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ABSTRACT. This research aims to fabricate a screen-printed carbon electrode (SPCE) from coconut 

shell charcoal. The charcoal was activated with NaOH to produce activated carbon (Ac). It was mixed 

with acetylene black (AB) and poly (vinylidene) Fluoride (PVDF) at the mass ratio of 7:2:1 for the Ac, 

AB, and PVDF, respectively, followed by a dispersing with N-Methyl-2-Pyrrolidinone (NMP) producing 

carbon slurry that was painted on a SPCE template. To increase electrochemical sensitivity, ferrocene, Fc 

was dropped onto the working electrode part at 10%, 20%, and 30% of the total SPCE mass. The results 

show that Ac is amorphous with a porous chip-like morphology containing 61.7% carbon. Ac shows 

vibrations of O–H, C=O, C=C, C–O, and Si–O with surface area and average pore size of 154.612 m2 g-1 

and 1.42 nm, respectively. The cyclic voltammetry analysis found that 10% Fc on SPCE provides the 

highest current density compared to 20% and 30%. Meanwhile, the 2 mV s-1 scanning rate reveals a more 

defined anodic and cathodic peak than 3 mV s-1 and 5 mV s-1. Furthermore, the SPCE with 10% Fc shows 

a good sensitivity to Co (II) ions, proven by a low detection limit (LoD) of 0.224 mmol L-1.  

 

INTRODUCTION  

The oil production needs over 3 million tons of coconut annually. Coconut shells are one of the solid wastes 

produced from this production (Trisunaryanti et al., 2022). Coconut shell mainly consists of carbon elements due 

to its cellulose (36%), hemicellulose (25%), and lignin (28%) content (Kuan-Ching et al., 2021). The high carbon 

content in coconut shells makes them a potential raw material for producing activated carbon (Sujiono et al., 2022). 

In addition, coconut shells have other advantages, such as their low cost and renewability. The sustainability of 

raw materials is important once mass production is projected. Because carbon is essential for some applications, 

including adsorption, vapor adsorption (Ridassepri et al., 2020), photocatalyst support (Rahmawati et al., 2017), 

water electrode materials, photoelectrodes, and methylene blue adsorption (Rahmawati et al., 2023). Carbon is 

also the main component of analytical electrodes. Despite carbon produced from coal, recently, carbon derived 

from biomass has been studied for electrode fabrication such as screen-printed carbon electrode (SPCE) which 

was fabricated from sugarcane carbon for Cu2+ analysis (Rahmawati et al., 2023), carbonized-waste paper pulp for 

a nanocarbon-supported NiFe2O4 electrode for clenbuterol analysis (Ma et al., 2022), and SPCE from nano biochar 

for nitrites analysis in water (Ferlazzo et al., 2023). 

Activation is an important step in carbon preparation to increase carbon performance, especially the surface 

area. A high surface area of carbon is required for electrode preparation because a high surface area indicates a 

large reaction scene for electrochemical reactions on the carbon surface. Activation also removes silicate, which 
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is naturally available in biomass. The presence of silicate influences the electrode performance due to its resistive 

properties and prevents mesopore formation (Rahmawati et al., 2023). 

Some modifications can simply be applied to SPCE to increase the selectivity and sensitivity, such as by 

applying ferrocene (Fc) to SPCE for Cu2+ analysis by electrochemical voltammetric method (Rahmawati et al., 

2023; Wu et al., 2022). Ferrocenium complex is a strong oxidant that can increase electrochemical reactions on 

the working electrode’s surface (Hu et al., 2018). The Interaction of Fc and carbon can increase their 

electrocatalytic activity and accelerate electron movement (Wu et al., 2022). Previous research has shown that Fc 

addition can increase the SPCE detected current density by 136.4 μA (Wu et al., 2022), compared to the addition 

of bismuth (62.65 μA), gold (96.33 μA), and bare SPCE (42.48 μA) (Tang et al., 2017). Our previous research 

also found an increased electrochemical performance for Cu2+ analytic electrodes when screen-printed activated 

carbon from bagasse was modified with ferrocene (Rahmawati et al., 2023). A ferrocene modification also 

increases the electrochemical performance of SPCE from coconut shell for Pb2+ detection by a Limit of Detection 

(LOD) of 0.35 mM and a consistent result under 10% interference by the presence of other ions (Heliani et al., 

2024).  

Furthermore, this paper discusses the potential use of the Fc modified-SPCE prepared from coconut shells to 

detect Cobalt, Co2+, and ions. It is important to investigate whether the SPCE from coconut shells can detect some 

ions by providing different onset anodic and cathodic potentials and different peak positions. Therefore, this 

research investigated the voltage range of measurement of Co2+, the effect of scan rate (mV/s), the onset potential 

consistency for a various Co2+ concentration, and the LoD of this modified Fc-SPCE for Co2+ detection.  

 

RESEARCH METHODS 

This research used commercial charcoal procured from charcoal producers (Klaten, Central Java, Indonesia). 

All reagents used were analytical grade and obtained from Merck and Sigma Aldrich. Meanwhile, N-Methyl-2-

Pyrrolidinone (NMP) (p.a.), Poly(vinylidene) Fluoride (PVDF) (p.a.), and Acetylene Black (AB) obtained from 

KGC Saintifik, Indonesia.  

The surface morphology and elemental contents were determined using Scanning Electron Microscopy with 

energy-dispersive X-ray spectroscopy (SEM/EDX) (Hitachi FlexSEM 100). The vibration of functional groups 

was determined using Fourier-transform Infrared spectroscopy (FTIR) (Shimadzu IR Prestige-2) at 4000 – 400 

cm-1 wavenumber. The specific diffraction patterns were determined using X-ray diffraction (XRD) (Rigaku 

Minifex 600 Cu/Ka) at 10° – 60° 2θ. The Structural properties at the nanometric scale were determined using 

Raman Spectroscopy (RAMAN iHR320 HORIBA). Meanwhile, the surface area, pore volume, and pore 

distribution were determined using a Surface Area Analyzer (SAA) (Quantachrome NOVA Touch 4LX) through 

adsorption-desorption of N2 gas at 77 K and relative pressure.  

 

Activation of Coconut Shell Carbon  

The charcoal was crushed with mortar and pestle into powder and was sieved at 100 mesh. The 100 mesh 

charcoal powder was then soaked while stirred in distilled water for 1 hour. The distilled water was then decanted 

and the carbon residue dried at 60℃ for 3 hours. The resulting powder was signed as the leached carbon (Char) 

and analyzed by XRD, FTIR, SAA, and Raman. The following procedure was the activation, in which 25 grams 

of char was poured into 100 ml of 0.01 M NaOH solution (1 gram: 4 mL ratio) (Song et al., 2011) and heated at 

85 °C for 2 hours under stirred conditions (Sujiono et al., 2022). The solution was then neutralized by dropping 

0.1 M HCl solution under stirring conditions. The solution was then stored overnight until a residue formed and 

could be decanted. Afterward, the residue was dried for 3 hours at 130 ℃  (Sujiono et al., 2022). The resulting 

powder was signed as the activated carbon (Ac) and weighted to calculate mass degradation and % activation yield 

by applying Equation (1). The weight of Ac refers to the final weight after activation (g), and the weight of char 

refers to the weight of the leached coconut shell carbon to be activated (g). The activated carbon was then analyzed 

by SEM/EDX, FTIR, XRD, SAA, and Raman. 

% 𝑦𝑖𝑒𝑙𝑑 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐴𝑐

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶ℎ𝑎𝑟
 × 100          (1) 

 

Preparation of Screen-Printed Carbon Electrode (SPCE) 

Carbon slurry was made by mixing Ac, conductive agent (AB), and binder (PVDF) with a mass ratio of 7:2:1. 

Meanwhile, NMP was used as a dispersant (Huang et al., 2021). The carbon slurry was stirred at room temperature 
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until homogeneous. The slurry was then cast on a SPCE pattern that was printed by the Epson L210 series on PVC 

paper. The SPCE pattern is shown in Figure 1(a). The casted SPCE was then attached to a vacuum casting machine 

and then dried at 50 ℃ under vacuum conditions for 5 min, followed by heating in a vacuum oven to obtain good 

adhesion between the activated carbon ink with the PVC substrate (Wahyuni et al., 2021). After drying in a vacuum 

oven, the reference part was painted with silver paste, as shown by Figure 1(b), and Fc was added to the working 

electrode (WE). The three parts of the electrodes were then applied with paraffin liquid to prevent a short contact, 

as shown in Figure 1(c) (Rahmawati et al., 2023). The result was then used in electrochemical analysis of Co(II) 

with cyclic voltammetry. 

 
Figure 1. (a) Geometric of SPCE on PVC Paper, (b) three electrodes of SPCE, (c) and scheme of SPCE. 

 

Electrochemical Test 

A Cyclic Voltammetry (CV) test was conducted with CorrTest Electrochemical Workstation CS150 with Co 

(II) solution as an analyte to know the performance of the prepared SPCE. The prepared SPCE was attached to the 

electrode socket and dipped into the CoCl2 solution. The SPCE socket and solution chamber were assembled in an 

argon glove box (CY-VGB-1 with UHP Argon gas) to prevent oxygen disturbance during measurement. The 

assembled SPCE and the analyte solution are described in Figure 2. To check the optimum Fc percentage, the 

SPCE, modified by 10%, 20%, and 30% Fc, were applied to 4×10−6 M CoCl2 solution and objected to CV analysis 

at -1.5 to 1.5 V vs Ag/AgCl at 10 mV s−1 scan rate. The optimum Fc content was then applied further to investigate 

the optimum scan rate and SPCE limit detection. The SPCE with optimum Fc was then used to 2×10−4 M CoCl2 

solution and objected to CV analysis at 2.5 to -2.5 V vs. Ag/AgCl with various scan rates of 2, 3, and 5 mV s−1. 

The optimum scan rate and Fc content were then applied further to investigate SPCE limit detection by conducting 

CV analysis at 2.5 to -2.5 V vs Ag/AgCl with various analyte (CoCl2 solution) concentrations of 5×10−5, 2×10−4, 

4×10−4, and 8×10−4 M.  

 
Figure 2. (a) The SPCE socket and (b) the assembled socket with the analyte solution chamber. 

 

RESULTS AND DISCUSSION 

Characterization of The Activated Carbon  

The carbon leaching before activation resulted in char with an 87.1% yield. Meanwhile, the activation process 

produced activated carbon, Ac, at 75.39% yield. The weight loss after activation originated from the degradation 

of cellulose, hemicellulose, lignin, and unstable components in coconut shells (Wang et al., 2013). The char and 

Ac optical images are shown in Figure 3. The Ac morphology was then tested using SEM, and the result images 

are shown in Figure 4.  
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Figure 3. Optical image of (a) Char and (b) Ac. 

 

Figures 4 a, b, c, and d show the microscopic surface of dry bagasse at various magnifications. From Figure 

4, it can be seen that Ac has a chip-like morphology, which consists of micro holes with a size <5 m, indicating 

the porous surface of the Ac. EDX analysis confirmed that the Ac consists of C, O, and Si. The weight percent of 

each element is listed in Table 1, which shows a similarity with previous research (Sujiono et al., 2022). The 

presence of Na could be a consequence of alkaline treatment (Rahmawati et al., 2023). Moreover, the presence of 

N, O, Na, Mg, and K in carbon is from the soil’s micronutrients naturally available in coconut shells (Sujiono et 

al., 2022). Meanwhile, the presence of Al, Fe, and S is probably caused by carbon impurities. A high C content 

within Ac ensures that coconut shell is a promising raw material for activated carbon production. 

 
Figure 4. SEM analysis of Ac at different magnifications. 

 

Table 1. EDX Analysis of Ac.  

Elements Percentage (%) 

C 61.70 

N 13.45 

O 17.04 

Na 1.24 

Mg 0.74 

Al 0.83 

Si 0.88 

S 2.12 

K 1.01 

Fe 1.08 

 

  

  

Gambar 1. Pencitraan SEM-EDX KTK Ac dengan perbesaran (a) 500, (b) 1000, (c) 5000, dan 

(d) 10000X 

(d) (c) 

(a) (b) 
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FTIR analysis of Char and Ac found some spectrum depicted in Figure 5. A broad peak at 3421–3530 cm-1 

indicates O–H stretching from a hydroxyl group and phenolic group within cellulose molecule (Rahmawati et al., 

2023; Sujiono et al., 2022). A peak at 1733–2354 cm-1 is C=O stretching, which comes from carboxylic acids 

(Sujiono et al., 2022), aldehydes, and ketones from cellulose, hemicellulose, and lignin (Rahmawati et al., 2023). 

However, the C=O stretching peak can only be found in char and isn’t present in Ac’s FTIR spectrum. The peaks 

at 1745 cm-1 (Char) and 1548 cm-1 (Ac) belong to the C=C aromatic bond (Cazetta et al., 2011; Shrestha, 2016). 

The C–O stretching peak can be found at 1054 cm-1 (Char) and 1037 cm-1 (Ac), which come from glucoside bonds 

from cellulose, hemicellulose, and lignin (Rahmawati et al., 2023). Furthermore, the Si–O bending peak can be 

found in both Char and Ac’s spectra at 806 cm-1 and 807 cm-1, indicating silicate's presence in coconut shells 

(Rahmawati et al., 2023). The char and Ac spectrums also show the presence of an O–H out-of-plane group 

indicated by a peak at 580 cm-1 (Cazetta et al., 2011). The FTIR analysis shows that the activation treatment 

decreased the intensity of O–H stretching and C=C aromatic peak and removed the C=O stretching group. 

 
Figure 5. FTIR analysis of Char and Ac at 4000–400 cm-1 wavenumber. 

  

 The XRD pattern of both carbons shows a diffraction pattern with a broad peak lying between 25° and 43° 

(Figure 6). The pattern is close to amorphous carbon prepared by previous research (Abdullah et al., 2018). The 

XRD patterns fit with standard diffraction of amorphous carbon, JCPDS 41-1487. However, a peak at 2θ 15°, 

which appears in char, is unavailable in the Ac diffraction pattern. The peak refers to SiO2, confirmed by JCPDS 

32-0993. Activation treatment successfully removed SiO2 content from char. Furthermore, Rahmawati et al. 

(2023) stated that the SiO2 removal was a consequence of the usage of NaOH in the carbon treatment. The removal 

of the SiO2 reaction was shown by Reaction 1. 

SiO2 (aq) + NaOH (aq) → NaSiO3 (aq) + H2O (l)      (Reaction 1) 

 
Figure 6. XRD analysis of Char and Ac at 10° – 60° 2θ. 
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Surface area analysis of char and Ac shows that the activation treatment significantly increased the surface 

area, pore volume, and average pore size (Table 2). After the activation treatment, the surface area increases from 

46.598 m2 g-1 (char) to 154.612 m2 g-1 (Ac). The total pore volume also increases from 0.0327 cm3 g-1 for char to 

0.109 cm3 g-1 for Ac, confirmed by BET calculation as listed in Table 2. The average pore size increases from 

1.406 nm (char) to 1.42 nm (Ac). Both carbon pore radius was categorized as micropores (size < 2 nm), similar to 

the previous research (Sujiono et al., 2022). The isotherm graphs (Figure 7) show that activation treatment also 

increases the total volume of N2 adsorbed by Ac. According to Figure 7, the adsorption isotherms of both carbons 

follow type II, like previous research (Sujiono et al., 2022). However, the isotherm curves are not fully closed, 

which may be caused by the strong adsorption of N2 molecules to the carbon surface, which were hard to desorb 

or need more equilibrium time to be released entirely (Rahmawati et al., 2023).  

Table 2. SAA Analysis of Char and Ac.  

Parameter Char Ac 

BET surface area (m2 g-1) 46.598 154.612 

Average pore size (nm) 1.406 1.42 

Pore volume (cm3 g-1) 0.0327 0.109 

 

 
Figure 7. Adsorption–desorption graph of Char and Ac for N2 gas at 77 K and relative pressure. 

 

Raman spectroscopy analyzed graphitization degree through D and G band ratios. The Raman spectrum, as 

shown in Figure 8, provides similar patterns of Char and Ac, with two peaks at around 1345 cm-1 (D) and 1600 

cm-1 (G) referring to amorphous carbon (Shrestha, 2016). D band appears at 1350 cm-1, indicating vibration of sp3 

hybridization of the irregular carbon structure or defect structure. Meanwhile, the G band at around 1600 cm-1 

represents graphitized carbon with sp2 hybridization. The char's D and G intensity band ratio (ID/IG) is 0.83, while 

Ac has a D and G intensity ratio of 0.84. A higher ID/IG ratio value indicates more defects available within the 

carbon structure and represents the amorphousness of the carbon (Mopoung and Dejang, 2021).  

An impedance measurement was conducted to understand the electronic properties of the prepared Ac. The 

Nyquist plot of impedance is depicted in Figure 9. ZView fitting proceeded well by applying the R-L network as 

shown by the inserted scheme within Figure 9. The fitting result found resistant R of 1.56 , resulting 

in conductivity of 5.89 × 10-1 S cm-1 by applying Equation (1) with the distance between two active electrodes, l 

of 0.739 cm, and area of the active electrode, A, 0.804 cm2. The conductivity is higher than previous research on 

coconut shell carbon preparation, i.e., 2.36 × 10-8 S cm-1 (Azari et al., 2021). 
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Figure 8. Raman spectrum of char and Ac. 

 

Figure 9. Nyquist plot of char and the used R-L 

network. 

Electrochemical Tests of the SPCE 

CV analysis to Co (II) solution with the prepared-SPCE from Ac or SPCE-Ac was done at various FC content 

of 10%, 20%, and 30%. The result shows that SPCE 10% Fc has the highest current density of 0.7545 mA/cm2, as 

shown in Figure 10. It seems that too much Fc even reduces the electrode performance because the modifier can 

blockage the pores and reduces the conductivity of the electrode (Mossfika et al., 2020). SPCE 10% Fc was then 

further investigated to understand the scan rate factor. The results are described in Figure 11, which shows that 2 

mVs-1 provide more distinctive anodic and cathodic peaks. However, the voltammograms provide similar anodic 

and cathodic onset potential, i.e., 0.2 V vs. Ag/AgCl at 2, 3, and 5 mVs-1, confirming the stable performance of 

SPCE under different scan rates (Figure 11).  

 
Figure 10. Cyclic voltammogram of the ferrocene percentage optimization. 

 

The LOD of SPCE 10% Fc was tested with various concentrations of CoCl2 analyte. The result is shown in 

Figure 12, where the voltammogram response of cobalt reduction-oxidation revealed that the anodic and cathodic 

peaks became more distinctive as the concentration of CoCl2 solutions increased. Based on the standard deviation 

calculation in Equation 2, limit of detection (LoD) was then determined by using Equation 3, in which SD refers 

to standard deviation, xi refers to data union value, x̄ refers to the data average, n refers to lots of the data, n-1 

refers to the degrees of freedom (df), m refers to the slope of the calibartion curve plot of anodic peak current 

versus cobalt(II) concentration, and LoD refers to the detection limit (Heliani et al., 2024; Rahmawati et al., 2023). 
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Figure 11. Cyclic voltammogram of (a) SPCE at various scan rates and (b) SPCE at various scan rates and 

experiment times. 

 

 
Figure 12. Cyclic voltammogram of SPCE at various analyte concentrations (Co solution). 

 

The LOD of SPCE10%Fc is 0.224 mmol L−1. The result is compared with other published research works 

listed in Table 3. It shows that the prepared SPCE 10%Fc in this research provides a lower LoD than the others, 

indicating higher sensitivity. Furthermore, this research confirms that coconut shell char is a promising raw 

material for SPCE production. 

Table 3. Some various SPCE and GCE for CV analysis.  

Electrodes Analytes or Samples 
Analytical 

Characteristics 
References 

Graphite Ink Combination 

with Polystyrene 
Uric Acid 

L.R: 0.01–0.08 mM 

LOD: 0.0019 mM 

(Wahyuni et al., 2021) 

(Wahyuni et al., 2021) 

Polyurethene-LiClO4 Histamine 
L.R: 0.015–1 mM 

LOD: 0.035 mM 
(Munir et al., 2022) 

Patterned waxed paper 

screen-printed with silver 

ink 

Chloride/serum, sweat 
L.R: 10–200 mM 

LOD: 1 mM 
(Cinti et al., 2018) 

Au-MoA-D4-GlutOX Glutamate 
L.R: 5–25 mM 

LOD: 1.9 mM 

(Urbanowicz et al., 

2023) 

tetra-tert-butyl 

phthalocyanine (PcH2-

tBu)/Carbon (C) 

Volatiles Fatty Acids 

(VFAs) 

L.R: 100–400 mM 

LOD: 25.77 mM 
(Ndiaye et al., 2016) 

SPCE 10% Fc Cobalt ions 
L.R: 0.05–0.4 mM 

LOD: 0.244 mM 
This Work 
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CONCLUSION 

This research found that activation treatment to coconut shell char increases the surface area from 46.598 

m2/g to 154.612 m2/g for Char and Ac, respectively. The activation step also removed SiO2 content, allowing the 

activated carbon, Ac, to provide a high conductivity of 5.89×10-1 S cm-1. The conductivity value ensuring Ac is a 

good material for electrode production. The electrode, SPCE from Ac with 10%Fc as a modifier, shows a good 

performance in Co(II) analysis with a LoD of 0.224 mM. This study confirms that coconut shell char is a potential 

raw material for SPCE production. The coconut shell's high abundance and renewability will support sustainable 

SPCE production without dependence on fossil coals.  
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