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Abstract: This study examines the effects of the composition ratio 
of carbon paste electrodes made from coconut shell–derived carbon 
and evaluates their feasibility as working electrodes in the cyclic 
voltammetry method for measuring lead Pb(II) concentrations. In 
this study, measurements were performed on Pb(II) solutions using 
a working electrode composed of a carbon paste electrode derived 
from coconut shell charcoal. The sensitivity, repeatability, and 
linearity of the electrode were assessed in the measurement of Pb(II) 
by cyclic voltammetry. The objective of this study was to determine 
the optimal electrode composition for Pb(II) measurement using 
cyclic voltammetry. Three electrode composition ratios 6:4, 7:3, and 
8:2 were tested to evaluate their effect on measurement sensitivity. 
The feasibility of carbon paste electrodes as working electrodes was 
also examined by testing different Pb(II) solution concentrations: 1 
ppm, 2 ppm, 4 ppm, and 8 ppm. The results indicate that the 
composition of the carbon paste electrode significantly affects the 
measurement performance. The optimal composition, 8:2, yielded 
the highest peak anodic (Ipa) and cathodic (Ipc) currents compared 
to other compositions. Furthermore, carbon paste electrodes made 
from coconut shell charcoal demonstrated good repeatability and 
linearity, meeting established analytical standards. Therefore, these 
electrodes are considered suitable for use as working electrodes in 
electrochemical analysis. 

Keywords: Carbon Paste Electrode, Coconut Shell, Heavy Metal 
Waste Pb(II), Cyclic Voltammetry. 
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1. Introduction 

The use and utilization of metal raw materials can cause adverse effects, such as pollution 
caused by the large number of industries that use excessive amounts of metal raw materials, which 
certainly affects the quality of the environment. The impact of heavy metals can be said to be very 
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dangerous to humans. Heavy metals can cause poisoning and even death [1]. Lead metal Pb(II) is 
classified as a heavy metal. Pb compounds are among the most durable and difficult to break down. 
Exposure can occur through consumption of food, beverages, air, water, and dust that has been 
contaminated with lead compounds[2]. Abdominal cramps, stomach pain, constipation, nausea, 
vomiting, severe stomach pain, headache, confusion, difficulty thinking, difficulty speaking, and 
frequent fainting or coma, decreased IQ, difficulty reading and writing, hyperactivity and behavioral 
disorders, growth and visual and motor function disorders, hearing disorders, anemia, and damage 
to the liver, brain, liver, kidneys, nerves, and digestive system, lethargy, coma, seizures, or epilepsy 
may result from lead exposure[3]. Due to the negative impacts caused, various studies have been 
conducted to examine heavy metal levels in the environment. One of the most widely used methods 
is voltammetry. With its high selectivity, fast analysis time, and low operating costs. Stripping cyclic 
voltammetry is one of the methods used to measure heavy metal waste[4]. 

Voltammetry is a technique for analyzing samples by measuring the electric current that 
appears in an electrochemical cell when voltage is applied[5]. There are two steps in cyclic stripping 
voltammetry. The first step is the deposition process, during which chemical substances are 
electrolytically deposited on the electrode surface under constant potential conditions, forming an 
insoluble layer. The second step is the stripping process, during which the electrode potential is 
altered, causing the insoluble chemical layer on the electrode surface to be electrolytically released 
back into the solution at a specific potential[6]. Voltammetry result is voltammogram. A cyclic 
voltametry system has four parts: an electrolysis cell, a potentiostat, a current-to-voltage converter, 
and a data acquisition system. The working electrode's potential changes over time, while the 
reference electrode stays the same. This produces a voltammogram. In voltammetry, there are three 
types of electrodes: the working electrode, the auxiliary electrode, and the reference electrode. 
Redox reactions or electron transfer occur at the working electrode[7]. 

Carbon paste electrodes are often used as working electrodes. Voltammetry is one of the 
strategies to analyze heavy metals. This method measures current as a function of potential. One 
important aspect of voltammetry is the use of working electrodes. Solid working electrodes are 
widely used because they are easier and cheaper to use[8]. Previous research conducted by M. R. 
Wachid & Setiarso (2014) on the use of carbon paste electrodes for metal analysis by cyclic stripping 
voltammetry stated that carbon paste electrodes work well in heavy metal analysis using the 
electrochemical voltammetry method[9]. Carbon paste electrodes have attracted much attention as 
sensor electrodes in electrochemical analysis. These electrodes can be easily made by mixing active 
carbon powder with liquid paraffin[10]. Activated carbon materials are often derived from coal, 
which has high economic value and is difficult to obtain. Therefore, organic materials have become 
an alternative source of activated carbon, offering more affordable prices and easier access. 
Agricultural byproducts, plastic waste, and paper can be used as carbon sources. By burning these 
materials into charcoal, they can then be processed through activation to convert the charcoal into 
activated carbon [11]. Organic materials that are abundant and easily found, such as coconut shells. 
According to research conducted by Nurfitria, N.,et al (2019) Activated carbon made from coconut 
shells can be used as an adsorbent for Pb2 metal ions in water samples. With activated carbon 
activated with 1 M KOH, the amount of Pb2 metal ions absorbed was 86% of the initial 
concentration. From the research conducted on activated carbon from coconut shells, activated 
carbon from coconut shell charcoal can be used as a carbon source for carbon paste electrodes[12]. 
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As mentioned earlier, carbon paste electrodes are made by combining carbon and paraffin as 
a binder. The composition of carbon and paraffin can affect conductivity, porosity, and 
performance for electrochemical analysis. The optimal ratio of carbon and paraffin determines how 
well the electrode can conduct electricity, which is very important for electron transfer in 
electrochemical processes. In previous research, Puspita & Noviandri (2021) made carbon paste 
electrodes with a graphite and paraffin composition with a weight ratio of 7:3, which were heated 
at a temperature of 70 degrees Celsius and stirred until homogeneous. The paste was then molded 
and connected with copper wire[13]. Research was also conducted by Irdhawati et al (2021). 
Carbon paste electrodes were made by mixing 100 mg of graphite with 35 µL or 0.035 ml of liquid 
paraffin, ground until homogeneous, and molded[14]. 

Although the successful production of carbon paste electrodes (CPE) has been achieved by 
previous researchers, there is no standard composition for their production. The materials used are 
still too difficult to obtain, the price is fairly expensive, and the use of materials from non-renewable 
natural resources is a problem. The aim of this research is to make carbon paste electrodes (CPE) 
using basic, easily available materials and to study the influence of the composition of activated 
carbon and paraffin oil on the performance of carbon paste electrodes for detecting heavy metal 
waste lead. 

2. Materials and Method 

Research examines making carbon paste electrodes from coconut shells with ratios of 6:4, 7:3, 
8:2, and conducting voltammetry tests to determine their performance in cyclic voltammetry 
electroanalysis with lead Pb(II) test solutions of 1 ppm, 2 ppm, 4 ppm, and 8 ppm. 

Samples were dried in the sun for seven days, then carbonized at temperatures ranging from 
400°C to 600°C in a horizontal furnace. The coconut shell was then transformed into coconut shell 
charcoal, ground into a powder, and sifted through a 120-mesh sieve to create fine powdered 
charcoal.Two methods can activate carbon: chemical with alkali hydroxides, carbonate salts, 
chlorides, sulfates, alkaline earth phosphates, and ZnCl₂, and thermal with temperatures ranging 
from 800°C to 900°C. Activation is influenced by activation duration, temperature, particle size, 
ratio of activated material to total mass, and activation method[15]. 

the study used chemical activation using a KOH solution for carbon activation. Activated 
carbon is activated with water, carbon, and 1M KOH at a 1:1:4 ratio. The mixture was heated and 
stirred at 80°C for four hours. It was allowed to stand for 24 hours, after which a precipitate 
formed. The filtrate was discarded. The activated carbons were then physically activated in an oven 
at 110°C for four hours. Activated carbon was used to make carbon paste electrodes. This is the 
activation stage that was carried out in the previous study[12].  

the electrodes are made from coconut shell charcoal and paraffin oil at ratios of 6:4, 7:3, and 
8:2. This ratio is determined by comparing the weight of carbon and paraffin oil. For example, if 
the electrode is made with a weight of 10 g, a ratio of 6:4 means that 6 out of 10 of the electrode's 
weight is carbon and 4 out of 10 of the electrode's weight is paraffin oil. Then, the electrode body 
is inserted manually with a spatula to press and bond the carbon paste with copper wires. The 
electrode surface is rubbed until it is smooth, flat, and shiny. 

Cyclic voltammetry testing is carried out using electrodes that have been made to obtain 
performance data from these electrodes.Cyclic Voltammetry (CV) is a technique that employs a 
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potentiostat to administer a voltage to a working electrode situated within an electrochemical cell, 
concurrently assessing the current that arises as a consequence. Research shows that optimal 
conditions for analyzing heavy metals are a 60-second deposition time, a -1.3 volts deposition 
potential, a 200 mV/second scanning speed, and a positive direction. The Pb peak potential at -0.4 
V and pH 6 with a pH range between 4 and 7 is obtained. 

in this study, we used a voltammetry cell with 20 mL of Pb(II) standard solution (1 ppm) and 
20 mL of 100 ppm KCl solution. Then, we added 10 mL of pH 6 citrate buffer solution. We made 
current measurements at -1 V to 1 V, 60 seconds, and 20 mV/second. We compared the 
voltammograms to find the best carbon paste electrode composition. We determined the 
repeatability of the electrodes by measuring them repeatedly. The data obtained was a 
voltammogram of the applied potential curve versus peak current. We made repeatability 
measurements on a voltammetric cell with 20 mL of Pb(II) standard solution (1 ppm) and 20 mL 
of 100 ppm KCl solution and 10 mL of pH 6 acetate buffer solution. We performed repeated 
measurements on the electrode under optimum conditions. We compared the voltammograms 
obtained by the potential curve applied to the peak current. We found the linearity of the 
measurement by making a calibration curve. We measured 20 mL of Pb(II) standard series solution 
(1 ppm, 2 ppm, 4 ppm, and 8 ppm) using a voltammetric method. We added 20 mL of KCl solution 
(100 ppm) and 20 mL of acetate buffer solution (pH 6). We took measurements with the optimum 
condition. We compared the voltammograms obtained by the potential curve applied to the peak 
current. We obtained a voltagram of the standard solution curve and determined the absorption 
value of lead in the test. 

Furthermore, it is necessary to analyze the data by comparing the data in the form of 
voltammogram graphs and statistical calculations and reporting the results so that it can be seen 
how the performance of carbon paste electrodes as working electrodes in the voltammetry system. 
In a voltamogram, there are important variables, namely the cathodic potential peak (E pc ), the 
anodic potential peak (E pa ), the cathodic current peak (I pc ), and the anodic current peak (I pa ) 
[5]. The peak (Ipa/Ipc) then calculated using the equation  Current  1 minus  Current  2, where 
Current 1 is highest  value at peak current and Current 2 is lowest value at peak current. 

3. Results and Discussion 

3.1. Best Electrode Composition 
The test was conducted using the cyclic voltammetry method with a carbon paste electrode 

serving as the working electrode, Optimum Measurement Conditionsand and the test solution was 
a lead solution with a concentration of 1 PPM.  The following figures present the voltammograms 
of the test results for carbon paste electrodes derived from coconut shell charcoal, with variations 
in electrode composition of 6:4, 7:3, and 8:2, as indicated in Figures 1, Figures 2 and Figures 3. 
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 (a) (b) 

 
(c) 

Figure 1. Voltamogram of Cyclic Voltammetry Test Results with Coconut Shell 
Charcoal CPE on Lead Pb(II) Solution. (a) composition 6:4 

(b) composition 7:3 (c) composition 8:2 
 

The ability of carbon paste electrode for lead(II) analysis by cyclic voltammetry was 
determined by determining the best composition of the electrode by making variations in electrode 
composition. The data obtained were voltammograms of applied potential versus peak current 
curves for each composition variation. The composition of the carbon paste electrode is said to be 
the best if the composition provides high sensitivity as indicated by the high peak current in the 
voltammogram. The peak (Ipa/Ipc) then calculated using the equation  Current  1 minus  Current  
2, where Current 1 is highest  value at peak current and Current 2 is lowest value at peak current. 
The voltamograms, which were obtained by measuring the variations in electrode composition on 
a standard solution of Pb(II) 1 ppm, demonstrate that all electrodes exhibit current peaks in the 
measurements. However, the peaks observed in the carbon paste electrodes, which exhibited 
variations in the ratio of carbon to paraffin (7:3), were less pronounced. In contrast, electrodes 
with variations in the ratio of 6:4 and 8:2 demonstrated a more pronounced peak current. The peak 
current value of each electrode variation was obtained based on the voltamogram of the cyclic 
voltammetry test results on carbon paste electrodes derived from coconut shell charcoal. The 
following section presents the data obtained from the testing of carbon paste electrodes derived 
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from coconut shell charcoal, with variations in electrode composition (6:4, 7:3, and 8:2) as show in 
Table 1.  

 
Table 1. Cyclic Voltammetry Test Results Data with Variations of Coconut Shell Charcoal 

CPE on Lead Pb(II) Solution. 

Electrode 
Variation 

Current( 𝐴/𝐶𝑚&) Ipa 
( 𝐴/𝐶𝑚&) 

Epa 
(V) 

Current( 𝐴/𝐶𝑚&) Ipc 
(𝐴/𝐶𝑚&) 

Epc 
(V) Current  

1 
Current  

2 
Current  

1 
Current  

2 
6:4 0.182 0.069 0.114 -0,283 -0.490 -0.282 -0.208 -0,486 
7:3 1.170 1.040 0.128 -0,279 -2.590 -1.090 -1.500 -0,503 
8:2 8.980 6.680 2.300 -0,292 -12.500 -13.000 0.479 -0,561 

 
Based on Table 1, it can be seen that the composition of carbon paste electrodes produces 

different peak current values and electrode variation ratio 8: 2 has a higher value in the anodic 
reaction and cathodic reaction. The composition of carbon paste electrodes is influenced by the 
amount of liquid paraffin mixed, because too much paraffin oil will make the paste too liquid. The 
dominant paraffin weight in the CPE composition inhibits current flow on the electrode surface. 
This causes the peak current response in the oxidized region to decrease during measurement [16]. 
Based on the data analysis that has been carried out, the composition of carbon paste electrodes in 
this study obtained electrodes with a composition ratio of 8:2 to be the electrode with the best 
composition. This is because the 8:2 electrode has more carbon than electrodes with other 
compositions. This means that electrodes with more carbon allow more Pb ions to attach, enabling 
greater anodic and cathodic reactions, resulting in more sensitive readings of Pb ions. 

3.2. Electrode Repeatability 
Cyclic voltammetry testing with repetition aims to determine how the repeatability of carbon 

paste electrodes in the test. This also determines the performance of the carbon paste electrode so 
that the electrode can be used for the measurement of Pb(II) lead values. Measurement repeatability 
is a precision test that indicates the degree of agreement between individual test results, measured 
by the variation of individual results from the mean when a procedure is repeated[15]. Repeatability  
measured by measuring the current generated in repeated measurements. Where is the 
concentration of the analyte in kg. Measurement repeatability is calculated using Ratio HorRat. The 
Horwitz Ratio is obtained from the quotient of CV with CVHorwitz [17]. The acceptable Horwitz 
Ratio value for measurement repeatability is < 2 [9]. The standard deviation (SD), relative standard 
deviation (RSD), coefficient of variation (CV), the predicted CV according to Horwitz and Ratio 
HorRat of the multiple replicates are then calculated using the following equation[18]. 

 

𝑆𝐷 = +∑		
(𝑥 − 𝑥̅)²
(𝑛 − 1)

 
(1) 

 

𝑅𝑆𝐷 =
𝑆𝐷
𝑥̅

 (2) 

 

𝐶𝑉 = 𝑅𝑆𝐷	𝑥	100% (3) 
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𝐶𝑉9:;<=>? = 2AB(C,EF:GH) (4) 

 

𝐻𝑜𝑟𝑅𝑎𝑡 =
𝑐𝑣

𝐶𝑉9:;<=>?
 (5) 

 

The test was conducted using the cyclic voltammetry method with a carbon paste electrode 
serving as the working electrode, Optimum Measurement Conditionsand and the test solution was 
a lead solution with a concentration of 1 PPM.  The following figures present the voltammograms 
of the test results for carbon paste electrodes derived from coconut shell charcoal. The following 
is a voltammogram of the test results of carbon paste electrodes from coconut shell charcoal with 
variations in electrode composition, namely 6: 4 as shown in Figure 2. 

 
 (a)  (b) 

 
(c) 

Figure 2. Voltamogram of Cyclic Voltammetry Test Results of Coconut Shell 
Charcoal CPE with repetition in Pb(II) Lead Solution (a) composition 6:4 (b) 

composition 7:3 (c) composition 8:2 
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From the graph shown in Figure 2, it can be seen that the carbon paste electrode with a 6:4, 
7:3, 8:2 ratio variation has a similar peak point and shape. It can be concluded that the electrode 
has a peak current that tends to be stable. Based on the voltamogram of cyclic voltammetry test 
results on carbon paste electrodes from coconut shell charcoal composition 6: 4, 7:3, 8:2 with 
repetition, the peak current value of each repetition is obtained. The result data can be seen for 
composition 6: 4 in table 2, for composition 7:3 in table 3, for composition 8:2 in Table 4. 

Table 2. Cyclic Voltammetry Test Result Data of CPE Coconut Shell Charcoal Composition 6:4 
with Repetition on Lead Pb(II) Solution 

no 
Current (𝐴/𝐶𝑚&) Ipa 

(𝐴/𝐶𝑚&) 
Epa  
(V) 

Current ( 𝐴/𝐶𝑚&) Ipc 
(𝐴/𝐶𝑚&) 

Epa 
 (V) Current 

1 
Current 

2 
Current 

1 
Current 

2 
1 0.182 0.069 0.114 -0,283 -0.490 -0.283 -0.207 -0,486 
2 0.355 0.240 0.115 -0,282 -0.549 -0.315 -0.234 -0,487 
3 0.467 0.353 0.114 -0,273 -0.617 -0.385 -0.232 -0,487 
4 0.225 0.111 0.114 -0,267 -0.663 -0.444 -0.219 -0,439 

From the repetition data table for the variation of carbon paste electrodes from coconut shell 
charcoal, the average peak current value generated for CPE 6: 4. With this data can be processed 
and obtained the average for electrode repetition in anodic reactions with variations in electrode 
composition 6: 4 which is 0.114 𝐴/𝐶𝑚&. In the cathodic reaction, the average Ipc value is -0.223 
𝐴/𝐶𝑚&. From the data, the standard deviation and relative standard deviation can be determined. 
sd, rsd and cv of 0.001, 0.005 and 0.5% in the anodic reaction and in the cathodic reaction of 0.013, 
-0.057 and 5.7%. where the horwitz ratio value for electrode composition is 6:4 for anodic reaction 
of 0.031, cathodic reaction of 0.356. 

Table 3. Cyclic Voltammetry Test Result Data of CPE Coconut Shell Charcoal 
Composition 7:3 with Repetition on Lead Pb(II) Solution 

no 
Current (𝐴/𝐶𝑚&) Ipa 

(𝐴/𝐶𝑚&) 
Epa 
(V) 

Current ( 𝐴/𝐶𝑚&) Ipc 
(𝐴/𝐶𝑚&) 

Epa 
(V) Current 

1 
Current 

2 
Current 

1 
Current 

2 
1 1.172 1.044 0.128 -0,279 -2.589 -1.015 -1.574 -0,503 
2 1.421 1.298 0.123 -0,283 -3.405 -1.839 -1.566 -0,584 
3 2.178 2.052 0.125 -0,273 -4.015 -2.441 -1.574 -0,506 
4 1.021 0.896 0.125 -0,274 -5.172 -3.598 -1.574 -0,504 

 
From the repetition data table for the variation of carbon paste electrodes from coconut shell 

charcoal, the average peak current value produced for CPE 7: 3 for anodic reactions  is 0.125 
𝐴/𝐶𝑚&. In the cathodic reaction, the average Ipc value is -1.572 𝐴/𝐶𝑚&. The results of data 
processing for CPE with a composition of 7: 3 get sd, rsd and cv values of 0.002, 0.018 and 1.8% 
in the anodic reaction and in the cathodic reaction 0.004, -0.003 and 0.3%. The horwitz ratio value 
for the 7: 3 ratio electrode obtained a value of 0.113 for the anodic reaction and 0.019 for the 
cathodic reaction. And for 8: 2 ratio electrode in table 4. From the repetition data table for the 
variation of carbon paste electrode from coconut shell charcoal, the average peak value of current 
generated for CPE 8: 2 for anodic reaction is 2.337 𝐴/𝐶𝑚&. In the cathodic reaction, The average 
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Ipc value is obtained --1.275 𝐴/𝐶𝑚&. From table 5, it can be the results of data processing for CPE 
with a composition of 8: 2 get sd, rsd and cv values of 0.044, 0.019 and 1.9% on anodic reactions 
and on cathodic reactions 0.952, -0.746 and 74.6%. The calculation of the Horwitz CV value and 
horrat ratio can be found. The horwitz ratio value, In the electrode with a composition of 8: 2, it 
is 0.119 in the anodic reaction and 4.644 in the cathodic reaction. 

 
Table 4. Cyclic Voltammetry Test Result Data of CPE Coconut Shell Charcoal Composition 8:2 

with Repetition on Lead Pb(II) Solution 

no 
Current (𝐴/𝐶𝑚&) Ipa 

(𝐴/𝐶𝑚&) 
Epa  
(V) 

Current ( 𝐴/𝐶𝑚&) Ipc 
(𝐴/𝐶𝑚&) Epa (V) Current 

1 
Current 

2 
Current 

1 
Current 

2 
1 8.985 6.685 2.300 -0,292 -12.677 -12.616 -0.061 -0,570 
2 7.134 4.754 2.380 -0,293 -15.830 -14.856 -0.974 -0,561 
3 5.832 3.462 2.370 -0,29 -17.611 -15.624 -1.987 -0,580 
4 5.482 3.184 2.298 -0,289 -18.256 -16.178 -2.078 -0,574 

 
Based on the % RSD value in this study obtained small than 2%, the Horwitz Coefficient of 

Variation (CV Horwitz) equation is used according to [10], as a condition of acceptance. It can be 
concluded that the repeatability of the method in this study is still in a good category because the 
Horwitz Ratio value is less than 2. The acceptable Horwitz Ratio value for measurement 
repeatability is < 2 [8]. With this, the carbon paste electrode with coconut shell charcoal a 6:4, 7:3 
and 8:2 ratio variation can be declared to have good performance in testing with cyclic voltammetry 
on lead pb(II) solution. 

 
3.3. Electrode Linearity 

The results of the cyclic voltammetry test, conducted using an CPE Coconut Shell Charcoal 
composition of 6:4, 7:3 and 8:2 with a variation of lead solution concentration Pb(II), are presented 
in Figure 4. 
 

 
 (a) (b) 
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(c) 

Figure 3. Voltamogram of  Cyclic Voltammetry Test Results of  Coconut Shell 
Charcoal CPE with Variation of  Lead Solution Concentration of  Pb(II), (a) 6:4 

Composition (b) 7:3 Composition (c) 8:2 Composition  

Based on the data table 5 and graph in Figure 3, it can be seen that the current peak in the 
anodic 6:4 composition reaction in pb(II) solution with concentrations of 1, 2, 4, 8 ppm has a 
similar shape and peak, it can be concluded that measurements using carbon paste electrodes with 
a composition of 6:4 tend to be stable in anodic reactions. For the 7:3 electrode,shows that the 
current peak in the pb(II) solution with a concentration of 1, 2, 8 ppm has a peak current shape 
and a similar graph but for measurements at a solution concentration of 4 ppm the peak shape and 
graph are very different. The current peak on the graph also looks unclear. This is due to the carbon 
paste electrode from coconut shell has low conductivity. For the 8:2 electrode, It can be seen that 
the peak current in the pb(II) solution with a concentration of 1, 2, 4, 8 ppm in the anodic reaction 
has a peak current shape and a similar graph but has a different graph shape. For cathodic recitation 
of the peak current shape measurements can be said to be very different for each concentration of 
pb(II) solution. 

Table 5. Cyclic Voltammetry Test Result Data of CPE Coconut Shell Charcoal with 
Variation Consentration Lead Pb(II) Solution 

Electrode 
Composition Consentration 

(PPM) 

Current (𝐴/𝐶𝑚&) Ipa 
(𝐴/𝐶𝑚&) 

Epa  
(V) Current 

1 
Current 

2 
6:4 1 0,408 0,294 0,114 -0,267 

2 0,419 0,302 0,118 -0,274 
4 0,427 0,303 0,123 -0,254 
8 0,430 0,301 0,128 -0,258 

7:3 1 1,021 0,896 0,125 -0,274 
2 1,042 0,879 0,163 -0,255 
4 1,060 0,856 0,204 -0,202 
8 1,021 0,896 0,125 -0,274 

8:2 1 5,482 3,182 2,300 -0,289 
2 5,334 2,846 2,488 -0,289 
4 5,627 3,000 2,627 -0,274 
8 6,851 3,804 3,047 -0,289 
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Measurement at a solution concentration of 1 ppm cathodic peak shape produced is not clear 
for a concentration of 2 ppm is not found cathodic peak and at a concentration of 4 and 8 ppm 
has the same shape. Based on the voltammogram of the results of cyclic voltammetry testing on 
carbon paste electrodes from coconut shell charcoal composition 6: 4 with varying concentrations 
of lead solution pb (II) obtained peak current values for solutions with concentrations of 1, 2, 4, 8 
ppm. With this data, the graph for linearity is obtained in Figure 4. 

 

 
 (a) (b) 

 
(c) 

Figure 6. Linear graph of  (a)  6:4 carbon paste electrode, (b) 7:3 carbon paste electrode, (c) 
8:2 carbon paste electrode. 

Viewed from the graph in Figure 4, obtained values for the y equation and linear regression 
(R²) were obtained, for 6:4 electrode namely y= 0,0019x + 0,1136 dan R² = 0,9532. For 7:3  
electrode namely y= 0,0227x + 0,1104 dan R² = 0,9912. For 8:2 electrode namely y = 0.1018x + 
2.2335 and R² = 0.9868. The graph shows the relationship between peak current and concentration 
which states that the higher the concentration from 1 ppm to 8 ppm, the greater the peak current 
produced. This is because the higher the concentration, the more ions accumulate on the electrode 
surface so that the current generated is also higher. Based on the analysis obtained linearity 
relationship graph can be seen in Figure 4 shows the relationship between the peak current with 
concentration, it can be seen that the greater the concentration in the pb(II) solution, the peak 
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current value obtained is also higher. This is in accordance with research conducted[19]. Which 
states that the higher the concentration, the greater the peak current produced.  This is due to the 
fact that the higher the concentration, the higher the current produced because more ions 
accumulate on the electrode surface. With the value (R²) obtained from each electrode based on 
the opinion of Nurdin, Muhammad et al (2020) which states that the level of correlation value R 
with a range of 0.80-1.0 has a very strong linearity relationship. With this, the carbon paste electrode 
with coconut shell charcoal can be declared to have good performance in testing with cyclic 
voltammetry on pb(II) lead solution[20]. 

 
4. Conclusion 
 

Based on the research that has been carried out, The optimal composition of activated carbon 
and paraffin oil on carbon paste electrodes in this study is an electrode with a composition ratio of 
8:2, resulting in the highest current peak and exhibiting anode and cathode current peaks. The value 
of Ipa was 0.994 𝐴/𝐶𝑚&, while Ipc was 1.9512 𝐴/𝐶𝑚&, this is because the 8:2 electrode has more 
carbon than electrodes with other compositions. The dominant paraffin weight in the CPE 
composition inhibits current flow on the electrode surface. That indicating stable electrode 
repeatability and good linearity, which produced good graphs in cyclic voltammetry testing. Then, 
based on the analysis carbon paste electrode using carbon from coconut shell charcoal on the value 
of repeatability and linearity, the performance of the electrode meets the standardization and can 
be used in testing lead pb(II) solution by cyclic voltammetry method. 
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