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Abstract  Developing a high-performance anode 
and cathode for a supercapacitor that simultaneously 
has a high specific capacitance and a high energy 
density is a difficult task. Pyrolysis of Ni-MOF is 
used in this study to build Ni–C nanoparticles  with 
a porosity that can be tuned and a high surface 
area. A straightforward acid treatment can be used 
to produce an N-doped porous carbon anode and 

Ni(OH)2-coated Ni–C (Ni(OH)2-Ni-C) cathode, both 
of which are based on Ni–C. The capacitance of the 
N-doped porous carbon anode is three times that of 
the Ni–C nanoparticle. This is because the N-doped 
porous carbon anode inherited the porous structure 
of the Ni–C nanoparticle, and it also included more 
carbon. The Ni(OH)2-Ni-C cathode also demonstrates 
suitable capacitance and rate performance. This is 
because of the synergistic effect of the ultrathin nano-
active layer and the Ni nanoparticles for high-rate 
discharge ability, which is supplied by the cathode’s 
distinctive core–shell structure. The manufactured 
asymmetric supercapacitor, which uses the cathode 
and anode described in the previous sentence, dem-
onstrates outstanding capacitive performance and 
significant reversibility. The capacitor has an energy 
density of 49.7 Wh kg−1 when the current is 2 A g−1. 
The porous structure, adequate conductivity, and the 
one-of-a-kind Ni(OH)2 ultrathin nano-active layer 
contribute to the material’s great performance. The 
straightforward yet effective design procedure will 
be useful for the application of MOF in the field of 
energy storage, which includes fields like batteries 
and supercapacitors.
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Introduction

Supercapacitors, a rapidly developing and rap-
idly expanding application technology, can be fully 
charged and discharged at lightning speed and with 
astounding efficiency [1–3]. Because of its numerous 
benefits, including high power density, rapid charge 
and discharge, a long life cycle, and low environ-
mental impact, supercapacitors have found countless 
uses [4, 5]. However, well-matched negative/positive 
materials are hard to come by, and supercapacitors’ 
low energy density and poor cycle performance are 
barriers to their widespread use [6]. The electrochem-
ical behavior of the electrode material, the selection 
of electrolytes, and the potential window of the elec-
trode are only a few of the many aspects that influ-
ence the energy storage capacity of supercapacitors 
[7]. In order to create high-energy–density superca-
pacitors, there is a pressing need for the design and 
development of innovative anode and cathode materi-
als [8, 9].

Supercapacitor anode material research has tradi-
tionally focused on porous materials due to their abil-
ity to enhance quick mass transfer of energy and elec-
tron transfer storage [10, 11]. Because of their high 
energy density and huge surface area, porous carbon 
materials are employed as electrodes in supercapaci-
tors [12]. Activated carbon processed from Eucommia 
ulmoides wood was utilized to improve the perfor-
mance of supercapacitors [13]. Lei’s team improved 
the capacitance performance of supercapacitors by 
activating graphene aerogel with phosphoric acid 
[14]. Most carbon materials have a limited capacity 
to store charge in their electric double layers, which 
severely limits their use in supercapacitors [15, 16].

Cathode materials for supercapacitors can be 
found in readily available transition metal oxides 
due to their high theoretical capacitance [17, 18]. 
Although the redox reaction makes pseudocapacitor 
material a popular choice for use in supercapacitors, 
it has subpar kinetics and cyclic stability [19, 20]. 
Researchers have discovered a variety of capacitors 
with pseudocapacitance electrodes that achieve great 
energy and power densities [8, 21]. Pseudocapacitor 
electrodes made on transition metal hydroxides are 
reliable. An extremely efficient capacitor with a wide 
voltage range of up to 1.2 V can be made with an AC-
negative electrode and a Ni(OH)2-positive electrode 
[22]. However, transition metal hydroxide still has 

issues, such as weak conductivity and inefficient use 
of active materials [23, 24].

Metal–organic framework (MOF)-based poly-
porous carbon materials, metal oxides, and carbon 
composites have all shown promising results in the 
field of energy storage in recent years [6, 25]. The 
emergence of MOFs as a porous material with desir-
able characteristics for supercapacitors makes them 
a promising candidate [26, 27]. The metal–organic 
framework materials’ porous nature and excellent 
conductivity make them ideal for use in supercapaci-
tors containing transition metal oxides [28, 29].

With the help of Ni-MOF, we were able to syn-
thesize Ni–C material with controllable porosity 
and a large surface area. Ni–C was employed in an 
acid treatment to create the N-doped porous carbon 
anode and Ni(OH)2-Ni-C cathode. The electrochemi-
cal analysis verified that the capacity of the porous 
carbon composite is three times higher than that of 
Ni–C when compared to the N-doped porous car-
bon negative. Because of its one-of-a-kind structure, 
Ni(OH)2-Ni-C cathode is also highly effective in 
terms of capacitance and rate performance. Excel-
lent capacitance performance and outstanding revers-
ibility are hallmarks of the asymmetric supercapaci-
tor fabricated using the aforementioned cathode and 
anode. The energy density of the capacitor is 49.7 
Wh kg−1 at 2 A g−1. The superior performance can 
be attributed to the Ni–OH–Ni–C nano-active layer’s 
porous structure, high electrical conductivity, and 
unique ultra-thin Ni(OH)2 layer. This investigation 
uncovered the electrochemical behavior of nickel 
composites and offered novel research suggestions 
for developing the electrode of high-specific–capacity 
supercapacitors.

Materials and methods

Ni‑MOF synthesis

The aforementioned Ni-MOF was made using the 
methods described in the paper [30]. To be more 
precise, 30  min of stirring at room temperature was 
spent combining 0.249 g of nickel acetate, 0.244 g of 
isonicotinic acid, 6  mL of nitrogen dimethylforma-
mide, and 4 mL of acetonitrile. After adding 75 mL 
of triethylamine, the mixture was stirred for another 
30  min. After the mixture was thoroughly mixed, it 
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was moved to a Teflon jar and heated at 150  °C for 
72 h to produce the dark green crystalline.

Ni‑MOF‑GO synthesis

Ni-MOF-GO composites were developed with com-
positions comparable to Ni-MOFs apart from the 
addition of graphene to the solution. The mass pro-
portions of adding graphene are 1%, 3%, and 5%, 
respectively. These composites were designated as 
Ni-MOF-GO-1, Ni-MOF-GO-3, and Ni-MOF-GO-5, 
respectively.

Ni‑C synthesis

In an argon environment, the as-prepared Ni-MOF 
and Ni-MOF-GO were heated from room tempera-
ture to 700 °C at a heating rate of 50 °C min−1, and 
the temperature was held there for 2 h to obtain the 
equivalent Ni-C composite.

Porous carbon synthesis

The Ni–C composite was formed through a 700  °C 
argon atmosphere calcination of Ni-MOF, and then 
100 mL of 1 M FeCl3 + 1 M HCl solution was added 
to the resulting mixture. To get rid of the Ni ele-
ment, the mixture was agitated in an oil bath at 80 °C 
for 12  h (condensing and refluxing), then extracted, 
washed with de-ion water, and dried at 70 °C.

Ni(OH)2‑Ni‑C synthesis

After calcining Ni-MOF at 700 °C in an argon envi-
ronment, a composite of Ni and carbon was formed. 
This composite was then mixed with 3 M HCl solu-
tion at 90 °C while stirring for 2 min.

Characterization

Using a Bruker D8 Advance diffractometer equipped 
with a Cu target tube and a graphite monochromator, 
we obtained X-ray powder diffraction patterns from 
the materials at 40  kV and 40  mA. N2 adsorption/
desorption isotherm (Belsorp-max) was used to deter-
mine the pore size distribution and specific surface 
area. Field-emission scanning electron microscopy 
(SEM; TESCAN Brno, s.r.o. MAIA3) and transmis-
sion electron microscopy (TEM; JEOL 2100F) were 

used to study the structure and morphology. The ther-
mogravimetric analysis (TGA) of the complex was 
evaluated and described using a German nac thermo-
gravimetric analyzer in a nitrogen environment at a 
heating rate of 10 °C min−1.

Electrochemical detection

All samples were put through a battery of tests to 
determine their electrochemical properties using 
a CHI 760C electrochemical workstation (Shang-
hai Chenhua). These tests were performed with a Pt 
counter electrode, a Ag/AgCl reference electrode, 
and Ni-MOF or its derivatives as the working elec-
trode. First, a sheet of carbon paper measuring half 
a centimeter square was ultrasonically cleaned in a 
mixture of water and ethanol for 30  min. The com-
ponents, acetylene black and polyvinylidene fluoride, 
were mixed with a ratio of 80:10:10, and the NMP 
was added to make the slurry, which was coated on 
the carbon paper with an area of about 1 cm2 and then 
baked in an oven at 120  °C for 5  h. Each electrode 
piece was meticulously weighed, and its active mate-
rial quality was checked. The activated electrode was 
immersed for 24 h in 1 M Na2SO4 electrolyte solution 
after being manufactured. After that, a spare electrode 
was placed at each pole, and the prepared electrode 
was connected. The ionic membrane was subse-
quently plated with electrodes on both sides.

The constant current charge and discharge method 
is used to quantify stability. At room temperature, 
we put the platinum electrode, reference electrode, 
calomel electrode, and working electrode through 
their paces using a standard three-electrode method. 
Capacitors were put through their paces with a two-
electrode device that measures their electrochemical 
properties.

Evaluation of the electrochemical efficiency of a 
working electrode.

The electrochemical properties of the material, 
including cyclic voltammetric curves (CV), charge-
discharge test (GCD), cycle stability test,  were 
tested with a three-electrode system with 1 M KOH 
as the electrolyte  based on Ag/AgCl reference elec-
trode and preparation of electrode materials as work-
ing electrode.

The specific capacitance (C, F g−1, F cm−1, F 
cm−2, F cm−3) of the electrode material and device 
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is calculated using formula (1), while the specific 
energy (E, Wh kg−1, Wh cm−1, Wh cm−2, Wh cm−3) 
and specific power density (P, Wh kg−1) are calcu-
lated using formulas (2) and (3):

Results and discussion

Praveen K. Thallapally [30] revealed the complicated 
Ni-MOF depicted in Fig. 1. The report states that the 
complex has a three-dimensional structure with an 
adamantane topology due to the coordination of iso-
nicotinic acid and nickel ions. A three-dimensional 
microporous MOF is formed by the interleaving of 
two three-dimensional structures. Ni-MOF’s iso-nico-
tinic acid has nitrogen atoms. Carbonized MOFs yield 
nitrogen-doped porous carbon, which has higher elec-
trical conductivity [31]. To create a porous compound 
with pseudo-capacitance, nickel can be reduced to 
nickel sulfide or nickel oxide [32, 33].

TEM analysis (Fig. 2a and S1a1) reveals that Ni-
MOF consists of nanoparticles with an uneven shape. 
Ni–C produced from Ni-MOF is likewise irregular 
nanoparticles, as seen in Fig. 2b and S1b1, and it is 
covered in a dense coating of many smaller nanopar-
ticles. It is clear that the little particles on the surface 
of the Ni–C nanoparticles are nickel (Figure  S1b3) 
since they vanished after the Ni–C was bathed in 

(1)C =
IΔT

mV

(2)E =
1

7.2
C(ΔV)

2

(3)P = 3600
E

Δt

an aqueous solution of Fe3+ and HCl to eliminate 
the elemental nickel (Fig.  2c). Carbon element was 
evenly distributed in Ni-MOF, Ni-C, and Ni(OH)2-
Ni-C samples ((Figure  S1a2, S1b2, and S1c2). The 
transmission electron micrograph (TEM) in Fig.  2d 
reveals that the Ni nanoparticles are uniformly dis-
persed throughout the porous carbon (Figure S1c3).

Figure  3a shows that the simulated XRD spectra 
agree well with the XRD-derived peaks of all the pro-
duced Ni-MOFs, demonstrating that the series of Ni-
MOFs all share the same structure. Ni-MOF can be 
converted into the matching Ni–C porous materials by 
carbonizing it at 700 °C in an inert environment. Fig-
ure 3a shows that the materials formed via Ni-MOF 
are Ni–C composites, with peaks at 44.3°, 51.7°, and 
76.2°, which correspond to the crystal surfaces (111), 
(220), and (222) of nickel, respectively. Soaking it 
in a solution of Fe3+ and HCl helped get rid of any 
remaining nickel. Ni was probably extracted from 
Ni–C in order to obtain the porous carbon, which can 
be verified through BET, as the characteristic peak of 
elemental Ni has been removed, leaving just the big 
packet peak of carbon at a low angle. Simultaneously, 
the diffraction peak of hydrochloric acid-treated 
nickel hydroxide may be observed. Additionally, 
peaks at 2θ = 19.1°, 32.9°, 38.4°, and 59.0° are asso-
ciated with the reflections of (001), (100), (101), and 
(110) of Ni(OH)2 (JCPDS No. 14–0117) in Ni(OH)2-
Ni-C sample.

Raman spectra of Ni–C, porous carbon, and 
Ni(OH)2-Ni-C are shown in Fig.  3b. Raman char-
acteristic peaks of Ni-MOF doped with GO include 
peaks typical of both Ni-MOF and GO. Fig-
ure  3b shows the D and G bands of carbon mate-
rial at around 1350  cm−1 and 1600  cm−1. After Ni 
is removed, however, porous carbon only exhibits 
the carbon-based Raman signal. X-ray photoelec-
tron spectroscopy (XPS) was used to evaluate the 

Fig. 1   Flow chart of syn-
thesizing cathode and anode 
materials from Ni-MOF as 
a precursor and assembling 
them into supercapacitors
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elemental configuration and chemical bonding states 
of the Ni-MOF’s surface (Fig. 3c–f). Ni-MOF’s entire 
spectrum (shown in Fig. 3c) reveals the presence of 
the elements Ni, C, O, and N. C 1 s XPS spectral data 
is shown in Fig.  3d. The binding energy for C = N 
is 285.7 eV, whereas that for C–N is 288.3 eV [34]. 
Figure 3e N 1 s XPS spectrum also reveals the pres-
ence of doping nitrogen in the Ni–C sample display-
ing this state, with peaks at 400.9  eV (correspond-
ing to graphite nitrogen), 399.4  eV (corresponding 
to pyrrole nitrogen), and 398.3  eV (corresponding 
to pyridine nitrogen) [35]. Two peaks, at 853.9  eV 
and 870.1  eV in the Ni 2p XPS spectra shown in 
Fig.  3f, correspond to the Ni2+ 2p 1/2 and Ni2+ 2p 

3/2 corresponding to shakeup satellite peaks, respec-
tively, proving the presence of Ni in the sample.

The nitrogen adsorption test was performed at 
77 K to further examine the BET and pore size dis-
tribution of the materials. Ni-MOF is predominantly 
composed of microporous material with a specific 
surface area of 440 m2  g−1, as seen by its nitrogen 
adsorption curve (Figure  S2a of Electronic Supple-
mentary Material), which is a typical type I adsorp-
tion curve. Materials with complex porous archi-
tectures can be created by using porous Ni-MOF as 
a template. Ni–C is a mesoporous material having a 
specific surface area of 198.9 m2  g−1, as shown by 
the type II adsorption curve for N2 (Figure S2b). Pore 

Fig. 2   A typical TEM image of (a) Ni-MOF, (b) Ni-C, (c) porous carbon, and (d) Ni(OH)2-Ni-C
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sizes in Ni–C composites are mostly spread between 
3 and 25 nm, as shown in Figure S2c, which displays 
the pore size distribution of Ni–C. Hydrochloric 

acid was used to dissolve nickel from Ni–C compos-
ites, resulting in the porous carbon material known 
as Ni–C. Nitrogen adsorption shows a type II curve 

Fig. 3   The XRD patterns (a) and Raman spectra (b) of Ni-C, porous carbon and Ni(OH)2-Ni-C. XPS survey spectrum of Ni-MOF 
(c). High-resolution XPS spectra for (d) C 1 s, (e) N 1 s, and (f) Ni 2p
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(Figure S2d), indicating that the pore size is primarily 
mesoporous. The specific surface area is 342.5 m2 g−1 
after nickel removal, which is greater than Ni–C. Fig-
ure S2e shows that C is also a mesoporous material 
because its pores are primarily dispersed at 3  nm, 
25 nm, and 42 nm.

Materials carbonized in air have weak electro-
chemical characteristics; hence, carbonization in a 
nitrogen atmosphere was examined in more detail. 
The Ni–C composite was manufactured into working 
electrodes, and their electrochemical behaviors were 
monitored throughout a range of charge and discharge 
electrode potentials in order to investigate their elec-
trochemical properties. The carbonization in a nitro-
gen atmosphere charge–discharge and cyclic voltam-
metry curves for electrode materials is displayed in 

Fig. 4. Scanning rates of 10, 20, 50, and 100 mV s−1 
were used, with the voltage window set at − 0.8 
to 0.2  V. Figure  4a shows that as scanning speed is 
increased, the integral area of the cyclic voltammetry 
curve moves further toward an elliptical form. Over-
all, the quasi-rectangular shape of their potential win-
dows is indicative of the complexes’ high capacitance 
and rapid charge–discharge behavior [36]. Charging 
and discharging times remain proportional as current 
density increases, forming an inverted triangle. The 
carbon in the electrode reacts with the electrolyte, 
producing a nearly linear relationship between time 
and potential. After doing the math, we find that the 
specific capacity of Ni–C composite is 214.9 F g−1 at 
a current density of 2 A g−1, 139.1 F g−1 at 4 A g−1, 
99.9 F g−1 at 8 A g−1, and 90.8 F g−1 at 20 A g−1. It is 

Fig. 4   (a) CV curves for Ni–C composite electrode. (b) 
GCD curves of Ni–C composite electrode. (c) Electrochemi-
cal stability of Ni–C electrode at current density of 0.1 A g−1 

over 10000 cycles. (d) CV cures of Ni–C electrode 1st cycle, 
5000th cycle, and 10000th cycle
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concluded that the carbonized Ni–C composites have 
favorable electrochemical properties in an environ-
ment rich in nitrogen.

As can be seen in Fig.  4 c and d, the electro-
chemical stability of the Ni–C composite electrode 
improves with the number of scans performed at a 
scanning speed of 10 mV s−1, and the specific capaci-
tance of the electrode gradually increases throughout 
the course of the experiment. This may be the result 
of multiple factors working together. During the 
electrical cycling process, the surface properties and 
structure of electrode materials may change, thereby 
affecting their capacitance performance. Firstly, as 
the number of cycles increases, the active material 
on the electrode may undergo a series of physical and 
chemical processes, including surface reconstruc-
tion, optimization of pore structure, and permeation 
and diffusion of active ions in the electrolyte. These 
changes may lead to an increase in electrode sur-
face area, allowing more active sites to participate 
in charge storage and release, thereby improving the 
specific capacitance of the electrode. Secondly, dur-
ing the electrode activation process, pollutants or 
oxide layers on the surface may be removed, which 
can reduce the obstacles on the electrode surface and 
make it easier for ions in the electrolyte to come into 
contact with the active materials on the electrode sur-
face. This increased contact area and improved inter-
face characteristics can promote the charge transfer 
process and further enhance the specific capacitance. 
In addition, prolonged electrochemical cycling may 
lead to the formation or transformation of active 
phases in electrode materials, and these newly formed 
phases may have higher capacitance performance. 
For example, in some cases, electrode materials may 
undergo partial redox reactions, generating oxides or 
hydroxides with high specific capacitance character-
istics. It is also possible that the electrolyte gradually 
penetrates into the micropores and nanopores inside 
the electrode during the cycling process, which can 
increase the effective electrochemical surface area 
of the electrode and provide more active sites for 
charge storage. Finally, during the cycling process, 
the electrode material may undergo a certain degree 
of mechanical relaxation, thereby reducing internal 
stress and making the electrode structure more sta-
ble, which is also beneficial for improving the spe-
cific capacitance of the electrode. In summary, the 
gradual increase of electrode-specific capacitance is a 

complex process that involves physical and chemical 
changes in electrode materials, as well as improve-
ments in the interaction between electrodes and elec-
trolytes. These changes work together to optimize 
and improve the electrochemical performance of the 
electrode during the cycling process. When the num-
ber of cycles approach 4000, the specific capacitance 
of the electrode basically continues to be the same 
and remains generally steady. This indicates that the 
surface of the electrode and the electrolyte has been 
fully activated. The fact that the CV curves can still 
overlap, even after 5000 and 10000 cycles, and that 
the rectangular area is greater than the area before the 
cycle is evidence that this electrode material has good 
stability and repeatability. It is possible that the acti-
vated Ni–C composite, which has a greater specific 
capacitance than the original value by 118%, could be 
used as a supercapacitor material.

Carbon is the primary factor responsible for the 
double-layer effect that occurs in Ni–C compos-
ite electrodes following carbonization in a nitrogen 
atmosphere [37]. In order to facilitate a point-by-point 
comparison, the Ni element was removed experimen-
tally to obtain porous carbon. Subsequently, the elec-
trode was transformed into porous carbon to conduct 
cyclic voltammetry and constant current charge–dis-
charge tests. The parameters for detection are con-
figured to be the same as the Ni–C composite elec-
trode described before. Figure 5 a demonstrates that 
the potential windows of C composite have accept-
able quasi-rectangular features. This may be seen by 
examining the diagram. It is important to note that 
the rectangular area measured at the same scanning 
speed is bigger for the porous carbon electrode than 
it was for the Ni–C composite electrode. This find-
ing suggests that the porous carbon electrode has 
superior capacitive and quick charge–discharge capa-
bilities [38]. In porous carbon, the GCD curves take 
the form of an isosceles triangle, and the relationship 
between time and potential is shown to be linear in 
Fig. 5b. Following the completion of the calculations, 
it was determined that the specific capacity of porous 
carbon composite is 248.6 F g−1, 222.7 F g−1, 201.3 
F g−1, and 197.2 F g−1, respectively, when the cur-
rent density is 2 A g−1, 4 A g−1, 8 A g−1, and 20 A 
g−1 (Fig. 5c). It was determined that the capacitance 
of the porous carbon composite electrode could be 
improved by a factor of 3. The primary reason for 
this is that when the elemental Ni has been removed, 



J Nanopart Res (2024) 26:112	

1 3

Page 9 of 14  112

Vol.: (0123456789)

the gap in the C-MOF becomes bigger. This, in turn, 
increases the contact area that exists between the 
porous C composite electrode and the electrolyte.

Carbon is responsible for the electrochemical 
properties that are exhibited by Ni-MOF and porous 

carbon C-MOF electrode materials following car-
bonization in an environment consisting primarily of 
nitrogen. We used an in situ reaction to synthesize the 
derived material Ni-MOF-GO. We then changed the 
fraction of graphene for comparison in order to fur-
ther raise the carbon elemental content, which led to 
an improvement in the conductivity and an increase 
in the capacitance of the material. The percentages 
of graphene that was present were, in order, 1%, 3%, 
and 5%. For the purpose of conducting cyclic voltam-
metry and constant current charge–discharge tests, 
the electrode materials containing varying amounts 
of carbon were carbonized in an environment includ-
ing nitrogen. According to the findings of the tests 
(shown in Figure  S3), the potential window does 
not have a rectangular feature; rather, it has a sym-
metrical REDOX peak, which exhibits the features 
of a pseudocapacitance response. A nonlinear rela-
tionship is shown by the GCD curve, which is also 
the result of the REDOX process. The results of the 
XRD analysis revealed that the carbonized Ni-MOF-
GO material contained Ni element. Therefore, heter-
oatom-doped graphene can react well with Ni2+ ions 
in an alkaline aqueous solution to produce heteroge-
neous Ni sites at the molecular level. The Ni sites that 
are located on the surface of graphene exhibit clear 
REDOX properties and have the ability to transport 
OH− ions. It may also be deduced from this reaction 
that the redox reaction of nickel is catalyzed by the 
addition of graphene, which is another reason why 
this reaction occurred. Specific capacitance is deter-
mined by the current density, and for 0.4 A g−1, the 
values obtained are 137.2 F g−1, 266.8 F g−1, and 
46.8 F g−1, respectively. It first rises, then falls, as the 
amount of graphene in the material grows, and this 
pattern repeats itself before the capacitance. When 
the percentage hits 3%, the capacity for catalysis is 
at its highest point. The continual rise in the amount 
of graphene, on the other hand, makes it more diffi-
cult for elemental nickel and the electrolyte to come 
into touch with one another and slows down the cata-
lytic reaction, neither of which are desirable for the 
use of supercapacitors [38]. In comparison to Ni–C 
composite material, the specific capacitance of Ni-
MOF-GO-3 continues to increase even when the 
current density is relatively low, which was just pre-
sented. However, as the current density increases, the 
specific capacitance of Ni-MOF-GO-3 considerably 
falls. This results in a capacitance that is significantly 

Fig. 5   (a) CV curves for porous carbon composite electrode. 
(b) GCD curves of C composite electrode. (c) Specific capaci-
tance diagram of Ni–C composite and C composite
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less stable than that of Ni–C composite material. Due 
to the fact that the electrochemical properties of Ni-
MOF after carbonization in a nitrogen atmosphere 
are predominantly manifested as the properties of the 
double-layer capacitor with carbon, the conductivity 
and the capacitance can be increased [38]. Another 
REDOX reaction took place after the in-situ reac-
tion had increased the carbon content; however, this 
REDOX reaction did not succeed in producing the 
desired effect. An elemental nickel plays a relatively 
minor part during the entire detecting procedure. We 
are able to produce pseudocapacitors by producing 
nanoscale Ni(OH)2 on the surface of the element Ni, 
which results in a significant increase in capacitance. 
The curves of cyclic voltammetry and constant cur-
rent charge and discharge are measured in Fig.  6a. 
This is the case when the voltage window is set to 
0–0.6 V. When the scanning speed is increased to 10, 
20, 50, and 100 mV s−1, the CV curve that is obtained 
transforms into a symmetrical REDOX peak. This 
peak is a feature of pseudocapacitance, and it indi-
cates the action of Ni(OH)2 in this composite elec-
trode. It may be deduced from the symmetry of the 
GCD (shown in Fig.  6b) that the electrode material 
has a high degree of reversibility. The pseudo-capac-
itive activity of Ni(OH)2 in the mixed electrode with 
the electrolyte in the positive voltage zone is what 
causes the nonlinear relationship between time and 
potential. This behavior is seen in the positive volt-
age region. According to the results of a calculation, 
the specific capacities are as follows: 660 F g−1, 578.8 
F g−1, and 526.8 F g−1 when the current density is 
20 A g−1, 28 A g−1, and 40 A g−1, respectively. The 
impedance diagram of the electrode in contact with 
the electrolyte was fitted using Zview software. The 
internal resistances of the porous carbon electrode 
and Ni(OH)2-Ni-C electrode were 1.124 Ω and 2.623 

Ω in Figure S4, respectively. The difference in inter-
nal resistance between them is mainly due to their dif-
ferent physical structures and electrical conductivity 
properties. Activated carbon is a highly porous car-
bon material with a large surface area, which allows it 
to provide a large number of charge transfer channels 
and electrolyte contact points. This structural char-
acteristic gives activated carbon good conductivity 
and low internal resistance, as electrons and ions can 
move relatively freely in the porous structure. In con-
trast, Ni(OH)2-Ni-C typically has a relatively dense 
crystal structure with limited electron and ion trans-
port pathways, resulting in relatively high internal 
resistance. In addition, the conductivity of Ni(OH)2-
Ni-C is usually not as good as that of carbon mate-
rials, as the conductivity of carbon materials is usu-
ally better than most Ni(OH)2-Ni-C. Activated carbon 
is one of the commonly used electrode materials in 
electrochemical capacitors, which can provide high 
capacitance and fast charging and discharging capa-
bilities, largely due to its low internal resistance char-
acteristics. Ni(OH)2-Ni-C is commonly used in some 
battery technologies, such as nickel metal hydroxide 
batteries (NiMH), which have high internal resistance 
but can provide a higher energy density. Overall, the 
low internal resistance of activated carbon is mainly 
due to its porous structure and excellent conductivity, 
while the high internal resistance of Ni(OH)2-Ni-C 
is due to its denser structure and relatively low con-
ductivity. The charge transfer resistances of the multi-
empty carbon electrode and Ni(OH)2-Ni-C electrode 
are 0.129 Ω and 0.124 Ω, respectively. The similar 
values are due to the fact that porous carbon elec-
trodes and Ni(OH)2-Ni-C electrodes may have simi-
lar effective surface areas, which can provide a simi-
lar number of active sites, leading to similar charge 
transfer rates.

Fig. 6   (a) CV curves for 
Ni(OH)2-Ni-C composite 
electrode. (b) GCD curves 
of Ni(OH)2-Ni-C composite 
electrode
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When putting together high-performance super-
capacitors, it is important to ensure that the positive 

and negative electrodes are evenly distributed [39]. 
We employed a porous carbon composite material 

Fig. 7   (a) CV curves of supercapacitors at different voltage 
Windows. (b) GCD curves of supercapacitors at different volt-
age windows. (c) CV curves at different speeds when the volt-
age window is 0 to 1.6 V. (d) GCD curves at different speeds 

when the supercapacitor is 0 to 1.6 V in the voltage window. 
(e) The relationship between energy density and power density. 
(f) Cycle life of the device
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created by removing Ni (Ni–C) as the negative elec-
trode, and we used a composite material (Ni(OH)2-
Ni-C) covered with nanoscale Ni(OH)2 on the surface 
of element Ni as the positive electrode. This allowed 
us to analyze the performance of the entire cell fur-
ther. An asymmetric supercapacitor with 1  M KOH 
is integrated as an electrolyte in an asymmetric super-
capacitor device. The asymmetric supercapacitor 
device also contains an asymmetric supercapacitor. 
In order to investigate the maximum working volt-
age of the devices, cyclic voltammetric measurements 
were carried out using a number of distinct voltage 
ranges (with a scanning speed of 100  mV  s−1) and 
charge–discharge performance (with a current density 
of 4 A g−1). It has been discovered that the REDOX 
peak arises at the positive pole when the voltage 
window of Ni-C//Ni(OH)2-Ni-MOF exceeds 1.4  V, 
which corresponds to a pair of REDOX peaks. Even 
when expanded to the voltage window of 1.6 V, the 
shape of the curve does not show any evident signs of 
change. The GCD curves that were measured under a 
variety of voltage windows demonstrate a high level 
of symmetry. When the working voltage window of 
the device is increased from 1.0 to 1.6 V, the specific 
capacitance of the device increases from 36 to 100 
F g−1. This occurs when the current density of the 
device is 4 A g−1. It is well known that having a broad 
voltage window makes it easier to achieve improve-
ments in energy density [40, 41]. Figure 7e illustrates 
that there is a proportional increase from 36.7 to 49.7 
Wh kg−1 in the device’s energy density as the device 
is used.

The capacitor’s charge and discharge curves, when 
measured under varying voltage windows, exhibit a 
nonlinear symmetry both in charge and in discharge. 
As a result, in order to further investigate the elec-
trochemical features of the device, we will choose a 
voltage window that ranges from 0 to 1.6 V. As can 
be seen in Fig.  7c, when the voltage window is set 
to a value between 0 and 1.6  V, the cyclic voltam-
metry curve of the device demonstrates good consist-
ency within the sweep range of 10 to 100  mV  s−1. 
This indicates that the device possesses optimal 
capacitance behavior as well as rate performance. 
The results of the device’s charge and discharge tests 
using a constant current are displayed in Fig.  7d. 
These tests were conducted within a range of 2–8 
A g−1 current density. The device possesses great 

capacitive behavior as well as good response revers-
ibility, and both the charge and discharge curves are 
able to preserve acceptable symmetry. The capacitor 
has an energy density of 49.7 Wh kg−1 when operat-
ing at that current level 2 A g−1. After 15,000 cycles, 
the device can still maintain 81.5% capacity and 
85.6% energy efficiency.

Conclusion

We used Ni-MOF as a precursor when attempting 
to synthesize Ni–C compounds. After that, an easy 
acid treatment approach based on Ni–C material was 
employed to create an N-doped porous carbon anode 
and a Ni(OH)2-Ni-C cathode. Both of these compo-
nents were synthesized simultaneously. On the anode 
of the supercapacitors, the porous carbon and Ni–C 
materials were placed. Porous carbon composite has 
a capacity that is three times larger than that of nickel 
carbon (Ni–C). Because of its one-of-a-kind struc-
ture, the application of Ni(OH)2-Ni-C to the cathode 
results in superior capacitance and rate performance. 
The asymmetric supercapacitor that was constructed 
using the cathode and anode described above pos-
sesses outstanding capacitance performance as well 
as good reversibility. The capacitor has an energy 
density of 49.7 Wh kg−1 at 2 A g−1. The high per-
formance can be due to the porous structure, the 
good electrical conductivity, and the one-of-a-kind 
Ni(OH)2 ultra-thin nano-active layer of Ni(OH)2-Ni-
C. The application of metal–organic frameworks, or 
MOFs, in domains related to the storage of energy, 
such as batteries and supercapacitors, will ben-
efit from the use of this straightforward yet effective 
design technique.
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