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ABSTRACT  

This study investigates the electrochemical evaluation of the activated carbon (AC) prepared from 

pomegranate peels which were collected, dried, carbonized and finally activated with KOH at different 

temperatures. The characterization of the as-prepared AC revealed an amorphous type of carbon and densely 

layer-stacking sheets with an interconnected micro porous network with a remarkable 3128.86m2g-1 surface 

area. The as-synthesized AC displayed a remarkable capacitance of 126 F g-1 at 0.5 A g-1with a storage retention 

of 137 % after 2000 cycles at a current density of 2 A g-1.  Meanwhile, the realistic symmetrical simulation has 

been installed, it shows an energy density of 4.58 W h kg-1 at a power density of 244 W kg-1 with a storage 

retention of 66 % of the initial capacity at a current density of 2 A g-1 after 2000 cycles. Overall, these results 

demonstrate that for supercapacitors evaluation, the AC electrode can be considered a successful electrode 

material. 
 

Keywords: Activated carbon; Pomegranate peels; Supercapacitors; Symmetric device; 

Energy storage. 
 
 

 

 

 

 

 

 

  

1. INTRODUCTION 

Efforts to deplete the environmental 

impacts accompanying greenhouse gas 

emissions have boosted universal demands in 

growing sustainable energy-sources 

worldwide[1-3].Renewable sources of energy 

include solar and hydropower which are the 

most auspicious solutions to these problems[4-

8]. As a result of the great instabilities in the 

electricity generated from renewable energy 

resources, it is essential to be stored effectively 

to provide the demanded-energy [9-11]. 

Batteries and supercapacitors (SCs) are the 

prime technologies for electrochemical energy-

storage energy-storage amongst the different 

energy-storage systems. SCs based on rapid 

electrostatic processes or Faradaic-

electrochemical routes. The charge is mostly 

stored at the electrode (active material) 

/electrolyte interface, such as high surface area 

porous carbonaceous materials, metal 

compounds, or conductive polymers. Though 

the storage of charges and performance origins 

are analogous to the traditional capacitors, the 

specified capacity and specific energy in the SC 

increase by 100,000 or larger than the 

conventional ones, which can be achieved by 

introducing active-electrode materials with 

surface areas of 1000 times higher, nanoscale 

spaces, and further pseudocapacitance by rapid 

Faradaic reactions. Consequently, SCs store 

thousands of Farads in one device, much higher 

than that are stored by conventional capacitors. 

SCs feature batteries in which SCs can provide 

rapid charge/discharge times (seconds to 

minutes), but with reduced specific energy. In 

addition to high power density, SCs further 

possess some other benefits over batteries, such 

as operational safety, long-life of cycling, 

extraordinary efficiency, and high stability 

[12]. 
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In general, SCs electrodes can be 

categorized into three dissimilar models 

including electric-double layer capacitors 

(EDLCs), pseudocapacitors, and battery-type 

capacitors[13]. Consequently, asymmetric SCs 

devices are constructed from two capacitive-

type electrodes [14-18]and hybrid SCs devices 

which are constructed from two electrodes, one 

can store the charge by a faradaic battery-type 

process whereas the other electrode employs a 

capacitive mechanism for charge-storage[19-

23]. 

Activated carbon (AC) has been widely 

recognized as SC electrode material, whose 

unique physical and chemical properties, 

excellent conductivity, low cost, and high 

surface area are considered [23-26]. AC has 

been developed from various biomass sources, 

for instance, banana fibers, Argan seed shells, 

corn grains, camellia oleifera shell, oil palm, 

sugarcane bagasse, scrap waste tires, and onion 

dry peel waste [27-32]. ACis classified as 

EDLCs, where energy can be stored in the 

electrolyte/electrolyte double-layer interface, it 

also has enticed considerable attention despite 

the high density of energy, long life and fast 

charging capacity[33-35]. 

In this work, the main objective is to 

prepare the AC from low-cost pomegranate 

peels and the study of its electrochemical 

performance in an electrolyte solution with 6 M 

KOH. The as-prepared AC is an amorphous 

carbon with densely layered sheets with a 

porous network interconnected, AC with a 

microporous characteristic was found to give a 

very high surface area of 3128.86 m2 g-1. The 

as-synthesized material exhibited a good 

electrochemical performance at 0.5 A g-1 with a 

remarkable capacitance of 126 F g-1and 

superior cycling stability of 137% capacitance 

retention at 2 A g-1 after 2000 cycles. 

2. EXPERIMENTAL SECTION 

2.1 Preparation of AC from pomegranate 

peels 

The pomegranate peels were firstly washed 

with deionized water and dried at 105°C. The 

carbonization process was implemented at 

850°C for 2h with a heating rate of 5°C min-1, 

accompanied by room temperature cooling. The 

carbonized sample was crushed with a 4-fold 

weight of KOH, as an optimum ratio which 

increases the yield and surface area [36-

38],using a ball mill at speed 400 rpm for 40 

min for well mixing. The mixture was heated in 

a tubular horizontal furnace at different 

temperatures and times. Firstly, the mixture 

was heated at 200°C for 60 min with 150 

ml/min of nitrogen flow, the sample 

temperature was raised to 500°C for 60 min, 

and then also raised to 850°C for 100 min with 

a 5 °C/min heating rate[38].After cooling down 

to room temperature, the residue was 

repeatedly washed with water and ethanol, then 

collected by filtration to get the prepared black 

AC from Pomegranate peels. The synthesis of 

AC was repeated three times to approve the 

reproducibility of the results. 

2.2 Characterization of the materials 

The powder X-ray diffraction (XRD) 

(Brucker D8 diffractometer) was used to 

characterize the purity and crystallinity of the 

as-prepared AC using the Cu-Kα (λ=1.5406A0) 

radiation in the range 2θ from 100 to 700 and 

scanning rate of 20 min-1. The morphologies 

were studied using a JEOL instrument (JSM –

5410, Japan), using field emission scanning 

electron microscopy (FSEM).The chemical 

composition of the AC was determined using 

X-ray photoelectron spectroscopy (XPS, 

scientific thermos) using Al Kα 

monochromatized radiation. A JY Lab-Ram 

HR800 Raman spectrometer was used to collect 

Raman spectrum. The actual surface area was 

measured using the Brunauer – Emmett – 

Teller (BET, Quanta chrome NovaWin) 

process. 

2.3 Electrochemical characterization 

The as-prepared AC electrode performance 

was electrochemically evaluated in 6 M KOH 

solution as the electrolyte via 3-electrode 

system. AC was combined with carbon black 

and Nafion (as a binder) for working electrode 

manufacturing in a weight ratio of 80:10:10, 
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respectively, to create a suspended solution, 0.5 

mL of ethanol was added into the mixture. 

Drop-casting the suspended solution onto a 

piece of nickel foam (1 cm x 3 cm) substrate 

(NF, 1.6 mm thickness, Xiamen Tob New 

Energy Technology Co. LTD, China) installed 

the working electrode. The casted-film was 

then overnight dried at 70°C. The 

electrochemical behavior of prepared AC 

electrode was investigated at room temperature 

by (Volta lab 40 PGZ 301, Radiometer 

Analytical, France) with a platinum wire as a 

counter-electrode and a saturated calomel 

electrode (SCE) as a reference electrode. The 

symmetric system was designed for a practical 

application, in which the as-prepared AC was 

tested as a positive and negative electrode 

(denoted as AC//AC).  

Cyclic voltammetry (CV) measurements 

were tested at various scanning rates from 10 to 

50 mV s-1 in a potential range of -1 to 0V (vs 

SCE). Within a potential range of -1 to 0 V (vs 

SCE), galvanostatic charge/discharge (GCD) 

was performed at varying current densities 

from 0.5 to 3 A g-1. The Electrochemical 

impedance spectroscopy (EIS) measurements 

were analyzed using Nyquist plots in the 

frequency range 100 kHz to 0.01 Hz. At current 

density of 2 A g-1 the stability experiment was 

evaluated. From the GCD results the specific 

capacitance (Csp) F g-1 was estimated 

according to the following equation [39, 40].   

Csp =    I∆t / m∆V                     (1)  

Where I is the current applied in GCD test 

(A), ∆t is the time of discharge (s), ∆V is the 

potential window (V) and m is the active 

material mass (g).  

3. RESULTS AND DISCUSSION 

3.1 AC characterization. 

Fig. 1a displays XRD result of the 

prepared AC, there are no observed peaks 

in the pattern, indicating the amorphous 

nature of the AC. The Raman analysis as 

shown in fig. 1b, investigated the 

graphitization degree for the AC sample. 

The D and G bands, respectively, are two 

wide peaks located at 1333 and 1575 cm-1 

for AC. The D band represents the defects 

and the carbon material disorder (A1 g 

symmetry) while the G band is associated 

with the bond stretching of the sp2 carbon 

atoms pair (E2g symmetry). The 

graphitization degrees and defects are 

illustrated from the ID / IG intensity ratio. 

For example, the intensity ratio (1.03) 

which implies the high structural defects in 

AC could be due to KOH activation may 

produce defects and nanopores in the 

carbon frameworks. Subsequently, as the 

amount of KOH increases, the degree of 

graphitization decreases(larger ID / IG 

ratio). The larger ID / IG values (1.03) 

may increase defects that act as the active 

and adsorption sites, thus enhancing SCs 

performance and catalytic activity[41, 42]. 

Fig. 1c and d describe XPS analysis, 

which shows different surface atoms 

compositions for the sample. The centered 

peaks of  285 and 532 eV refer to C1s and 

O1s, respectively [43,44]. Fig.1c. confirms 

the high resolution C1s spectra of AC. 

C1scan be deconvoluted into four spectral 

components indexed by (C=C), (C–C),(C–

O), and carboxyl/epoxy (O-C=O) at 

binding energies of 284.4, 284.4 285.4 eV, 

respectively [45-47].In particular, AC 

high-resolution XPS spectra of O1s (Fig. 

1d) was deconvoluted to three peaks at 

binding energies of 531.7, 530.7, and 

532.3 eV, signifying the presence of C-

OH, C–O, and O–C=O group srespectively 

[48].  

Fig. 2a and b show the as-prepared AC 

isotherm of the nitrogen adsorption/desorption. 

At the activation temperature of 850 ° C, the 

calculated BET surface area of the AC from the 

isotherm in the P/P0 range of 0.01 to 0.1 is 

3128.865 m2 g-1.This BET surface area value is 

similar to that of AC made from biomass 

resources (3164 m2 g−1)[49]. The BET curve 

displays the standard type I isotherms as 

illustrated by the IUPAC classification[50], 
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specifying the microporous feature of  this AC 

sample. The total volume of the active carbon 

pores was calculated using the amount of 

nitrogen adsorption at the P/P0 value of 0.98718 

is 1.87 mlg-1with an average pore diameter of 

2.2 nm. Surface morphology of AC from 

pomegranate peels (Fig. 3a) is evinced in Fig. 

3b,c, and d (SEM images), displaying densely 

stacked-layers of the carbon sheets with a 

porous network interconnected to them. 

3.2 Electrochemical properties of the AC 

electrode 

The CV as well as GCD and EIS were 

measured in 6 M KOH to estimate the 

electrochemical properties of the prepared 

activated carbon as an active electrode material 

for SCs, as seen in the fig. 4. Plainly, Fig. 4a 

indicates that the CV curves (at varying scan 

rates from 10 to 50 mV s-1) of the prepared AC 

in which at low scan-exhibit a semi-rectangular 

shape and a deviated oval-like shape at a high 

scan rate in the potential range from -1 to 0V 

without any faradaic redox peaks at all 

scanning rates. This illustrates the ideal EDLC 

behavior of the prepared electrode and the 

absence of pseudo-capacitance effect, in which 

energy storage systems collect energy at the 

double layer interphase of the electrode 

/electrolyte [51, 52]. 

In Fig. 4b, the GCD tests of the prepared 

electrode were conducted for further 

investigation of the electrochemical 

performance. Clearly, GCD curves present 

linear and symmetric charge / discharge curves 

at different current densities from 0.5 to 3 A g-1 

with the same potential window (-1 to 0 V). 

The specific capacitance as a function of 

current density of AC electrode can be 

determined from GCD, Fig. 4b, using equation 

1. AC manifests a high specified capacitance 

value of 126 F g-1 at 0.5 A g-1 higher than that 

reported before such as honeycomb AC from 

agriculture waste (76 F g-1 at 0.025 A g-1), 

Allium cepa (onion dry peel waste, 189.4 at 0.1 

A g−1) [27,32], AC obtained from Amygdalus 

pedunculata shell (50 F g−1)[38], and AC 

nanofibers (150 F g−1 at 10 m A g−1 )[53].     

Cycling life was achieved using GCD 

measurements. The stability test of the prepared 

AC electrode was demonstrated at 2 A g-1 for 

2000 cycles as shown in Fig. 4c.AC electrode 

exhibited a notable cycling stability after 2000 

cycles (137% capacitance retention). The 

improvement of capacitance during long 

cycling could also be due to the activation 

influence throughout the electrochemical 

cycling, the increase in wetting of electrode 

surface with cycling, and the electrolyte ions 

diffusion into the newly opened microporous 

on the electrode by cycling, resulting in an 

increase in the electroactive surface area. [54]. 

At open-circuit voltage, Nyquist plots show 

EIS of the prepared active carbon being 

obtained in Fig.4d. The intersection of the 

graph at the real part (Zr) in the high-frequency 

area describes the equivalent series resistance 

(ESR), Which is linked to the ionic resistance 

of the electrolyte, internal resistance of the 

active material electrode and contact resistance 

of the electrode with the current collector [55]. 

From the plots, AC as a fresh electrode has a 

similar value of ESR (3.2 ohm) to that after a 

stability test (3 ohm), suggesting the absence of 

an Ohmic loss during cycling due to the high 

conductivity of the AC electrodes. The Nyquist 

plots show a low frequency semicircle and a 

near vertical line in the high frequency region. 

In the low frequency area the near-vertical line 

indicates that AC electrode exhibited better 

capacitive behavior. 

3.3 Electrochemical performance of the 

symmetric SC. 

To estimate the electrochemical efficiency 

of the AC electrode for practical application in 

a two-electrode cell configuration. The EDLC 

symmetric device was assembled in an 

electrolyte of 6 M KOH using two electrodes of 

the prepared AC, one electrode as a positive 

part and the other as a negative one(presented 

as AC//AC) within an operating voltage of 0.0 

to 1.0 V. The CV curves of the AC//AC device 

are shown in Fig. 5a at different scan rates from 

10 to 100 mV s-1 over a potential range of 0.0 

to 1.0 V. All CV curves of the symmetrical SC 
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present the near-rectangular CV shapes without 

any faradaic redox peaks at all scan rates. This 

reveals the ideal EDLC behavior for both 

electrodes and the absence of a 

pseudocapacitance effect. As manifested in 

Fig.5b,GCDtested at various current densities 

of 0.5, 1, 2, 3, 4, 5 and 10 A g-1, However, the 

linear charging / discharge profile confirms the 

lack of Faradic-type of AC/AC, AC//AC EDLC 

system shows a specific capacitance value of 

33 F g-1 at 0.5 A g-1, Ed at 4.58 Wh kg-1, and Pd 

at 248 W kg-1. 

The as-fabricated device's cycling stability 

was achieved by running the GCD test at a 

current density of 2 A g-1 within 0 to 1 V, as 

illustrated in Fig. 5c. The AC//AC system 

exhibited 66 % capacity retention after 2000 

cycles of the first cycle capacitance value, 

showing the EDLC device's worthy 

reversibility and stability. EIS was performed, 

as shown in Fig. 5d, for the AC//AC EDLC 

system, showing a smaller ESR (2.5 Ohm).It 

was observed that ESR slightly changed 

(3Ohm) after 2000 cycles, indicating a 

negligible Ohmic loss upon cycling. The 

relationship between Ed and Pd was defined 

using a Ragone plot based on the 

aforementioned data (Fig. 5e). Ragone plot 

promisingly exhibited an Ed of 4.5 Wh kg-1 at a 

Pd of 244 W kg-1. Such results show that the 

AC//AC design as an EDLC capacitor has great 

potential for energy-storage systems. 

CONCLUSIONS 

AC was successfully elaborated from waste 

materials based on priceless pomegranate peels 

to investigate as a SC electrode. AC shows 

promising structural and morphological 

properties supporting its use for energy storage. 

CV and GCD indicate electrochemical double-

layer capacitance. The AC electrode depicts a 

high defined capacitance value of 126 F g-1 at 

0.5 A g-1, Cycling stability of prepared AC is 

reached with a good capability retention of 137 

%, even after 2000 cycles. The practical 

symmetrical AC//AC SC device was 

assembled, the ECDL device exhibited an Ed of 

4.58 Wh kg-1and a Pd of 244W kg-1. Eventually, 

results show that the AC//AC system as an 

EDLC capacitor has great potential for 

applications of energy-storage devices. 

 

Figure 1: (a) XRD chart, (b) Raman spectrum, and (c, d) AC XPS spectrum high resolution. 
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Figure 2(a) N2 isothermic adsorption – desorption and (b) distributions of AC pore size. 

 

 

Figure 3: a) Pomegranate peels and (b), (c), (d) as-prepared AC FE-SEM images with different 

magnifications . 

           

 

Figure 4(a) CV curves at different scanning rates from 10 to 50 mV s-1(b) GCD at variable current 

densities from 0.5 to 3 Ag-1(c) stability test at 2 A g-1 and (d) AC electrode EIS profile. 
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 ةالطاق ثمرة الرمان كمواد لتخزين حضير والسلوك الكهروكيميائي للكربون المنشط من قشورت

 ،  3، مروة محرم 2، سعد محمد جمعه 2عطيةيحي ، سيد  1منى محمود مراد

  3، محمد محمود رشاد 1رباب محمد ابو شهبه

 كلية العلوم فرع البنات جامعة االزهر  –قسم الكيمياء  -1

 معهد الدراسات المعدنية بالتبين – اتكيمياء الفلزقسم  -2

 الفلزات بالتبين مركز بحوث -3

 

 العربي الملخص

ة هذذ ا البحذذو  عذذوم الذذر اسذذاس وراسذذة السذذلوى الكهروكيميذذا ر للكربذذوا النفذذ  المحيذذر مذذن الم لفذذات البي يذذ

ذلذ  امذل  مذاا ثذم بعذدواالستفاوه منها مثل قفور ثمره الرمذاا التذر  ذم  عميعهذا و عفيفهذا وامذل لحذوه الحذرا لعفذور الر

ل يفات لهذا مثذ نفي  للماوه المحيرة بهيدروكسيد البو اسيوم اند ورجات حراره م تلفة ومن ثم نعوم بدراسذة  كافذة التو ذ

 ر اا متذر مربذل لكذل جذرامد وقذد  بذين مذن لذ ا نتذا ا السذلوى الكهروكيميذا 3128.86قياس مسذاحة السذحو والتذر  مثذل 

كذل جذرامد فاراو لكل جذرام انذد  يذار كهربذر نمذي امبيذر ل 126قيمة للسعة الكهربية  بلغ الكربوا النف  المحير  عحر 

امبير واند  2اند  يار كهربر %137 من الدورات الكهربية حوالر  2000و بلغ نسبة االحتفاظية للسعة الكهربية بعد ادو 

ات سذااة و 4.58فا ق وجذد اا قيمذة الحاقذة النوايذة هذر  كاة معملية للكربوا النف  المحير واست دامه كمكثياامل مح

امبيذر  2ربر % اند  يار كه66وات لكل جرام ونسبة االحتفاظية للسعة الكهربية حوالر  244لكل جرام وقيمه قدرة نواية 

مكثذي كت دامها اسذ لكل جرامد ومن ه ه النتا ا والعيم  مكن ااتبار الكربوا النف  احد المواو الناجحة والبسيحة التر  مكذن

 فا ق لت ز ن الحاقة لحين الحاجه اليها


