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Abstract 

In this study, the activated carbon with enriched nanofiber obtained from free-binder materials. It was conducted tofu dregs carbon nanofiber 
as electrode material for supercapacitor without the addition of pVdF/PTFE. The chemical impregnation of NaOH, ZnCl2 and H3PO4 at high-
temperature pyrolysis in an N2-CO2 environment converted the tofu dregs into carbon coin. Subsequently, the physical properties including, 
microcrystalline, morphology, element analysis, and electrochemical properties of specific capacitance were investigated. The morphological 
structure of activated carbon showed high nanofiber density and was decorated by sponge-like pores. In addition, the nanofiber contains 
oxygen content of 12.70% which can act as self-doping due to the pseudo-capacitance properties. Furthermore, the two-electrode system 
obtained a specific capacitance of 163 F g-1 in 1 M H2SO4 electrolyte. The results showed that tofu dregs-based activated carbon coins are 
sustainable and efficient to obtain high-dense nanofiber structure as electrode materials for energy storage applications. 
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1. Introduction  

Supercapacitors are considered as one of the relatively 

ideal energy storage that can be applied to a variety of digital 

equipment, electric vehicle, cranes, and laser systems [1,2]. 

This is due to its relatively easy-to-understand principles, 

short charge-discharge process, almost unlimited life cycle, 

and high durability [3]. For almost two decades, improving 

performance has been inextricably linked with advances in 

nanotechnology, especially in the fields of materials science 

and nanomaterials. These fields provide a variety of electrode-

based materials including carbon [4], graphene [5], and 

synthetic polymers [6]. Furthermore, they are provided in 

various nanometer-scale sizes including nanofibers, 

nanotubes, nanowire, nanosphere, and nanosheet. Among 

these various materials, carbon nanofiber has shown 

remarkable performance in improving energy storage for 

supercapacitors and other devices such as lithium batteries, 

fuel cells, water purification applications, and medical 

applications [7,8]. However, the synthesis is complicated 

because of the difficulty to obtain a high-density fiber 

structure. 

Biomass and bio-waste are the most popular carbon-based 

materials recently used in supercapacitor electrode 

applications. This is due to their abundant availability, easy 

production process, cost-effectiveness, and high surface area. 

Furthermore, they allow the presence of nanoscale 

morphological structures including nanofibers, nanotubes, and 

nanosheets [9,10]. Biomass can easily be converted to 

activated carbon through heat treatment in a certain gaseous 

environment (Ar/N2/CO2/H2O), chemical impregnation (KOH, 

NaOH, ZnCl2, H3PO4), or a combination of both [11,12]. The 

main constituent components include lignocellulose consisting 

of hemicellulose, cellulose, and lignin, which allow the 

production of activated carbon with tubular [13], rod-like 

[14], strobili-fiber [15], microsphere [16], nanotube [17], and 

nanosheet [18] morphologies. Meanwhile, chemical 

impregnation with high-temperature pyrolysis in a certain gas 

environment can optimize the fibrils and cellulose in the bio-

waste components to produce high-density nanofibers [19]. 

This is due to its hemicellulose, cellulose, and lignin 

composition, which are connected by b-1-4-linkages and 

hydrogen bonds [20]. The bond can be removed in the 

component framework through a pyrolysis process to produce 

carbon nanofibers. For example, activated carbon nanofiber-

based on acacia leaves waste has been successfully obtained 

through a chemical KOH impregnation and physical 

activation, with a capacity of 113 F g-1 [21]. In addition, 

several result was found in other studies [22]. However, bio-

waste and biomass do not always produce a nanofiber 

structure on activated carbon as raw materials. Therefore, it is 

necessary to select the types that contain an effective 

percentage of lignocellulose content. 

One of the bio-wastes that have the potential to be used as 

a carbon nanofiber-based material is tofu dregs. In the food 
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industry, tofu has an important role because of its high protein 

content [23], and the development of increasingly 

sophisticated industrial technology has led to large quantities 

of production. This is also followed by the number of dregs, 

which are commonly called tofu dregs. The residual protein 

contained can offer a nitrogen component and high 

lignocellulose content for carbon materials [24]. Furthermore, 

the chemical impregnation process and the right pyrolysis 

temperature can produce activated carbon with a nanofiber 

morphological structure. 

This study synthesized activated carbon nanofiber through 

facile with chemical impregnation at N2-CO2 pyrolysis. This 

method is cost-effective, and without polymers from tofu bio-

wastefor supercapacitor electrodes. Furthermore, activated 

carbon was synthesized using chemical impregnation of 

NaOH, ZnCl2, and H3PO4 followed by pyrolysis at a high 

temperature of 850 °C in an N2-CO2 gas environment. To 

maintain the real conductivity of the basic material, the 

activated carbon electrode was prepared in the form of a coin 

without the addition of PVDF/PTFE. The morphological 

structure confirms the presence of high nanofiber with carbon 

and oxygen contents of 87.88% and 12.70% respectively. 

Moreover, the electrochemical feature has a high specific 

capacitance of 163 F g-1 in 1 M H2SO4 electrolyte. These 

results suggest that tofu dregs-based activated carbon coins 

are sustainable and efficient to obtain high-density nanofiber 

structure by being chemically impregnated at high-

temperature pyrolysis as electrode materials for 

supercapacitors.   

2. Materials and Methods 

2.1. Synthesis of activated carbon coins nanofiber 

The basic material of tofu dregs is obtained from the 

production house of medium-sized businesses in Pekanbaru 

city. Meanwhile, chemical substances including ZnCl2, 

NaOH, and H3PO4 with purity of ±98% were obtained from 

Merck KGaA, 64271 Darmstadt. The tofu dregs were washed, 

cleaned for further pre-carbonization, and chemically 

activated in 0.5 m L-1 using three different reagents as ZnCl2, 

NaOH, and H3PO4. For comparison, a sample without 

chemical impregnation was provided as a sample powder in a 

heterogeneous form <60μm. Furthermore, it was converted 

into solid coin form without the addition of any adhesive 

component such as polyvinyl or others. The pyrolysis process 

was conducted in a furnace tube using N2 and CO2 gas 

atmosphere at a maximum high temperature of 850 °C, and 

the coin samples were then neutralized in DI water (pH = 7). 

2.2. Characterizations 

Carbon nanofiber coins were characterized by several 

methods including density changes, crystallinity, surface 

morphology, chemical elements confirmed, and capacitive 

properties of supercapacitor cells. The change in density ρ 
was evaluated by measuring the mass, diameter, and height of 

the carbon coins, and was calculated twice, before and after 

the pyrolysis process using standard equations [25].  

ρ = m/V           

Furthermore, the crystallinity properties were confirmed by 

X-ray diffraction with Cu Kα radiation in 2θ angel of 15°-65° 

at V=40.0kV and I=30mA using the Shimadzu-7000L 

instrument. The surface morphology and chemical elements in 

the sample were reviewed through the SEM-EDS method 

using the JEOL-JSM-360LA instrument. Moreover, 

electrochemical properties such as specific capacitance, 

specific energy, and power were evaluated by using cyclic 

voltammetry (CV) and galvanostatic charge-discharge (GCD) 

techniques. The supercapacitor cells were prepared in the 

form of sandwich layers consisting of two carbon nanofiber 

coins-based electrodes, an organic separator, and a stainless 

steel current collector. Meanwhile, the CV method was 

applied to a 0-1 constant voltage window with various scan 

rates of 1,2,5 and 10 mV s-1 and the specific capacitance (Csp) 

was evaluated using the following equation (2) [26]: 

 Csp = 2I/s∙m 

Furthermore, the GCD technique was evaluated at a constant 
current density of 1 A g-1 with the capacitive behavior (Csp) 
determined according to the following equation (2) [26,27]: 

 Csp = I∙Δt/m∙Δv 

Specific energy (Esp) and specific power (Psp) were evaluated 
using standard formulas (3,4) [16,28]: 

  Esp = Csp∙V2 

 Psp = 3600∙Esp/Δt  

3. Results and Discussion 

3.1. Density analysis of carbon coin nanofiber 

The chemically activated carbon samples include NaOH, 

ZnCl2, and H3PO4 in the form of solid coins without adhesive 

materials at high-temperature pyrolysis. They require initial 

confirmation to evaluate the success of converting biomass 

into porous activated carbon coins with a nanofiber structure. 

This initial confirmation is conducted by evaluating the 

dimensions of mass, thickness, and diameter in the pyrolysis 

process which is accumulated in the density changes based on 

equation . Figure 1 shows the changes in density before and 

after the pyrolysis process with N2-CO2 stages. All samples 

showed a reduction in density after pyrolysis, and this is 

natural because high temperature can decompose and 

evaporate volatile elements and water content. Furthermore, it 

may also break down hemicellulose, cellulose, and lignin 

compounds in the form of CO, CO2, and NH4 gases [29]. The 

final process creates empty spaces in the coin sample and 

allows the presence of multiple pore structures to reduce their 

density. Furthermore, N2-CO2 integrated pyrolysis allows 

more breakdown of the hemicellulose and lignin [30] attached 

to the cellulose, and it indicates the presence of a nanofiber 

structure in the sample [15]. These physical structures favor 

porous activated carbon to improve the electrochemical 

properties of the supercapacitor. In addition, this analysis was 

further confirmed by SEM micrographs and CV/GCD 

profiles. Before pyrolysis, each sample of TD-Inactivation, 

TD-NaOH, TD-ZNCl2, and TD-H3PO4 had a density of 

0.9328, 0.9510, 1.0144, 0.9472 g cm-3, respectively. 
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Meanwhile, after pyrolysis with N2-CO2 level at a high 

temperature of 850 °C, the density drastically decreased 

reaching 59.72%, 47.57%, 24.63%, and 11.99% in TD-ZnCl2, 

TD-NaOH, TD-H3PO4, and TD-Inactivation respectively. The 

ZnCl2 Impregnation shows the greatest density reduction 

compared to NaOH and H3PO4. This is because ZnCl2 is a 

dehydrating agent in biomass-based that reacts faster at 600 

°C pyrolysis temperature and oxidizes as well as evaporates 

impurities. Furthermore, ZnO as an impregnation co-product 

allows the etching of carbon to form a pore framework on the 

surface of the sample [31]. The basic reaction between carbon 

and ZnCl2 was shown in equation 

ZnCl2 + 1/2O2 → ZnOCl + 1/2Cl2        (6) 

2ZnO + C → 2Zn + CO2↑        (7)

 These results showed that the chemical impregnation on 

N2-CO2 integrated pyrolysis was successful in converting tofu 

dregs to porous activated carbon coins. 

 

 

Fig. 1. Density of carbon coin nanofiber 

3.2. Microstructure features 

The microstructural features of activated carbon nanofiber 

were examined using the XRD technique as shown in figure 2. 

Generally, the XRD pattern show the presence of strong peaks 

in the reflection planes [002] and [100]. Furthermore, it 

correlates with 2θ angles approximately 22-25° and 43-45° 

and this showed that all samples impregnated with the 

activating agent have an amorphous carbon structure [33,34]. 

The reflection plane [002] at 22-25° indicates a hexagonal 

configuration of porous carbon and the existence of a small 

amount of graphite microcrystalline structure [35]. In 

addition, reflections [100] about 43-44° confirmed the 

presence of multiple pore structures due to interlayer 

condensation processes by sp2-hybridized carbons (JCPDS 

No. 41-1487). However, TD-ZnCl2 has the lowest 2θ angles 

for the reflection plane [002] of 22.571° and the smallest for 

[100] of 43.848° compared to other samples.  

Table 1. Interlayer spacing, stack height, and stack width of carbon coin 

Samples 2θ002 (°) 2θ100 (°) d002 (Å) d100 (Å) Lc (Å) La (Å) 

TD-NaOH 25.875 43.895 3.440 2.060 9.159 28.928 

TD-ZnCl2 22.571 43.848 3.936 2.058 8.153 23.755 

TD-H3PO4 23.920 44.174 3.717 2.048 13.571 11.560 

This is because the ZnCl2 impregnation produces a 

relatively more random combination of micropores and 

mesoporous [36] and it corresponds to the data shown in the 

previous density reduction. In addition, a small number of 

sharp peaks were found at a 2θ angle of 37.47° which 

confirmed the presence of crystalline compounds from CaCO3 

[14]. The analysis was also confirmed by the EDS data shown 

in the subsection below, and the appearance of CaCO3 

compounds was speculated from the basic constituent 

elements of tofu dregs which are not completely decomposed 

by N2-CO2 pyrolysis. Table 1 shows the average interlayer 

spacing of d002 and d100 of TD-NaOH, TD-ZnCl2, and TD-

H3PO4, which was evaluated by using Bragg’s Law. The d002 

exhibited value in the range of 3.440-3.936 Å while d100 

presented the value of 2.060-2.058 Å and were increased 

by15% compared to normal graphite structures. These values 

are also similar to others reported by using different raw 

materials such as pineapple crown [37] and an empty fruit 

bunch of palm oil [38]. Table 1 also shows the 

microcrystalline dimension such as stack height (Lc), and 

width (La) was evaluated by the Debye-Scherrer equation 

[39]. TD-ZnCl2 sample has the lowest Lc value than TD-

NaOH, and TD-H3PO4 samples, while the ratio between Lc 

and La was decreased. Furthermore, each microcrystalline 

dimension can be used as a reference to determine the specific 

surface area of the sample. The relationship between stack 

height Lc and specific surface area is shown in the empirical 

formula SSAxrd=2/ρxrdLc [40,41]. Based on this, the highest 

surface area discovered in the TD-ZnCl2 sample was predicted 

with TD-NaOH and TD-H3PO4. This speculation is consistent 

with the density reduction analysis discussed above and it 

greatly improved the capacitive properties of the 

supercapacitor electrodes. 

 

 

Fig. 2. XRD pattern of carbon coin nanofiber 

3.3. Morphological analysis 

Figure 3 illustrates that the morphological structure of the 

activated carbon coins nanofiber was evaluated using SEM 

techniques. The micrographs in figure 3 perform the surface 

morphology of TD-NaOH, TD-ZnCl2, and TD-H3PO4 

samples. Furthermore, they were pyrolyzed in an N2-CO2 
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gasses environment of high temperature 850 °C. The TD-

NaOH sample displayed dense nanofiber structures with 

diameters ranging from 54–285 nm. NaOH impregnation and 

high-temperature pyrolysis optimized the fibril and cellulose 

in the lignocellulosic component of biomass to produce high-

density nanofibers. This is due to the composition of tofu 

dregs which contain hemicellulose, cellulose, and lignin 

connected by b-1-4-linkages and hydrogen bonds [8,20]. This 

bond can be removed in the framework through the pyrolysis 

process of N2-CO2 to produce carbon nanofibers with 

different surface morphologies. During high-temperature 

pyrolysis, biomass that has a complex organic structure 

undergoes decomposition in stages. This begins with the 

evaporation of water vapor and volatile elements followed by 

the breakdown of complex compounds including 

hemicellulose, cellulose, and lignin [19]. Furthermore, the 

pyrolysis process of N2-CO2 separates and breaks the 

chemical bonds of functional groups from cellulose [13]. The 

resulting thermochemical reaction is released in the form of 

oxygen and carbon monoxide to produce pure carbon and 

nanofibers [42]. This nanofiber structure improves the 

performance of the supercapacitor electrode as energy storage 

due to its high surface area, tunable porosity, and high 

mechanical and structural stability. In addition, it has a 

diameter lower than 500 nm with high thermal and electrical 

conductivity as well as a good loading efficiency [43,44]. 

 

Fig. 3. SEM image for (a) TD-NaOH; (b) TD-ZnCl2; and (c) TD-H3PO4 

 

Figure 3b also shows a slightly different morphological 

structure to the aggregation over the size range 299–723 nm. 

In the enlarged area selection, there is a combination of 

nanofiber and pore interconnection for the TD-ZnCl2 sample, 

and the resulting fiber diameter ranges from 83–162 nm in 

size. ZnCl2 as a dehydrating agent directly erodes the 

constituent components of the sample including cellulose. 

Therefore, it reduces the density of the fibers, aggregations, 

and the formation of hierarchically connected pores, which 

were visible on the surface of the sample. The impregnation of 

ZnCl2 on carbon coin provided a sponge-like pore structure 

which allowed activated carbon to have a combination of 

various sizes including micropores, mesopores, and 

macropores [45]. These pores store more ionic charges at the 

electrode/electrolyte interface while providing a 3D ion 

diffusion pathway [46,47]. Furthermore, they can increase and 

maintain the energy and power density of the supercapacitor. 

These properties caused the TD-ZnCl2 sample to have 

relatively higher electrochemical behavior compared to others 

as confirmed in the CV and GCD profiles discussed below. 

Moreover, H3PO4 impregnation followed by high-

temperature pyrolysis displayed the surface morphology 

covered by larger aggregations in the size range of 1.2-2.3μm 

as shown in figure 3c. Also, H3PO4 as a strong acid reduced 

the nanofibers on the surface of the sample as confirmed by 

the enlarged selection area in the SEM micrograph. The 

visible pores showed a larger size range, and their expansion 

reduced the porosity and surface area of the carbon electrode 

as well as the capacitive properties of the sample. 

3.4. Element status of carbon coin nanofiber 

The elemental composition of the TD-NaOH, TD-ZnCl2 

and TD-H3PO4 samples was analyzed using energy dispersive 

spectroscopy (EDS). Table 2 summarizes the elements present 

in carbon coins nanofiber at different chemical activation of 

NaOH, ZnCl2, and H3PO4. It has the highest percentage for all 

carbon monolith samples. A high percentage implies that most 

of the volatile and non-carbon content has been removed 

during the activation process [48]. The ZnCl2 impregnation 

indicates an increasing percentage of carbon. It showed that 

the decomposition of non-carbon compounds such as organic 

acids, volatile, and tar occurs effectively [49]. This analysis is 

confirmed by the reduction of the density of the coin 

described previously. At TD-NaOH, and TD-H3PO4 samples, 

the percentage of carbon is reduced slightly with the addition 
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of more oxygen components. This is beneficial to provide 

wettability of the samples and exhibited the presence of 

pseudo-capacitance in the electrode material [50,51] as 

confirmed in the CV profile. Therefore, the NaOH and H3PO4 

are more likely to form more oxygen bonds than carbon 

atoms. Furthermore, low levels of magnesium, calcium, 

phosphorus, and potassium come from the organic material 

[52] and the carbon element is almost similar to other 

biomass/waste-based studies as shown in table 3. 

Table 2. Element status of electrode carbon coins nanofiber tofu dregs-based 

Element TD-NaOH TD-ZnCl2 TD-H3PO4 

Carbon 85.39 87.88 84.21 

Oxygen 12.70 9.09 9.08 

Magnesium 0.48 0.61 2.60 

Calcium 1.43 2.42 0.00 

Phosphor 0.00 0.00 3.49 

Potassium 0.00 0.00 0.62 

3.5. Electrochemical analysis 

A The electrochemical performance of tofu dregs-based 

carbon coins nanofiber from TD-NaOH, TD-ZnCl2, and TD-

H3PO4 was evaluated through a two-electrode system in a 1 M 

H2SO4 aqueous electrolyte. Figure 4 performs a typical CV 

profile for TD-NaOH, TD-ZnCl2, and TD-H3PO4 samples at a 

constant voltage of 0.0-1.0V with a low scan rate of 1 mV s-1. 

Furthermore, the profile confirmed a distorted rectangular 

shape for all samples identifying the normal electrochemical 

properties of the double-layer capacitor (EDLC) due to the 

ionic charge which undergoes a rapid charge and discharge 

process [53]. Few samples showed a pair of redox peaks in the 

0.3-0.6V voltage range characterizing the presence of 

pseudocapacitive features due to the faradaic reaction [54,55]. 

This is because oxygen acts as self-doping in the 

electrochemical reaction of the sample, especially TD-NaOH 

and TD-ZnCl2. However, these properties faded in the TD-

H3PO4 and TD-Inactivation samples. The largest closed area 

CV profile found in TD-ZnCl2 confirmed the highest 

capacitive properties which were followed by TD-NaOH, TD-

H3PO4, and TD-Inactivation samples. Based on equation (2), 

the specific capacitance produced by the CV technique is 15, 

145, 148, 127 F g-1 for TD-Inactivation, TD-NaOH, TD-

ZnCl2, and TD-H3PO4 samples, respectively. Furthermore, 

chemically activated samples were able to enhance the 

specific capacitance by almost 10 times, especially in the 

ZnCl2 activator agent which showed the highest specific 

capacitance of 148 F g-1. The increase in the TD-ZnCl2 

samples was due to the combination of the morphological 

structure of the nanofiber and sponge-like pore. This allows 

the electrode to have high conductivity, high porosity, and 

diverse pore distribution to provide all-directional ion 

transport paths on the surface of the sample [45,56]. Based on 

the empirical formula of SSAxrd, TD-ZnCl2 is predicted to 

have a larger specific surface area. This allows the storage of 

more ionic charges at the electrode/electrolyte interface. In 

addition, TD-NaOH has capacitive properties that are similar 

to TD-ZnCl2 of 145 F g-1 even though it does not confirm the 

pore in the morphological structure. 

 

 

Fig. 4. CV profile of carbon coin nanofiber 

This is because NaOH impregnation provides a nanofiber 

structure that dominates the surface of the sample. Therefore, 

it has high conductivity properties and maintains a relatively 

smooth ion transport pathway for electrolyte ion diffusion. 

However, H3PO4 impregnation has relatively lower capacitive 

properties than ZnCl2 and NaOH at 127 F g-1 due to the 

reduction of the nanofiber on the sample surface. Through 

equations (3) and (4) the energy and power density of TD-

Inactivation, TD-NaOH, TD-ZnCl2, and TD-H3PO4 were also 

evaluated with the values of 2.08, 20.14, 20.55, and 17.07 Wh 

kg-1, as well as the power density of 7.49, 72.57, 74.07, and 

63.56 W kg-1, respectively. Figure 5 shows the specific 

capacitance to the scan rate increasing from 1 mV s-1 to 10 

mV s-1. Furthermore, all samples showed reduced capacitive 

properties which were influenced by the expanding pore 

structure. However, the TD-ZnCl2 maintained a specific 

capacitance of 54.42%. Therefore, the TD-ZnCl2 sample has 

better capacitive properties than TD-NaOH and TD-H3PO4 

which are only around 48% and 51%. 

 

 

Fig. 5. Specific capacitance vs. scan rate of carbon coin nanofiber 

 

To further validate the electrochemical properties of the 

activated carbon nanofiber, a two-electrode system was tested 

using the GCD technique at a constant current density of 1 A 
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g-1. The GCD profiles for TD-Inactivation, TD-NaOH, TD-

ZnCl2, and TD-H3PO4, samples showed a nearly symmetric 

triangular shape with a slight curvature. It characterizes 

normal electric double-layer capacitor properties followed by 

pseudocapacitance [57] as shown in figure 6. This is 

consistent with the CV analysis that has been discussed 

previously. Furthermore, activated carbon nanofiber 

impregnated with ZnCl2 showed the longest charge-discharge 

time indicating higher capacitive properties followed by TD-

NaOH, TD-H3PO4, and TD-Inactivation. This trend data is 

relatively positive with the CV profile shown in figure 4. 

Based on equation (3), the specific capacitances generated 

from GCD are 13, 159, 163, and 134 F g-1 for TD-

Inactivation, TD-NaOH, TD -ZnCl2, and TD-H3PO4 samples 

respectively.  

 

 

Fig. 6. GCD profile of carbon coin nanofiber 

In addition, ZnCl2 impregnated coin carbon effectively 

showed the best capacitive properties compared to NaOH, and 

H3PO4. This is because it provides high surface area, best 

amorphous properties, and high conductivity due to the 

combination of nanofiber and sponge-like pore structure. 

Based on the GCD profile, iR drop is also evaluated for all 

samples where the internal resistance of TD-Inactivation, TD-

NaOH, TD-ZnCl2, and TD-H3PO4 is 76mΩ, 34mΩ, 21mΩ, 

and 10mΩ, respectively. However, TD-H3PO4 does not have 

the best capacitive properties because of its very low 

resistance. The pore expansion that occurs on the carbon 

surface provides an unobstructed ion transport path [58]. In 

addition, power and energy density are also evaluated using 

the GCD technique using equations (4) and (5). The energy 

densities for TD-Inactivation, TD-NaOH, TD-ZnCl2, and TD-

H3PO4 were 1.81, 22.08, 22.63, 18.61 Wh kg-1 respectively. 

Meanwhile, the power densities were 6.52, 79.56, 81.54, and 

67.06 W kg-1, respectively. These results are consistent with 

the analysis obtained from CV data. Furthermore, the 

capacitive properties obtained were compared with some of 

the materials for activated carbon electrodes as shown in table 

3.  

4. Conclusion 

In summary, a simple approach has been proposed to 

obtain the waste-based porous carbon nanofiber without the 

addition of synthetic materials such as PTFE, PVP, or PVdF. 

Furthermore, activated carbon was prepared from tofu dregs 

with high nanofiber density. A combination of nanofiber and 

sponge-like pores morphology that allows for various pores 

including micro, meso, and macropores was featured by ZnCl2 

impregnation. These allowed the sample to have more active 

sites for ionic charges to diffuse at the electrode/electrolyte 

interface. In addition, a seamless ion diffusion path covering 

all directions on the sample surface was provided. Carbon 

coins nanofiber contain oxygen content. It has wettability and 

hydrophilicity properties due to the presence of pseudo-

capacitance in the two-electrode system. Moreover, the 

electrochemical behavior results showed that the carbon coins 

nanofiber from tofu dregs exhibited excellent capacitive 

performance. This was particularly evident in the TD-ZnCL2 

sample, which produced a high specific capacitance 163 F g-1 

at a constant current density of 1 A g-1. The specific 

capacitance was still retained at approximately 54.42% in scan 

rate of 10 mV s-1. In addition, the excellent electrochemical 

capacitive behaviors were mainly attributed to the unique 

nanofiber and sponge-like pores structure. This study 

developed a facile approach to obtain porous carbon coins 

material with high performance for supercapacitor application.

 

Table 2. Electrochemical behavior from different sources for supercapacitor 

 

Sources Method 
Carbon 

type 

Adhesive 

material 

Morphology 

structure 
Electrode type 

Csp 

(F g-1) 

Esp 

(Wh kg-1) 

Psp 

(W kg-1) 
Refs 

Portunus 

trituberculatus Crab 

Bio-template Powder PTFE Nanofiber 2-Electrode 128.5 4.46 50 [59] 

MoS2/graphene Electrospinning Powder PVDF Nanosheet 3-electrode 211 - - [60] 

SnCl4∙5H2O/PVA Electrospinning Powder PVDF Nanofiber 3-electrode 105 5.1 242.2 [61] 

Pinewood Solar pyrolysis Powder PTFE Nanofiber 3-electrode 349   [22] 

Reeds Single step 

pyrolysis 

Monolith Free-binder Nanofiber 2-electrode 141 4.89 35.32 [62] 

PF + PVA Electrospinning Powder PVDF Nanofiber 3-electrode 256 - - [63] 

Cotonier strobili KOH activation Powder PTFE Strobili-fiber 3-electrode 346 33.04 160 [15] 

Frozen tofu one-step 

carbonization-

activation 

Powder PVDF Hierarchical 

porous 

3-electrode 170 72 889 [23] 

Tofu dregs Chemical 

impregnation 

Coin Free-binder Nanofiber 2-electrode 163 22.63 81.54 This 

study 
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