spinel NiCo,0, possesses superior ebectrical conductivity and
redox activity than single-metal oxides like NiD and Coy O, In addi-
tion, NiCo;0, Is a promising option for high-performance superca-
pacitors due to its high theoretical capacitance, ease of
manufacture, abundant materials, low cost, and eco-friendliness.

Mil has a bandgap of 3.37 eV, a conductivity of 1.4 = 107 5/m,
and a resistivity of 693 nfim [12]. In addition, NG Is a cheap
member of the transition metal oxides whose composites exhibit
4 mesoporows structure in the form of nanoflake crystals with a
large surface area |13] as a result of the nano-dimensional electro-
chemical double layer mechanism with ac faradic redox
reaction |[14], This mechanism produces 3 maximum specific
capacitance of 401 Fjg at a current density of 0.5 mAjem® [15].
Meanwhile, Coa0y has an energy gap between 2.8 and 2.2 eV, a

uctivity of 1.6 =« 107 §/m, and a resistivity of 62.4 nm [16],
with an electron mobility of 200,000 cm® v a specific surface area
of 26,300 m*/g, an intrinsic electrochemical capacitance of 21 mF)
cm?, a specific capacitance of 220 Fig, a hexagonal structure with a
strength of 42 N/m, and a thermal conductivity of 5000 Wimk.
Furthermore,in addition to these characteristic, the presence of
other materials, such asrGD with chromophoric properties may
enable Coy0y to quickly absorb free electrons [17].

In arder to understand how NiCo,04 and rG0 afTect surface mor-
phology, BRicrostructure, pore size distribution, and the link
between the specific surface area and the electrical properties of
the supercapacitors generated, this study synthesizes and evaluates
MNiCo; 0, /rG0 nanocompasites. In addition, this study reponted ther-
mal, chemical, and electrical properties in order to exploce suitabil-
ity of the synthesized materual for use as supercapacitor electrodes.

ﬂhmhhﬂdm

2.1, Moterials

Matural graphite powder, nickel sulfide pentahydrate (NIiS-5H:-
0], cobalt sulfate hydrate [ Co,50,-TH,0), sulfuric acid (H, 50, zinc
powder [Zn)nickel nitrate {Ni[NO, ) hydrogen peroxide [H,O,),
aguabidest (H;0), wrea [CH,NO) cobalt nitrate [ColNO;LL
hydrochloric acld (HQ) deionized (D] watersodium nitrate
(NaNO, ), citric acid [CiHgOs ) potassium permanganate (KMny),
and sodium hydroxide [(NaOH»were obtained from Merck. All
chemicals are of analytical grade,

2.2, Experimental

2.2.1. Synthesis of rGO
The modified Hummers' methodwas used to synthesis rGO, As
many as 2 g of graphite powder were dissolved in 98 ml of

Materinls Scieee Jor Epergy Technologies § (2002 ) 444451

H-50; and 4 g of MaNO, while being stirred for an hour, After stir-
ring for two hours, 8 g of KMn0, was gradually added to the mix-
ture, Four hours were spent gently stiming the mixture inan lce
corHainer at a temperature between 0 and 20 *Cundl it turned
greenish black. At 35 “C, the mixture was agitated for 20 h until
a light brown tint emerged. Alter beingstirred for an hour, the mix-
ture was then washed with 200 mL of aguabidest. Once pH 7 was
achieved, the mixture was centrifuged and repeatedly rinsed with
80 mlL HCl and deiomzed water. Following that. the mixture was
dried for 12 h at 110 °C to produce sheets of GO. The next phase
invalved adding 40 mg of GO to 40 mL of DI water, strring it for
an hour, and then ultrasonifying it for 1.5 h at 50/60 Hz. After that,
GO was lowered by stirring 0.8 g of zinc powder with 10 mL of
strong HO for an hour. The mixture was added to 10 mL of concen-
trated HCl and stirred for an additional 30 min before being repeat-
edly rinsed with Dl water and 5 % HO until the pH was 7. A dry
precipitate of rfGOwas created by heating the precipitate from the
washing process for 18 h at 160 °C in a tiny stainkess steel and
Tellon tube,

2.2.2. Preparation of NiCo 0, nanoparticles

Ni5-5H.0 and Co,50, 7H,0 were combined to form NiCo,0,
nanoparticies via coprecipitation, with a mole ratio of 1:2 (NF*:
Co™ ). NiS5H:O0 (1,188 g) and Co.504 THO (2701 g) were dis-
solved in separate 20 mL of aquabidest The solution was added
dropwise to 50 mL of NaOH solution | precipitation agent ) and stir-
red with a magnetic stirrer at 1000 rpm for one hour, The fluid was
then put on a permanent magnet Lo speed up the deposition pro-
cess, In order to get rid of any leltover salts from earlier operations,
the precipitate was then rinsed seven times with DI water. After
being heated in an oven at around 90 °C, the precipitate produced
a black powder. The whole process ks characterized by the follow-
ing chemical reactions:
M-SH;U + 34'.'!:;50. ?H;DNI:U‘ - I'Kﬂ[ﬂ‘. # JHJSU\

4 22H.0 {1

2Co(ND; ) + Ni[NDy): + GO + OH”
& THO: + ¥ H.0

« NiCo: 04 + GO !
(2]

223, Fabrication of NiCo,04rG0 nanocomposites

This nanocomposite is fabricat sing GO, Co{NOg);, and Ni
[NO:z}; as precursors. As many as mg of nG0 was added to
40 mL of DI water, and the mixture was stirred or an hour. Ni
(N5} and Co{NO3 | powder were doped with rGO powder in var-
ious amounts (see Tahle 1) after two hours of agitation at 180 *C
| 18]. The mixture was stirred while ureaand citric acid were added.
The samples were then rinsed with DI water at a pH between 6.8
and 7. The washing procedure precipitate was placed in a tiny
Teflon mbe within a stainless-steel tube and burnt for 18 h at
160 “C. Followdng a two-hour calcination at 900 “C, the resulting
powder was stored. Fig 1 shows a schematic depiction of the pro-
duction process of NiCo:04rGOnanocomposite.

224, Characterizations of theNiCoz0,/rG0 nanocomposites

NiCo; 04/ G0 nanocomposites were analyzed microscopically
using SEM (Scanming Electron Microscope, JEOL JSM-5310) by

1
%mummm of iy 0,[v00 panocomposites.

Sample tode Camposition of Mk CogOgl iG0 [ggeg)
£1 232
52 232
13 3x2
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Fige 1. The synthests processol MHCoy 0 1GOnan ocompesite.

shooting electrons at 15 kV, at 50,000~ magnification, Based on
nitrogen adsorption-desorption measurements, the BIH (Barrett-
Joyner-Halenda) and BET [Brunauver-Emmet-Teller) characteriza-
ton were performed using the Sorption Analyzer NOVA 1000,
Based on the N, adsorption-desorption isotherm study, this was
performed at 77 K and a reative pressure of 0.05-0.30 PJP.. Lastly,
the electrical characteristics of graphene samples were evaluared
using a CV meter, GW-Instek LCR 816, at a frequency of 1-
300 kHz and an RC circult with current propagation at four places
probes.

3. Results

Analyses of the surface morphology and microstructural prop-
ertes of the synthesized NiCo,0,/rG0O, Cop0y/rG0, NIiOrGO, pure
Coy0y and pure NiQwere conducted using SEM at an increasing
voltage of 15 kV and & magnification of 50,000+, as presented in
Fg 2.

Based on Fig Za-c, the surface morphology of NiCo0,/rGO
nanocomposites in samples 51, 52, and 53, shows NiCo:04
nanoparticles with a diamond-like hexahedron morphology on a
thin transparent sheet (nanosheet) with a multilayer structure.
There is folding of the rGO layer in the form of nanoflakes so that
it appears thicker like large granules or clumps on the surlace
[ 15]. In addition, the presence of crystal growth such as the forma-
tion of small nano-sized needles [ nanoneedles) that accumulate on
the nanoplate resulting from the hydrothermal process or calcina-
ton [20].

The illustration also depicts thecomparison of Co040GO
nanocomposite {Fig 2d) and pure Coy0y (Fie. 20) without the addi-
ton of NiQ), which resemble tiny, nearly spherical lumps that are
homogenous and grouped in a random manner. Meanwhile, Ni0/
rGO nanocomposite (Fig. 2e) and pure MiD (Fig. 2g) generated a
nanofllower-like crystal structure from agglomerated NiO nanopar-
ticles on the surface of the nickel foam substrate.

Table 2 summarizes the results of guantitative testing of the
nanocomposite surface area using Image-] Software analysis based
on the crystal structure size distribution on the magerial surface.

The BET test was performed to evaluate the suwrface area of
active absorption in collecting and binding free electrons during
the swrface contact interaction process [21] of the NiCo04rG0
nanocomposite when it was charged to produce a type IV isother-
mal curve according to the IUPAC classification, Fig. 3 presents the
results of BET test for 51 and 52. Meanwhile, the BJH characteriza-
pon of the average pore size of NiCox04/rG0 nanocomposite as a
pseudocapacitive supercapacitor electrode material is presented

in Tabde 3. In the study of BET and B/H, we only conducted tests
on 51 and 52 because the objective of this characterization was
to determing whether the material synthesized was mesoporous,
In addition, based on the results of the specific capacitance test,
52 exhibits the best results among the other samples, which,
according to the analysis, |s mfluenced by the abundance of
Coz04. Therefore, as a comparison, 51 was choosen since it had dif-
ference composition on Coa0y compared to that in 52 (Fig 4},

Electrical conductivity was analyzed since it is an important
factor in storing and distributing electric charge on a polarized
pseudocapacitor, which produces a potential difference between
the electrodes and the solid electrolyte [22]. Fig 5 depicts the
results of electrical conductivity analysis. In addition, the average
electrical conductivity and resistivity of the nanocomposites are
shown kn Table 4.

Specific capacitance affects the number of electrons that can be
stored under pressure exerted by an electric current through a
redox reaction or the ratio of the number of polarized charges
per potential change | 23], The capacitance measurement was con-
ducted utilizing a three-electrode impedance technigue setup inan
RC circuit. Table 5 displays the results of specific capacitance test-
ing performed using the RC circuit-based impedance method. In
addition, the following impedance equationswere be used to
obtain the capacitance value [24|:

(1)
1+ {R’m?[ﬂ-’}

C=xv 2]
 e——— T 3)
! :2 1)
Er":::- = Esp;;'l.r'“ {3}
HEJ Exq;_EiDD 16)

where Z denotes the MiCo,04/rGO nanocompaosite’s impedance £3),
R denotes the RC cicults resistance, o b5 the wave propagating
angular frequency (rad/sithrough the sample equal to 2af, and C
i5 the capacitance value of the sample (Farad).
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Fig. 2. SEM micrograph analysiv of NiCo, 0y/rG0 nanocompositos with varying Ne:CoyOy: iG0 compositions: (a) 51 [ 2:2:2) (k) 52 (2:3:2) and (] 53 (3:2:2] 2w, a5 wellas
SEM analysis of (e} o0y nG0, (e NIQEeGO0, (T) pure Co0, and {(g) pure 840

Tahle 2
Average surface area of nanocrystal structore in anoompasile. 4. Discussion
Iypes of nanccrystal form Manocrystal tee in REanoCEmpost e
Werige  Avttage | Avempe 4.1, Surface morphology analyss
gt width surhice Jed
{pm} {pm) ] Hg. 2 shows the micrographs of NiCo; 0y rGO nanocomposites
Hexahidon o The st af 1112 1.135 noa% produced by coprecipitation and hydrothermally at a calcination
MiCiay temperature of 900 °C. They indicate that the rGO layer, which is
Elngated cylinders Bl tiny noEa 0.EY 3166 = 10" P{g;gﬂt i“ the h“lk. is fﬂlﬂEd _-“-Hi “-h“ thE' Ni{ﬂ?ﬂd nﬂnﬂp-l“iflﬁ"i
m’::ﬂ‘“:;‘d'" nanaplate on have a diamond-like hexahedron morphobogy, Crystals are formed
Mt fowes crypstal siriietie of L0z 0.785 0004 during Tj_le hydrothermal process of uilcjmtlm'_l. as shown in the
MaDmanopaticles and N rGo aggregation of nanoneedies on the nanoplate (Fig. 7).
U e lumps of Cog0y) 0424 [ v [
G0 and o0, i = s _
4.2, Specific surfoce area and pore size distribution based on BET and
BiH anolyses
According to faradaic theory, the specific surface area of the The isotherm reaction process demonstrates the unique behav-

NiCoy 04 [rGO nanocompaosite 15 inversely proportional to its speci- ior of the pores [26] in absorbing and releasing dinitrogen gas
fic capacitance | 5], Numerous variables affect the specific surface malecules (Nziwith a smaller relative pressure range (P/Pg) for
area of NiCo,04rGO nanocomposites. including pore size distribu- samples 51 and 52 of OL1-095 PP, and 0.12-099 PP, respec-
tion, volume, and particle diameter. By modifying the surface area tively, This shows that rthe existence of mesopores

of the pore .ll.T‘LItlsp:l:lﬂC capacitance was increased. The rela- {2 nm < d < 50 nm) may be the result of detached or loose NiCog-
nonship between specific capacitance and specific surface area is O/ 1G0 nanocomposite sheets on the nanoparticle stack, leading to
presented in Fig. b, pore gaps | 19],

447
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Fig. 3. BET analysis on Wi o0 4mG0 nansmmposite (51 and 52) with N adsorption-desorptionisothem oeaction,

Tahle 3 155
Average specific surface area, average pose radius, and eotal volume of Nelo0,vG0
nanocomposite samples. v

Sample Average specific surface  Average pore Average poro

cude area radius lume
el 1A femtfg)

5t 1380 108,37 DT 45%

g2 175 0534 D630

The NiCo04rC0 nanocomposites of 51 and 52 have average
pore radii of 10977 nm and 9.534 nm, respectively. These pore size
distribution ranges, namely between 9 and 11 nm, are best in
mesoporous structure since the diffusion of active species (DOS)
reaction on the supercapacitor electrode materialcan increase the
electrical charge storedwith these pore size distnibution |27 In
addition, the pore volumes of B/H desorption for 51 and 52 are
000745 and 06304 cm?/ g, respectively, and thelr specific surface
areas are 12.90 and 12,75 m*/g. respectively. The specific surface
area is crucial since it may eahance the contact interaction

between the electrode and electrolyte as well as the electroactive
properties by reversibly increasing the redox reaction between
the electrodyte and the surface of the electroactive electrode.

4.3, Electrical properties

4.3.1. Electrical conductivity amd resistiviey

The results indicated that 52 has the highest electrical conduc-
tivity (6.078 5/m] and the lowest electrical resistivity (0,16 nfxm}
compared to others. The degree of the resistivity of the compounds
that make up the NiCoz04/rG0 nanocomposite, which is produced
by the formation of crystal defects during manufacuring. affects
the material’s electrical conductivity. This leads awider distribu-
tion of holes on the surface of the nanocomposite particles, which
prevents free electrons from being excited [28].

Based on the results {see Table 4 for 51, 52, and 53), electrical
conductivity ol the samples rises along with Coy0y bulk. This is
due o the presence of cobalt ions In cobalt oxide, which have elec-
trical resistivities of 624 nfim, conductivities of 1.6 « 107 §/m,

0,08

007

3

i

Pore Volume (crn'/g)

100

250 300

200

150

Pore Width (nm})

i 51 Adlacaprtion) = === 5] | Desorption)

——dr— 5] | Adscaprlion) — =~ = 52 [ Diesorpeion)

Fig- 4 BIH pare size distribution plot of 51 and 52,
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Tabie 4
Aveppe eleanc conductiviey and elecircal resstaty of samples.

Sammle

Averge clectrical condoctivity  Average electrical resistivity

| &fm} {rkm)
51 2150 146
52 &078 018
53 1,825 026
RIOfGO 5871 o7
CoqDafrGO 1232 08
Coylly 285 ="' 35088
NI 144 - 0" 14,44

and bandgap energies of 28-2.2 eV, As a result, these conductor
materials increase the electrical conductivity and electrocatalytic
activity of nanocomposites during the redox reaction process
|29]. The NiCo,0,/rG0 nanocomposites causes Co; 0, nanoparticles
o entirely dissolve, resulting in nanoparticles with perfect seg-
mentation, low electrical resistance, high electrical conductivity,
and fewer holes that might speed up the movement of free
electrons.

4,32 Spedfic copadtance

The 52 sample have the highest specific capacitance, 289.93 Flg,
as shown in Table 5. This suggests that increasing the bulk concen-
tration of Co,0,, which carries the charge of the Co®* fon, may
result that increasing the specific surface area, and finally the
guantity of holes to store free electrons also increase. The mobility

Table 5

and pscillation of free electrons are improved when an electric field
with bandgap energy is applied to the supercapacitor electrode,
Free electron adsorption takes place above the bandgap of the
NiCoz04/rC0 nanocomposite, producing electron-hale pairs that

augment the electric current with a density of 10632 A/m?,
an energy density of 01573 Wihke, and a power density of
566.1885 W/m'.

The specific capacitance of the NiCo04rGO nanocorgggsite
supercapacitor rose with an increase in current density. energy
density, and power density due to the supercapacitor electrode
particles’ capacity to disseminate electrolyte ions in the electrode
microspores |10]. It also results from the performance behavior
of the NiCos04/rGO nanocomposite fype supercapacitor electrodes
im alkaline electrolytes during exposure to electric charge This is
influenced by an electrochemical process involving redox reactions
that lead to changes in the valence electrons of Co™ Co™ and M**)
M (M = Co or Ni) on the surface of the nanocomposite electrode,
making the Faradaic reaction more reversible [31]. This phe-
nomenon can be lustrated in Fig. & Fig 6 depicts the reaction
to generate current density when cations (H') in a solid electrolyte
produce 2 single layer that is adsorbed on the surface of a
nanocomposite electrode with a higher redox potential, such as
Co™, which forms a reduced lon diffusion bridee (OH™) and results
in jon transfer due to the Faradaic process and oxidation of Co™
elements in NiCo, 04/ rGO,

Based on the Faradaic reaction, the chemecal reaction equation
that happens in NiCo,0,/rG0O nanocomposite cells with ideal com-

Spevific capacitance, curvent dens#ly, energy density, amd power density of samples, as determined by characterization.

Sample Specific capacitance Current density [ A/m*) Energy density (Whikg) Tower density (Wim?|
{Fig)

M0G0 {51) 1066 a1.54 P 2735467

R CoylIrGo {52 28A93 106,32 01573 5663585

Wi Cog0frG0 (53] 18258 6,51 nioag ELERIL -1

MHHGO 27702 IEA7 726 261 4843

Coy0fr0 5077 B B a2l TH24175

Cay0y ol ndq LTl [ E ]

Kl [l ma LTS 128010
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position separated by electrolyte-soaked electron configuration
can be described with the following reaction [32):

CellA : NiCoa04rG0)| He504(1 M) [|MCo0,rG0 (3

Cell B: NiCo,0y 1G0 || KOH (6 M) || NiCoy0y GO ()

In the RC circuit containing the electrolyte solution, the redox
reaction process denoted by reaction 3 and 4 is a flow of excited
free electrons from the positive electrode to the negative electrode,
which produces a stored electric current.

4.4. Relationship between specific surface arca and specific
rapacitance

MNiCoz04/rGO nanocomposites exhibit a nonlinear relationship
between capacitance and surface area at all current, energy, and
power densities. Due to the comparable material characteristics
and pore size distribution of NiCoO04/rG0 nanocomposite, in
which the effective adsorption surface area and on transport chan-
nel grow linearly with increasing specific surface area. the cap)
tance of the electric pseudocapacitor increases, Based I
correlation between specific surface area and specific capacitance,
thie little change in specific surface area significantly affect the
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specific capacitance, This is in accardance with a study by Chmiola
et al. | 23], which indicated that the little increase in volume pores
smaller than 2 nm will significantly increase specific capacitance,

5, Conclusion

MNiCom 04/ rG0 nanocomposite, which was synthesized through
coprecipitation and hydrothermal methods and used as a psewdo-
capacitive type supercapacitor electrode, resuited in the optimal
composition for sample 52 {NiD:Coy0,:0G0 = 2:3:2 compared to
other samples (51 and 53). This nanocomposite [52) produces a
hexahedron surface morphology with an average particle size of
approximately 0.005 pm?, a specific surface area of 12.75 m?/ar,
an average pore radius of 9534 nm and a pore volume of
006304 cm’/g. In addition, 52 shows the best performance based
on the analysis of electrical properties with high electrical conduc-
tivity walue of 5,078 5/m, while commonly, standard supercapaci-
tor electrode type pseudocapacitor is between 0.1 and 1 5/m.
Furthermore, the electrical resistivity of 52 is 016 n£2.m, which
is the lowest (best) among others (51 and 53), The capacitance
value of 52 is the highest, which is 28993 Flg, while generally,
the standard pseudocapacitor type for NiCoz0, is 120 Fig.
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