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A B S T R A C T   

In this study, we report the synthesis of graphene-like carbon derived from onion husk, with 
potential application as an electrode material in energy storage devices. Graphene-like carbon 
(GLC) was synthesized from onion husk (OH) by preliminary carbonization at 550 ◦C, followed by 
thermochemical activation at various temperatures to determine the optimal activation param-
eters. The surface morphology of graphene-like carbon from onion husk (GLC-OH) samples after 
carbonization shows distinct thermal exfoliation of the material. This layering upon activation in 
KOH promotes the formation of highly porous graphene-like carbon flakes. According to the 
Brunauer-Emmett-Teller (BET) method, the specific surface area at 850 ◦C was 1924 m2/g. The X- 
ray diffraction (XRD) and Raman spectroscopy results reveal the emergence of few-layer gra-
phene with a significant amount of structural defects at 850 ◦C. As the temperature increases, the 
formation shifts towards multilayer graphene, which leads to a decrease in the specific surface 
area of the carbon material. The electrochemical characterization of the assembled 
GLC–OH–based supercapacitor synthesized at 850 ◦C revealed a markedly higher specific 
capacitance value of 131 F/g, along with a Coulombic efficiency of 98 % at a gravimetric current 
density of 1 A/g. Additionally, it exhibited a low charge transfer resistance (RCT) of approximately 
1.4 Ω. 

Our study investigates the influence of structural changes on the electrochemical performance 
of biomass-derived activated carbon, highlighting the potential of graphene-like carbon from 
onion husk as a promising and low-cost material for future energy storage devices.   

1. Introduction 

In recent years, the number of environmentally friendly energy storage solutions has increased significantly. Supercapacitors, 
recognized as advanced electrochemical energy storage devices, demonstrate significant promise and potential to meet the rapidly 
growing energy storage demands. Unlike conventional types of batteries, supercapacitors accumulate energy through the reverse 
adsorption of charged ions at the electrode/electrolyte interface, resulting in quick charge and discharge cycles with high power 
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density. However, the way to enhance supercapacitor performance lies in the development of advanced electrode materials with 
exceptional electrochemical properties [1–4]. 

Graphene, a two-dimensional material made of carbon atoms, exhibits high electrical conductivity, chemical stability, and an 
extremely high specific surface area of about 2630 m2/g making it a promising material in the energy sector, particularly for elec-
trochemical energy storage devices. However, the use of graphene is limited by the high cost of production and the difficulty of 
producing high-quality material on a large scale. At the same time, graphene-like materials have properties that can be similar or even 
superior to those of pure graphene. Currently, various types of biomass are used to obtain graphene-like carbon materials [5,6]. 

Carbon materials obtained from various types of biomass, such as rice husks [7,8] walnut shells [9], bamboo waste [10,11], tea 
waste [12], jute fibers [13], pine cones [14], coffee powder waste [15], coconut shells [16], banana peel [17], and corn grains [18], 
have been used to create supercapacitors, showcasing the potential of sustainable materials in this field. 

Carbon materials derived from onion husks represent an attractive and sustainable alternative in the field of functional carbon 
materials. Onion husks, typically disregarded and disposed of as agricultural byproducts, offer a valuable opportunity for the efficient 
utilization of their inherent carbon content. Global onion production figures can fluctuate from year to year due to various factors, 
including weather conditions, market demand, and agricultural practices. However, annual production estimates for yellow onions, 
one of the most widely grown varieties globally, typically range from 90 to 100 million metric tons. In contrast, global production of 
red onion is significantly lower, estimated at around 15–20 million metric tons annually, about one-fifth of that of yellow onions. 

The weight portion of onion husk, also known as onion skin or outer layers, can vary depending on the size and type of onion. 
Generally, onion husk constitutes a significant percentage of the total weight of an onion. On average, the weight proportion of onion 
husk within an onion can range from approximately 10 %–25 % of the total weight. 

Mehare et al. [19] obtained porous carbon from onion peel without physical-chemical activation or an inert atmosphere. However, 
this approach did not fully allow to fully utilize the potential of onion husk, resulting in poor specific capacitance performance in 
supercapacitors, with a maximum capacitance value of 98 F/g at a current density of 0.1 A/g in a 1 M H2SO4 electrolyte solution. In 
another study [20], researchers synthesized activated carbon from red onion skin with a high specific surface area (over 3000 m2/g). 
However, their method involved multiple steps (hydrothermal carbonization => pre-carbonization => pre-activation), which leaded 
to increased costs and lower mass yield of the carbon. In a two-electrode cell, the specific capacitance at a current density of 1 A/g was 
found not to be superior: 61 F/g for OPACs-600 ◦C, 67 F/g for OPACs-700 ◦C, and 77 F/g for OPACs-800 ◦C. In this research [21], 
activated carbon was produced from red onion skin through pre-carbonization at 450 ◦C for 3 h followed by thermochemical activation 
using KOH (at a ratio of 1:3) at 900 ◦C for 1 h. Under these synthesis conditions, the specific surface area of the resulting activated 
carbon was less than 1900 m2/g, with a specific capacitance of 64 F/g at 0.1 A/g in supercapacitors. 

Several studies have demonstrated higher capacitance values when using a three-electrode cell setup [19–21]. In a study [22], it 
was found that a three-electrode cell typically yields about twice the capacity compared to a two-electrode cell. While the enhanced 
sensitivity of the three-electrode configuration is advantageous for investigating faradaic reactions and interfacial processes on in-
dividual electrodes, it may introduce considerable inaccuracies when evaluating the energy storage capacity of electrode materials 
intended for use in ultracapacitors. 

Carbonization and thermochemical activation of biomass represent simple and energy-efficient methods for producing activated 
carbon. This approach requires minimal resources and equipment, making it feasible for scaling up to larger production volumes. The 
resultant carbon possesses a graphene-like structure and exhibits a high specific surface area making it suitable for a wide range of 
applications. 

In this study, we synthesized graphene-like carbon structures from onion husks through carbonization and thermochemical acti-
vation processes. We systematically investigated the influence of the activation temperature on the morphological structures of the 
graphene-like carbon and its electrochemical properties as an active material in supercapacitors. 

2. Experimental 

2.1. Materials and reagents 

Yellow onion husk (obtained from the local market of Almaty, Kazakhstan), argon gas (Ikhsan Techno Gas, 99.99 %), potassium 
hydroxide (KOH, Sigma Aldrich, 85 %), carbon black (MTI Corporation), 1-Methyl-2-pyrrolidinone (NMP, Sigma Aldrich, 99 %), 
polyvinylidene fluoride (PVDF, MTI Corporation), nickel foil (MTI Corporation). 

2.2. Synthesis of graphene-like porous carbon from onion husk 

The original precursor, onion husk (OH), was grown on a farm in the Almaty region. Cleaning took place with hot distilled water to 
remove contaminants. The peeled husks were then ground in a zirconium mortar to a powdery mass and dried in an oven at 120 ◦C for 
8 h. A two-step synthesis of graphene-like carbon was carried out as follows: 1) in the first step, carbonized onion husks (COH) were 
prepared in a horizontal tube furnace. The furnace was heated from room temperature to 550 ◦C at a heating rate of 7 ◦C/min and 
maintained at this temperature for 100 min in an argon atmosphere. After the process pyrolysis carbonization process of onion husks, 
the yield of the carbon product was 27.5 % by weight; 2) in the second step, graphene-like carbon was produced via chemical acti-
vation. KOH was added to the resulting COH at a mass ratio of 1:4, followed by heating to temperatures of 600 ◦C, 850 ◦C, or 950 ◦C for 
90 min each. The inert gas (Ar) purging rate was maintained at 450 cm3/min. Achieving a neutral pH level for GLC-OH was 
accomplished through repeated washing with hot distilled water followed by drying in an oven at 100 ◦C for 10 h. After 
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thermochemical activation, the yield of activated carbon from onion husk reached 8.4 % by weight. 

2.3. Materials characterization 

The samples of activated OH have been studied by several informative techniques. The surface morphology of the GLC samples’ was 
investigated using JEOL JSM-6490 LA scanning electron microscopy. X’Pert MPD PRO X-ray diffractometer with Cu Kα radiation 
source was used for the study of the crystal structure of GLC-OH. The structure of GLC-OH was studied using an NTEGRA Raman 
spectrometer, which has a signal region of 80 nm in diameter using a blue 473 nm laser. Determination of the specific surface area of 
the PDS-OA sample: nitrogen adsorption/desorption was measured at 77 K using a gas adsorption analyzer SORBTOMETER-M 
(KATAKON). 

2.4. Characterization of electrochemical properties 

The electrode material was prepared by mixing onion husk-activated carbon, electrically conductive soot, and polyvinylidene 
fluoride (PVDF) in a 70:20:10 ratio. To obtain a suspension, 4 ml of N-methyl-2-pyrrolidone (NMP) solvent was added to 1 g of the 
mixed powder. The resulting mixture was then applied to 1 square centimeter of nickel foil and dried in hot air (ShS-80, Belarus) at 
130 ◦C for 10 h. Electrochemical measurements were performed using an Elins P-40X (FRA-24 M, Russia) potentiostat galvanostat. 
Various scan rates were used for cyclic voltammetry (CV) data acquisition and various specific currents for galvanostatic discharge 
(GCD) measurements. A frequency range of 100 kHz to 10 mHz was applied for electrochemical impedance spectroscopy (EIS) 
measurements. 

3. Results and discussions 

3.1. Structural and morphological characterization 

Fig. 1 (a) shows the SEM microstructure of the carbonized onion husk at 550 ◦C, on Fig. 1. (b, c, d) activated onion husk at 600 ◦C, 
850 ◦C, and 950 ◦C in KOH, respectively. 2D layered carbon with different thicknesses and porosity have been observed for all 
activated samples. The most developed active surface with many open pores, as well as high-quality layers of sp2-hybridized graphene- 
like carbon, belongs to the sample activated at 850 ◦C. Moreover, the detailed SEM investigation of microstructure GLC-OH at 850 ◦C 
shows the formation of high-quality double-layer graphene stripes (Fig. 1e). They exhibit a similar interconnected graphene-like 
structure, and many pores can be observed on ultra-thin nanosheets. The morphology of the carbonized GLC-OH sample has a 
larger specific area of charge accumulation and conversion compared to Fig. 1a, which has a thick sheet structure (Fig. S3). 

The morphology differences in carbonized and activated GLC-OH samples are mainly associated with the effect of two-dimensional 
separation of the band structure due to the process of high-temperature activation. Separation of flakes of two-dimensional carbon is 
more observed for the sample activated at 850 ◦C, compared to 950 ◦C, which is also confirmed by Raman spectroscopy. An increase in 
the activation temperature leads to the graphitization of the structure and a decrease in the intensity of two-dimensional carbon 
structures [21]. 

Analysis of the composition of activated carbon GLC-OH 850 ◦C, carried out using the EDAX method, showed that it contains a high 

Fig. 1. SEM images of (a) СOH, (b, c, d) GLC-OH 600 ◦C; 850 ◦C; 950 ◦C and (e) rolled graphene strip at 850 ◦C.  
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percentage of carbon (98 % by weight). Other elements such as aluminum (1.37 % wt), lutetium (0.27 % wt), and calcium (0.35 % wt) 
are present in much smaller quantities, less than 1 % by weight each (Fig. S4). This indicates that the chemical activation process was 
successful, and a good neutrality value (pH = 6) was achieved after washing. 

The X-ray diffraction of an activated OH at 600 ◦C, 850 ◦C, and 950 ◦C is shown in Fig. 2a. X-ray diffraction patterns of activated OH 
samples at 600 ◦C, and 850 ◦C are almost similar, showing two broad peaks at 2θ ranges of 20–30◦ and 40–50◦. Peaks of material 
crystallinity are not observed. Increasing the activation temperature to 950 ◦C, low-intensity crystalline peaks of graphite (002), (100), 
(101), (004), and (103) are observed respectively (JCPDS map no. 41–1487). A strong reflection (002) is observed at the peak position 
with a 2θ value of 26.58. Thus, when OH is activated at 950 ◦C, graphitization of the overall structure of the material is observed 
through the compaction of graphene-like sheets of carbon towards the formation of solid carbon [23–26]. 

The Raman spectra of the activated GLC-OH at 600 ◦C, 850 ◦C, and 950 ◦C samples are shown in Fig. 2b. The Raman spectrum of 
graphene should include the G band indicating the presence of sp2 hybridized carbon atoms, the D band reflecting defects present in 
graphene, and the 2D band indicating the number of layers of graphene [27]. The Raman spectra GLC-OH activated at 600 ◦C are 
characterized by high-intensity D and G and broad 2D peaks. The D peak intensity shows a high amount of defects due to low activation 
energy at 600 ◦C to transform sp2-oriented graphene-like carbon and the structure is mostly amorphous. Raman spectra of activated 
OH at 850 ◦C and 950 ◦C samples are characterized by three peaks of high crystallinity: D-peak in the region of 1350 cm− 1-1360 cm− 1, 
G-peak in the region of 1570 cm− 1-1590 cm− 1 and 2D -peak in the region of 2708 cm− 1 (Table 1). 

Therefore, the activated OH at 850 ◦C has higher intensity D and 2D peaks, demonstrating a high defects concentration in the 
structure, as well as the presence of multi-layer high-quality graphene [28,29]. Activation of onion husk with alkalis leads to the 
removal of impurity atoms from the 2D carbon crystal lattice, by forming defects, while leaving uniform high-quality graphene flakes 
[30–32]. 

The surface area measured by BET for carbonation at 550 ◦C was 49 m2/g, while after thermochemical activation at 600 ◦C and 
950 ◦C after thermochemical activation it was 388 m2/g and 919 m2/g, respectively. The maximum surface area is observed at an 
activation temperature of 850 ◦C and is 1924 m2/g, which is more than 39 times higher than the surface after carbonization [33]. 
Thermochemically derived graphene-like carbon from onion husk exhibits enhanced surface development and porosity compared to 
physically activated carbon. This increased surface density enhances the capacitive properties of the material, making it a promising 
choice for supercapacitor electrodes. 

3.2. Electrochemical characteristics 

To investigate the electrochemical characteristics of the obtained graphene-like carbon, two-electrode cells were fabricated as 
recommended in the article [22]. This allowed for a more precise determination of supercapacitor parameters for practical production 
purposes [34]. 

The study of the electrochemical characteristics of the GLC-OH material included the analysis of cyclic voltammetry (CV) curves, 
which are shown in Fig. 3. Notably, CV curves were obtained at various scanning rates (20, 40, 80 и 160 mV/s) for the GLC-OH sample 
at 850 ◦C had a characteristic rectangular profile, indicating its characteristic capacitive properties, in contrast to the behavior 
observed in the samples at 600 ◦C and 950 ◦C (Fig. 3 a, b, c). This closely matches the electrochemical performance typically associated 
with graphene, enhancing the promising electrochemical performance of the GLC-OH material at 850 ◦C. 

Fig. 3d illustrates the CV curves of the electrodes with activated carbons at 600 ◦C, 850 ◦C, and 950 ◦C and carbonized mass at 
550 ◦C, as well as Ni-foil based current collector. Notably, the GLC-OH 850 ◦C electrode demonstrates the highest capacity and the best 

Fig. 2. The XRD (a) and Raman (b) scattering of GLC-OH 600 ◦C, GLC-OH 850 ◦C, and GLC-OH 950 ◦C.  
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stability whereas the shapes of CV curves of the GLC-OH 600 ◦C and GLC-OH 950 ◦C electrodes significantly deviate from rectangular 
shape. At the same time, both the electrode with carbonized mass and the nickel current collector exhibit practically zero capacity 
[35]. 

Table 1 
Comparative positions of D and G bands along with ID/IG ratio for GLC derived from onion.  

Material D (cm− 1) G (cm− 1) I2D ID IG ID/IG ratio I2D/IG 

GLC-OH -600 ◦C 1359 1581 – 2341 2818 1,2 – 
GLC-OH -850 ◦C 1356 1591 3540 3939 4980 0,79 0,07 
GLC-OH -950 ◦C 1353 1572 4951 5466 7266 0,75 0.07  

Fig. 3. (a) CV curves at different rates (20, 40, 80, and 160 mV/s) for GLC-OH 600 ◦C; (b) GLC-OH 850 OC; (c) GLC-OH 950 ◦C; (d) CV curves at 160 
mV/s for GLC-OH 600 ◦C, GLC-OH 850 ◦C, GLC-OH 950 ◦C, Ni-foil, COH. 

Fig. 4. GCD curves at 0.1, 0.5, 1, and 2 A/g current density for samples (a) GLC-OH 600 ◦C; (b) GLC-OH 850 ◦C; (c) GLC-OH 950 ◦C.  
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The galvanostatic charge-discharge (GCD) method allowed us to determine the best GLC-OH sample at 850 ◦C, compared to other 
GLC-OH samples at 600 ◦C and 950 ◦C (Fig. 4 a, b, c). Carrying out capacity studies for samples GLC-OH 600 ◦C, GLC-OH 850 ◦C, and 
GLC-OH 950 ◦C, according to charge-discharge curves at electric current values (0.1, 0.5, 1, and 2 A/g), the graphs of which are shown 
in Fig. 4. 

The specific capacity of the obtained GLC-OH 600 ◦C sample was 155.19, 119, 92.56 and 56.68 F/g at current densities of 100, 500, 
1000, and 2000 mA/g, the following GLC-OH 850 ◦C samples were 137.6, 140.1, 130.9 and 116.4 F/g at 100, 500, 1000 and 2000 mA/ 
g and GLC-OH 950 ◦C were 81.1, 60.29, 54.75 and 25.2 F/g at current densities 100, 500, 1000, 2000 mA/g, respectively (Fig. 5а). 
Notably, the sample at 850 ◦C achieved the best Coulombic efficiency of 98.08 % at a current density of 1000 mA/g, while the other 
samples showed a Coulombic efficiency of 94.7 % and 95.3 % at the same current density for 600 ◦C and 950 ◦C samples, respectively. 

In Fig. 5a for a sample with a temperature of 850 ◦C, the decrease in ultimate capacity was 15 %, with a 20-fold increase in current 
density (100 → 2000 mA/g). Conversely, for the remaining samples, GLC-OH 600 ◦C and GLC-OH 950 ◦C, a decrease in specific ca-
pacity of 63.5 % and 68.9 %, respectively, was observed. 

Using the formulas given in work [36], energy density, and power density indicators were calculated, the data obtained is available 
in Table 2. 

To gain deeper insights into how the activation temperature impacts the electrochemical characteristics of the electrodes, Elec-
trochemical Impedance Spectroscopy (EIS) was carried out. This involved applying a voltage amplitude of 5 mV across a frequency 
range spanning from 100 kHz to 10 mHz, as depicted in Fig. 5b. The diameter of the semicircle observed at the higher-frequency end of 
these diagrams corresponds to the charge transfer resistance (RCT) existing at the interface where the electrode interacts with the 
electrolyte ions [37]. 

At a temperature of 850 ◦C, the cell exhibited superior capacitance performance, as evidenced by a nearly vertical line at low 
frequencies, as well as a lower resistance charge transfer (RCT) of approximately 1.4 Ω, compared to the EIS performance of onion peel- 
derived carbon [19]. This may have been influenced by the higher carbon content in our sample GLC-OH 850 ◦C (98 % by weight) 
according to the works [19,21] (91 % and 80 % by weight) and obtained carbon mass structure contains a graphene-like structure (see 
Fig. 2b). 

In contrast to GLC-OH 850 ◦C, samples at 600 ◦C and 950 ◦C showed higher values (RCT), about 5 Ω and 4.3 Ω, respectively. GLC-OH 
950 ◦C electrode demonstrated better rate capability (see Fig. 5a) and conductivity than GLC-OH 600 ◦C due to activated carbon at 
900 ◦C possesses higher degree of crystallinity (see Fig. 2a,b) than at 600 ◦C. Electrode with carbonized onion husk also demonstrated 
good conductivity comparable to GLC-OH 850 sample attributed to the well preserved graphite structure, but with poor ideal-capacitor 
like behavior. For comparison, EIS spectra of bare Ni-foil is depicted representing resistance contributed by solution and separator. 

In a general context, it’s crucial to note that a reduced charge transfer resistance (RCT) typically signifies a higher specific 
capacitance. Specific capacitance measures a material’s ability to store electrical energy per unit mass or surface area. In the case of 
GLC-OH 850 ◦C, the observed decrease in RCT points to improved electrical conductivity, which, in the context of electrophysics, 
translates to an enhanced power density when subjected to elevated current rates during charge-discharge cycles. Calculations of 
capacitive and diffusion-controlled contributions to charge storage for the sample GLC-OH 850 ◦C are provided in Fig. S2. 

For supercapacitors, the long-term stability of the electrodes is also an important parameter. The stability of graphene-like carbons 
GLC-OH 600 ◦C, GLC-OH 850 ◦C, GLC-OH 950 ◦C and COH (Fig. S1 a,b) was measured by cycling up to 5000 cycles at 2 A g− 1 as shown 
in Fig. 5c. At 850 ◦C, the GLC-OH electrode showed excellent cyclic stability (<95 % capacity retention after 5000 cycles) compared to 
other biomass precursors used in supercapacitors [38,39]. 

The results show that the GLC-OH 850 ◦C exhibits a remarkable combination of high specific capacitance and low internal 
resistance, making it a promising candidate for supercapacitors. Additionally, these characteristics are comparable to, and in certain 
instances, surpass those of supercapacitors constructed using carbon structures derived from biological waste (Table 3). 

4. Conclusion 

Onion husk, as an active material for a supercapacitor electrode, is an attractive option due to the easy availability of onion-based 

Fig. 5. Electrochemical performance of electrodes based on GLC-OH: (a) specific capacitance at 100, 500, 1000, and 2000 mA/g current densities; 
(b) EIS curve recorded in the frequency range of 100 kHz to 10 mHz; (c) cyclic stability characteristic at a constant current density of 2000 mA/g for 
samples GLC-OH 600 ◦C, GLC-OH 850 ◦C, GLC-OH 950 ◦C. 
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waste and excellent electrochemical performance. In this study, we used a method that allows the production of active material on a 
large scale with better characteristics compared to previous similar studies. 

As a result of the research, it was found that graphene-like carbon obtained from onion husk waste using KOH as an activator 
exhibits exceptional properties that make it desirable for use in electrochemical energy storage. Graphene-like carbon derived from 
onion husk through thermochemical processes has yielded compelling results. The material exhibits an exceptional surface area and 
heightened porosity, particularly when activated at 850 ◦C, resulting in a maximum surface area of 1924 m2/g. This superior surface 
structure enhances the capacitive properties of the electrode material, positioning it as a promising candidate for applications in 
supercapacitors and energy storage devices. Cells obtained from samples 600 ◦C, 850 ◦C, and 950 ◦C with two electrodes showed 
different results in terms of specific capacitance, however, the best values of 131 F/g at a specific current of 1 A/g corresponded to a 
temperature of 850 ◦C. The GLC-OH 850 ◦C supercapacitor demonstrated outstanding cyclic stability, maintaining specific capacitance 
after 5000 charge-discharge cycles in the potential range of 0–1 V. Furthermore, the electrochemical analyses, including cyclic vol-
tammetry and charge-discharge studies, have showcased the exceptional performance of GLC-OH 850 ◦C, indicating its potential for 
energy storage technologies. These findings underscore the significance of thermochemical synthesis in tailoring carbon materials for 
electrochemical applications and open opportunities for further research. 
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Table 2 
Calculation result of energy density and power density at 600 ◦C, 850 ◦C, and 950 ◦C.  

Current density (mA/g) Specific energy density (Wh kg − 1) Specific power density (W kg − 1) 

600 ◦C 850 ◦C 950 ◦C 600 ◦C 850 ◦C 950 ◦C 

100 5,38 4,86 2,81 59.3 60 56.6 
500 4,13 4,74 2,09 124 143 131 
1000 3,21 4,54 1,9 249 280 214 
2000 1,96 4,04 0,88 504 528 500  

Table 3 
Comparative performance of various activated carbon materials for supercapacitor applications.  

Biomass 
material 

Activation 
reagents 

Specific surface 
area (m2 g− 1) 

Application Capacity Electrolyte Year Ref. 

Miscanthus KOH 3024 High-performance electric double 
layer capacitor (EDLC) 

110,8 F/g at 1 A 
g− 1 

Organic 2017 [40] 

Pine tree 
powder 

KOH 1018 High-voltage supercapacitors 133 F/g at 1 A 
g− 1 

1 M TEABF4/ 
AN 

2017 [41] 

Jute stick KOH 2396 Ultrafast supercapacitor 131 F/g at 1 A 
g− 1 

6 M KOH 2018 [37] 

Coffee 
grounds 

KOH 1250 Symmetric supercapacitors 105.3 F/g 8 M KOH 2019 [42] 

Oaknut shell KOH 3757 Ultra-high capacitance 
supercapacitors 

88 F/g at 0.5 A 
g− 1 

1 M Na2SO4 2020 [43] 

Sweet corn 
husk 

KOH 1370 High-voltage supercapacitors 127 F/g 6 M KOH 2020 [36] 

Waste wood KOH 424 Supercapacitors 95 F/g 2 mol/L KOH 2021 [44] 
Onion husk KOH 1924 Symmetric supercapacitors 140,1 F/g at 0.5 

A g¡1 
6 M KOH 2023 Present 

work  
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e32915. 
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