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ARTICLE INFO ABSTRACT
Keywords: In the current research work, Nip2C02804 and Nig 2Co28/MWCNTSs have been synthesized via
Nip.>C02.804/MWCNTs facile sol-gel and wet impregnation method. The synthesized materials attained the crystalline
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structures as evident from X-ray diffraction analysis (XRD). The uniform morphology and well
dispersion of Nig 2Co5,804 onto MWCNTs was observed via scanning electron microscopy (SEM).
The electrochemical investigations for supercapacitor application by cyclic voltammetry (CV),
galvanostatic charge discharge (GCD), and electrochemical impedance spectroscopy (EIS)
revealed that, among both materials, Nip 2Co2.804/MWCNTs has high specific capacitance (CV;
505.8 Fg'1 at 5 mV/s, GCD; 1598 Fg‘1 at 0.5 A/g), greater capacitance retention (85 %) at 1000
cycles and has lower charge transfer resistance (Re; 3.48 Q cm?). These findings reflected the
potential candidacy of Nip2Co2804/MWCNTs to be used as anode material in supercapacitor.
Further investigations by CV and linear sweep voltammetry (LSV) for oxygen evolution reaction
(OER) activity in 1.0 M KOH showed comparatively low over potential of 340 mV @100 mA/cm?
for the same integrated material. Additionally, the lower Tafel slope (47 mV/dec) and solution
resistance authenticated it as an appropriate electrocatalyst for OER in water splitting. The CPE
(controlled potential electrolysis) revealed the stability of both materials for OER in water
oxidation.

1. Introduction

Non-renewable energy sources i.e., coal, natural gas, oil, and nuclear reactors are not only dangerous to our environment and
health but about to expire due to their extensive usage. All over the world, the economic system is shifting to utilize renewable energy
sources that mainly includes solar, wind, marine, biowaste, water, geothermal, biogas sources etc. [1]. The popularity and demand of
renewable energy sources, often-called sustainable sources, increases day by day as these sources are harmless to the environment and
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available at no cost. Therefore, the tuning of renewable energy sources is one of the ways to climate change.

In the recent scenario, a prodigious development in new energy storage systems is needed that should have efficient performance
not only in term of high-power density, stability but also recognize for cost effectiveness [2-5]. Supercapacitors are considered as
potential candidates due to their long-term stability, high life cycle and efficient charging-discharging system [6,7]. Typically,
pseudo-capacitors have larger specific capacitance and higher energy density but low cycling life than electric double layer capacitors
(EDLCs) that have excellent performance, but low energy potential and charge only confined to the surface [8]. Interestingly, EDLCs
and pseudo capacitors separately contributed towards the total electrochemical and capacitance value of a supercapacitor. However,
EDLCs and pseudo capacitors in combination is the more tempting approach to describe the supercapacitor performance of electro-
chemically addressable materials like mixed transition metal oxides (MTMO). In this way a correct description of these capacitors
could be studied under a single term which is known as hybrid capacitors.

In recent years, spinal structures transition metal oxides AyB3.4O4 (Where A and B are two different transition metals) have gained
much attraction for their electrode candidacy in energy storage applications. Ni, Co, and its co-materials contain enhanced electro-
chemical performances as electrode materials, therefore has remarkable contribution as energy materials [9-13]. Among various
spinel metal cobaltites, the nickel cobaltite (NiCo204) has been reported to have extensive applications in catalysis [14]. Besides the
low cost and less toxicity, the fast oxidation reduction reaction in nickel cobaltite is favored due to multi-oxidation states that result in
excellent sp. Capacitance [14]. In comparison to individual nickel oxide (NiO) or cobalt oxide (Co304), the nickel cobaltite (NiCo204)
has been found to be promising for supercapacitors with greater electrical and electrochemical performances [15]. Moreover, in
comparison to binary metal oxides, the mesoporous structure of nickel cobaltite provides more electroactive sites for the interaction
between electrode and electrolyte and hence improves the capacitive performance [14-16].

In 1991, MWCNTs (multi-walled carbon nanotubes) were first time discovered by lijiama [17]. Due to their thermal and electrical
stability, porous and hollow structure makes them an important nanomaterial for various applications [18-23]. Literature on the
insertion of mixed transition metal oxides onto carbonaceous sp? materials like CNTs is rare and reported that the properties of
MWCNTSs can be improved via this fabrication [24]. The insertion of MTMO results in enhancing electrons’ kinetics and the diffusion of
ions at the interface (electrode — electrolyte). The introduction of MWCNTSs provides superior thermal conductivity, good structural
tenacity, and excellent electrochemical performance of energy storage devices [25-30]. CNTs (up to1300 m?/g) possess a high exo-
hedral surface area due to which interaction between electrode and electrolyte during a redox activity would be greater.

Considering the impact of MWCNTs and nickel cobaltite on capacitive performance, the current study is focused to integrate
Nip.2Co2,804 with MWCNTSs. Both supported and unsupported synthesized materials (Nip 2Co2 804/MWCNTs and Nig 2Coy 804) were
further investigated for their electrochemical performance as anode candidates in supercapacitor and OER applications.

2. Experimental
2.1. Materials

High grade chemicals and reagents were used in current studies including nickel nitrate Ni(NOs3)2.6H20, cobalt nitrate Co
(NO3)2.6H50, (Uni-chem Ltd), anhydrous citric acid (Sigma-Aldrich), ethylene glycol (Sigma-Aldrich), multi-walled carbon nanotubes
(main range of diameter; < 2 nm), 2 x 2 cm? chip of nickel foam, nafion solution (5 %), potassium hydroxide (Sigma-Aldrich) and de-
ionized water.

2.2. XRD and SEM analyses

The synthesized materials were analyzed for their structures and morphology. The structural measurements were carried out using
Cu-KaX-ray diffraction (1.5418 A) with the diffraction angle of 10°~70° and the crystallite size of the sample was determined from XRD
pattern using Scherer’s equation. The morphology of prepared material was studied using FEI Nova 450 Nano SEM.

2.3. Materials’ synthesis

The sol-gel synthetic protocol was used to synthesize Nip 2C02 804. The stoichiometric amount of nitrate precursors of nickel and
cobalt; Co(NO3),.6H20 (15.9 g), Ni(NO3)2.6H0 (1.163 g) was used. Anhydrous citric acid (15.37 g) was added as a chelating agent.
Briefly, in homogenous solutions of precursors, citric acid was added slowly. The temperature was raised to 80 °C along with
continuous stirring. The temperature was raised to 80 °C along with continuous stirring. After 2 h the temperature was raised to 110 °C
till the gelation occurred followed by drying in electric oven for 9 h. The sample was further calcined at 900 °C for 8 h. The dark
blackish dried sample was grinded and characterized.

For the functionalization of MWCNTs, H>SO4 and HNO3 were used in a 1:3 ratio in which 100 mg MWCNTs were soaked and then
ultrasonicated for 6 h [31]. Washing of the subsequent mixture was done several times with distilled water till the filtrate attained
neutral pH. The functionalized MWCNTSs were oven dried for 12 h by keeping the temperature at 100 °C.

For synthesis of supported electrocatalyst (Nip 2Co2.804/MWCNTS), wet impregnation method was employed [31-34]. The weight
percent loading of MWCNTSs to Nip 2Co2 804 was done. Briefly, in a stoichiometric amount (same as used for unsupported sample) of
nickel and cobalt nitrate solutions, 10 mL of CoHgO (ethylene glycol) was added which acts as a reducing agent. Lastly, weighed
(0.061 g) functionalized MWCNTs were added in the solution followed by ultrasonication for 30 min at 0 °C. The temperature was
maintained at 100 °C for 3 h and was stirred at 450 rpm. To attain the sample morphology, it was calcined first for 2 h at 450 °C and
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then kept for 6 h in vacuum oven at 200 °C. A black color sample was obtained that was dried and then finally grinded to fine powder to
avoid any granules or fragments. The synthetic protocols are provided in Scheme 1.

2.4. Electrochemical cell setup and electrode fabrication

Electrochemical studies were carried out on GAMRY-3000 potentiostat/galvanostat/ZRA (USA). The electrochemical measure-
ments were made within a three-electrode cell system. Modified Ni-foam with MWCNTs supported and unsupported structures were
used as the working electrodes; platinum (Pt) wire and Ag/AgCl were the counter and reference electrodes, respectively. In the three-
electrode system, a 2 x 2 cm? chip of nickel foam was used to fabricate the synthesized material on it to be used as working electrode.
The fabrication was done by, initially, sonicating the synthesized material for 10-15 min 0.5 mL nafion solution (5 %) was then added
as a binder to the sonicated material and then firmly applied to nickel foam. The prepared electrode was dried by keeping it in an oven
(85 °C) for 15 h. The aqueous potassium hydroxide (1 mol/dm?) solution was used as electrolyte.

2.5. Electrochemical procedures

The CV and GCD (chronopotentiometry) measurements were carried out at room temperature at different scan rates and at
different current densities keeping the potential window between 0 and 0.7 V vs. Ag/AgCl electrode. The Nyquist plots were drawn
through EIS at open circuit potential and the frequency range was selected 100 kHz-10 mHz (amplitude of AC sine waves =5 mV). The
stability of investigated materials for supercapacitor application was monitored by CV cycling.

For water oxidation activity, the scanning for OER was performed at 5 mV/s by CV and LSV in 1.0 M KOH solution. Before running
these experiments, the conversion of potential was made to potential of reverse hydrogen electrode (Eryg) using Nernst equation
{ErnE = Eag/agcl + 0.059 pH + EXg/Agg} [35]. The voltammograms were scanned with uncompensated and compensated IR-drop. The
voltammograms with uncompensated IR-drop included the resistance due to electrolyte present in the solution whereas with
compensated IR-drop the resistance due to 1.0 M KOH electrolyte was excluded. For overpotential calculation, the Tafel plots were
drawn as overpotential (V) vs. log j (A/ em?) by using the equations {( = Eggg - 1.23 V); (n =+ blog j + a)} and the Tafel slope (b) was
evaluated. The electrode material’s stability for OER in water splitting was monitored by chronoamperometry (controlled potential
electrolysis; CPE), while keeping the potential of the electrode constant at 1.65 V vs. RHE.

Sol-gel Method
]
Solvent

Gelation

It

Drying Process

Wet Impregnation Method

Scheme 1. Synthetic protocols for Nig 2Co2 804 and Nip 2Coz2 §04/MWCNTs.
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3. Results and discussion
3.1. X-ray diffraction studies (XRD)

Fig. 1 shows the stacked XRD patterns of Nip2Cos.804 and Nip 2Co9.804/MWCNTSs. All the peaks are indexed based on the cubic
spinel crystal structure of NiCo204 (JCPDS card # 20-0781). Both the synthesized samples have attained a high degree of crystallinity.
For Nig 2Co2 804, the diffraction peaks found at 20.74°, 27.49°, 34.21°, 54.92°, 67.44° and 73.21° corresponds to (111), (220), (311),
(440), (511) and (440), respectively. With the introduction of MWCNTs into Nip 2Co2804, a dominant peak centered at 27.0° cor-
responds to the (002) which is attributed to carbonaceous phase related to the hexagonal graphite structures of MWCNTs, rest the
peaks are indexed same as of Nip2Co2g04 sample, this infers the successful incorporation of MWCNTs and Nig2Co2gO4. For
Nig 2C02,804/MWCNTs, a slight shift in (111) (with reference to pure Niy 2Co2 804) and the increase in the intensity of the diffraction
peaks was observed. It inferred that the MWCNTSs could intercalate between the layers or adsorb onto the surface of the oxide particles.
This interaction may cause changes in the crystal structure, lattice parameters, or preferred orientations of the Niy 2Co5 gO4, leading to
the shifting or disappearance of specific diffraction peaks associated with certain crystal planes. In Nig2Co2804/MWCNTSs, we
observed that with MWCNTs the diffraction peak intensity increased which inferred the well-organized dispersion of Nip 2Co02804
within MWCNTSs.

3.2. Morphological studies

Morphological analysis by SEM reflected uniform particle distribution and relatively smooth surface of Nig 2Co2804, Fig. 2(a).
While in case of Nig 2Co2 §04/MWCNTs, Fig. 2(b), the surface seems rougher and porous confirming the high surface area which leads
to improved super-capacitive performance. In Fig. 2(b)-a uniform and well dispersed deposition of Nig 2Co2.804 can be visualized on
the surface of MWCNTs. The EDX spectra of both unsupported and supported materials are displayed in Fig. 2(c and d). The con-
stituents Ni, and Co were well-coordinated in both synthesized samples. The presence of carbon was also envisioned in the supported
sample which thoroughly confirms the formation of Nip 2Co2 g04/MWCNTs.

3.3. Electrochemical investigations for supercapacitor

The synthesized materials were further investigated for their potency as anode candidates in supercapacitor and water splitting
applications. The electrochemical investigation for supercapacitor was carried out by performing cyclic voltametric experiments at
various scan rates (5, 10, 20, 50,100, 200, 500 mV/s). The redox activity of both materials is shown in Fig. 3 (a, b). The redox peaks at
0.36 Vand 0.44 V, in Nig 2Co5 gO4 represented M-O/M-0O-OH redox activity, where M denotes Ni or Co ions [36,37]. With the increase
in scan rates the peak current increased for both materials (Nip 2C02 804 and Nig 2C02.804/MWCNTSs) and the shift in redox peaks was
noticed, which could be attributed to the transportation of ions towards electrode material.

The graphs were plotted between (Ip) vs. square root of scan rate, Fig. S1 in supplementary material), and diffusion co-efficient (D)
was determined by the slope using Randles-Sevcik equation (I, = (2.99 x 10”n[(1 —o)ny] 1/ 2AD¢1,/ 2cv/?). The D, values were evaluated
tobe 1.08 x 10 2 cm?s ! and 1.56 x 10 3cm?s 7!, respectively, for Nig 2Co2 804 and Nig 2C02,804/MWCNTs. The linear rise of current
with scan rates further indicated the involvement of diffusion-controlled process and the lower D, value for Nip 2Co2804/MWCNTSs
authenticated slow diffusion due to massive material [38]. The relation between sp. capacitance and current is given as follows, [35].
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Fig. 1. Stacked XRD patterns of Ni0.2C02.804 and Ni0.2C02.804/MWCNTs.
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Fig. 2. SEM image of (a) Nip 2C02g04 (b) Nip 2C0204/MWCNTs along with their (c, d) EDX spectra.

Csp = [Idvi2 mvAV 1)

Where, [Idv shows the area under the curve, m, v, and Av, respectively, are electrode mass (1 mg), scan rate (Vs’l), and potential
range/window (0-0.7 V). The calculated Cgp values for Nip 2Co2 804 at 5 mV/s to 500 mV/s were evaluated to be 21.6, 10.8, 5.40, 2.16,
1.08, 0.54 and 0.216 Fg'l, respectively, while for Nip 2Co.804/MWCNTs these values were 505.8, 252.8, 126.3, 50.6, 25.3, 12.6, and
5.05 Fg! at same scan rate range (5-500 mV/s).

At the lowest scan rate of 5 mV/s, the Cg, value for Nig 2C02.804/MWCNTSs was evaluated to be ~ 23 times higher than the pristine
Nig 2Co3804 and inferred the excellent conductivity of the as-prepared Nig 2Coz s§04/MWCNTs electrode. Further, the greater value of
specific capacitance at slow scan rate may refers to interaction either due to penetration of ions into the pores of electrode or they
diffused, while at higher scan rate, the interaction occurred only at surface of electrode [36]. The Cs, values, as evaluated greater for
Nig 2C02,804/MWCNTs than that for Nip 2Co2 804 at all scan rates, could be attributed to the fact that MWCNTSs provided large active
sites which ultimately enhanced the capacitance value of Nip 2Co2,804 [39]. Hence, the observed behavior inferred the comparatively
more suitability of Nig 2Co2.804/MWCNTs for supercapacitor application. The scan rate effect on Cgp could be seen in Fig. 3(a, b; inset).

The Nig 2Co2804/MWCNTs electrode maintained 85 % of the initial capacitance, which was higher than that of the pure
Nip.2Co2.804 with 78 % capacitance retention at 1000 cycles, indicating relatively more cycling stability of hybrid electrode material.
The higher cycling performance may be due to the synergetic effect of Nip 2Co2.804 with MWCNTSs. This indicated that inclusion of
MWCNTs played a crucial role in enhancing cycling life span of electrode material. The relation between capacitance retention and
number of cycles is displayed in Fig. 3(c).

The galvanostatic charge/discharge profile of Nig 2Co2 g§04 and Nig.2Co2 g04/MWCNTs was studied at different current densities of
0.5A/g, 0.6 A/g and 0.7 A/g, Fig. 4 (a, b). At high current densities (0.6 and 0.7 A/g), Nip 2Co 804 electrode suffered a sudden big
potential drop (IR-drop) at the beginning of the discharge curve, while at comparatively low current density (0.5 A/g) the overall
charging/discharging time was found to be around 650 s, Fig. 4 (a). The IR-drop is basically ascribed to the electrolyte’s resistance and
the ions’ diffusion resistance which impacts on a capacitor in terms of its overall performance [40]. In case of Niy 2C05804/MWCNT,
the entire charging/discharging time was found to be greater at all current densities with comparatively greater value (around 700 s) at
low current density (0.5 A/g), Fig. 4 (b). The reviewed results revealed that the highest discharging time is mainly due to considerable
surface area and inferred the suitability of the material for electrode in energy storage applications [41-43]. The Cg, values for both
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materials were evaluated by using equation (2), [35,44].
Cyp = (1Y/(MAV) @

Where I and dt, respectively, are charging/discharging current (A) discharging time (s), while other parameters (m, AV) are same as in
Eq. (1). The specific capacitance (Fg’l) values were calculated to be 57.3, 33.2 and 21.95 for Nig 2Co5 804 and 1598, 792 and 574 for
Nip.2C02,804/MWCNT at 0.5 A/g, 0.6 A/g and 0.7 A/g current density, respectively. The specific capacitance of both materials
drastically decreased at 0.7 A/g that indicated kinetic hindrance due to potassium ion penetration at high current density [35,36].

The energy density (Ed) of each as-fabricated electrode was evaluated by using the values of specific capacitance (Cgp) in equation
(3), while the power density (Pd) was obtained by using the value of Ed in equation (4), [35,44].

1 1
Ed=3 (Csp x AV?) 16 3

Ed
Pd= ur 3600 “@

In above equations, AV represents the potential window (0-0.7 V) and dt is the discharging time in seconds. The evaluated values of
energy density and power density along with Cgp (Fg~! from GCD) and dt (the time where materials discharged completely) are
provided in Table S1 in supplementary material. The Ragone plots of Niy 2C02.804 and Niy 2Co2,804/MWCNTs are displayed in Fig. 4
(c). In comparison to Nig 2Co2 g04, Nig 2C02,804/MWCNTSs delivered a high energy density (Ed) of 109 Wh/kg at 1114 W/kg of power
density (Pd) at 0.5 A/g and maintained at around 39.06 Wh/kg at 1559 W/kg at 0.7 A/g. The values indicated that supercapacitor
efficiency of current hybrid is better than that of reported NiCo204@MWCNT for which these values were found less [36].

Fig. 5 displayed the overlay of Nyquist plot of Nigp 2Co2 804 and Nip 2Co3804/MWCNT along with the model of equivalent circuit
that best fitted to measure EIS parameters, whereas individual Nyquist plots are provided as Fig. S2 in supplementary material. Rg, Ret,
CPE, and Z,, represented solution resistance, charge transfer resistance, constant phase element, and Warburg impedance, respectively.
Since depressed semi-circles were featured in the Nyquist plots of both materials, the precise fitting was made by replacing the double
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layer capacitance (Cq;) with CPE in the topology [45]. At the low frequency region, the linear portion of the response is related to Z,
and indicative of ions’ diffusion onto the surface of electrode [35]. Nip 2Co2 804 showed high frequency semicircle on the real axis
inferring solution resistance R (2.479 Q) and low frequency tail resulted from the capacitance behavior of cobalt and nickel oxide,
while for Nip 2Coz 804/MWCNTSs, from the intercepts of the high-frequency semicircle on the real axis, the calculated solution resis-
tance (Rg) was found to be 2.098 Q. The calculated charge transfer resistance (R and capacitance (Cq)) values were found to be 4.21
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Q cm? and 12.64 F em? for Nig 2Co2 §04. However, for Nig 2C02 §04/MWCNTSs, the diameter of arc within a high and middle frequency
region gave lower Ry (3.48 Q cm?) and higher Cg (18.37 F cm?) values which indicated a good contact between the electro-
de/electrolyte surfaces and could be inferred to have improved electrical conductivity of supported electrode material [35,46-48]. The
comparatively lower R of Nig2Co2.804/MWCNTs could be attributed to the formation of new interfaces in a composite that may
facilitate electrons transfer hence resulted in lower charge transfer resistance.

3.4. Electrochemical investigations for OER in water splitting

LSV was performed parallel to CV to support the results obtained from CV. The onset and over potential values, as taken from both
CV and LSV, were found almost similar. The CV and LSV voltammograms for Nip2Co3804 and Nip2Co2804/MWCNTs with
compensated IR-drop are shown in Fig. 6 (a, b), while with uncompensated IR-drop, provided as Fig. S3 in supplementary material. The
onset potential was found to be 1.55 V (vs. RHE) while the over potential was evaluated to be 380 mV at current density of 100 mA/cm?
for Nig 2C02.804. In the case of supported material Nij 5Co2 g§04/MWCNTSs, the onset potential was not clear as the oxidation peak is
present in this region, while the over potential was found to be 340 mV @100 mA/cm?. These values validated the reliability of both
investigated materials for OER performance. Overall, the lower over potential for Niy 3Co §04/MWCNTSs pointed out this material to
have comparatively better anode candidacy for OER in water splitting process.

The Tafel slopes, as obtained from LSV, are shown in Fig. 7 (a). Nig 2Coz 804 /MWCNTs showed low Tafel slope value of 47 mV/dec
as compared to Nip 2Coz g04 which was found to be 71 mV/dec. The lower Tafel slope for Nip 2Coz §04/MWCNTs revealed minimum
potential changes per decade; hence could be attributed to its comparatively more suitability as an electrocatalyst for long lasting
water splitting [35,49,50].

Further, the stability of synthesized materials was checked by chronoamperometric protocol and current density vs. time graphs
were plotted, Fig. 7(b). The controlled potential electrolysis (CPE) revealed that at current density of 19 mAcm ™2 and 23 mA/cm? for
Nig 2C02,804 and Nig 2C09.804/MWCNTs, respectively, these materials remained stable at selected span of time for OER in water
oxidation [51,52].

Overall, the better performance of supported material for both supercapacitor and OER water splitting applications could be
associated with large surface area and high conductivity of MWCNTs.
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3.5. Electrochemical performance comparative studies

Herein, Table 1 is provided to compare our elucidated electrochemical parameters for supercapacitor and OER with that reported
for Ni-Co based electrocatalysts. It could be seen from Table 1 that the capacitance value at low scan rate for the Nigp2Co2 804/
MWCNTS, in current study, is well improved and high as compared to reported NiCo204 and its composites with carbon nano tubes
[35,36,53]. Also, parameters in Table 1 indicate better OER performance of studied materials in comparison to some benchmark NiCo
based electrocatalysts [53-58]. The overpotential values of studied electrocatalysts for OER were evaluated @100mAcm’2 and found
comparative and even lower than that evaluated for reported Ni-Co based electrocatalysts @10mAcm 2. Table 1 also provides a
comparison with bare Ni-foam for supercapacitor and OER parameters [59,60]. These comparisons further supported our findings for
the studied materials, particularly for Nip 2Co2.804/MWCNTs to have efficient and sustainable anode candidacy to be used in both
supercapacitor and OER applications.

4. Conclusions

The anode candidacy of Nip 2Co2 804 and Nig2Co2.804/MWCNTSs for supercapacitor and OER water splitting applications was
monitored via electrochemical performance studies. Among the two, the supported catalyst Nip 2Co2.804/MWCNTs achieved high
specific capacitance of 505.8 Fg! at 5 mV/s (CV) and 1598 Fg! at 0.5 A/g (GCD). The same material showed a high discharging rate at
low current density (0.5 A/g), lower charge transfer resistance (R¢; 3.48 Q cmz), and high capacitance retention (85 %) of after 1000
cycles. These findings made the integrated material (Nip 2Co2.804/MWCNTSs) advantageous over Nip2Coz 804 for super-capacitor
applications. The OER results for water splitting also revealed the supported material (Nip 2Co2804/MWCNTSs) an efficient electro-
catalyst in terms of comparatively lower over potential, Tafel slope, and indelible stability at current density of 23 mAcm 2in 1.0 M
KOH. Conclusively, our findings could propose Niy 2Co2.3804/MWCNTSs a potential anode candidate to be used as electrocatalyst for
supercapacitor and OER water splitting applications.
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Table 1
Comparison of the electrochemical parameters for supercapacitor and OER applications in alkaline media.
Anode material Substrate Supercapacitor parameters OER parameters Reference
Cop (Fg’l) Energy Power Rs(Q)/R¢¢ Onset Over Tafel
density density (Qem?)/Cq potential (V) Potential slope
(Whkg-1) (Wkg-1) (Fem?) (vs RHE) (mV) mVdec™!
Nig.2C02.804 Ni-foam CV:21.6 @5 3.99@ 0.5 1113@ 0.5 2.479/4.21/ 1.55 380 71 Current
mvs! Ag? Ag’l 12.64 work
GCD:57.3(@
0.5Ag!
Nig 2Co5.804/ Ni-foam CV:505.8 @ 5 109@ 0.5 1114@ 0.5 2.098/3.48/ - 340 47 Current
MWCNTs mvs?! Ag? Ag! 18.37 work
GCD:1598@
0.5Ag"!
NCO@MWCNT Ni-foam Cv:114@ 10 95@ 2 Ag'1 3964@ 2 ./2.857/. - - - [36]
mvs™) Ag?
GCD: 374@ 2
Agl
NiCo,04 nanograss CNT/SS GCD:1223@ 1 34.4 225 1.46/0.04/. - - - [37]
Ag'1
C0304/NiCo0504 Ni-foam 972@5 Ag'1 - - - 1.53 340 88 [53]
DSNs
NixCoyMn,04 GC- - - - 5.0/./. 1.7 400 74 [54]
calcinated at electrode
300 °C
NiCo nano-needles CNTs/CF - - - ./ ~20/. 1.62 320 82 [55]
NiCo0,04, GC - - - - 1.53, 1.50 428, 141,137 [56]
NiCo0,04/GNs -electrode 383
NiCo204 FTO@400 - - - - 1.55 375 54 [57]
°C
NiCo-LDH-NA CF-paper - - - - - 307 64 [58]
Bare Ni-foam Nickel 35@10 mVs™! - - 5.87/./. 1.556 337 97 [59]
foam [60]
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