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Abstract. Methylene Blue (MB) is a dye commonly used in the textile industry. Dyes 

waste from the textile industry harms the ecosystem of the environment. One method of 

textile dye waste degradation is mediated electrochemical oxidation. This method uses an 

oxidation-reduction process using metal ion as a mediator. The mediator metal ions act as 

an oxidizer which oxidizes textile dyes waste into simpler compounds. The mediator ion 

used in this study was Ce (IV) in acidic. The results of degradation were analyzed using 

voltammetry method. This study used carbon paste electrode as working electrode, 

platinum wire as auxiliary electrode, and Ag/AgCl as reference electrode. The results of 

the cyclic voltammogram showed that the oxidation potential of MB is 0.2880 V while 

Ce(III)/Ce(IV) in H2SO4 has oxidation and reduction potentials 1.2400 V and 0.4520 V. 

This potential indicates that MB oxidation potential was not disturbed by mediator ion 

potential. The optimum condition of degradation was obtained at 250 ppm MB with 0.015 

M Ce(III) and 0.2 M H2SO4 for 30 minutes using the potential of 6 V.  
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1   Introduction 

The dye compounds are widely used in food, cosmetics, medicine, paper, and textile 

industries. The industry that uses the most dyes is textiles. Methylene Blue (MB) is a basic dye 

that is commonly used in the textile industry. The textile industry is currently developing rapidly 

in Indonesia. The dye waste used during the production process is discharged into the 

environment. The waste from the textile industry harms environmental ecosystems, especially 

aquatic ecosystems, such as increased water toxicity. Many synthetic dyes are toxic and 

carcinogenic [1]. 

The waste water from textile industry needs to be treated before being discharged into the 

environment. One method of textile dye waste degradation is electrochemical [2]. In addition 

electrochemical methods can be used as a low-cost analysis for both organic compounds and 

metal ions [3, 4]. This method can also be used to determine the reactivity of various types of 

drugs [5-10]. 
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Electrochemical has high efficiency and can be carried out at relatively low temperatures, 

such as room temperature. The resulting degradation products are not dangerous. The 

electrodegradation method that has been studied and developed quite well is mediated 

electrochemical oxidation (MEO) [11, 12]. MEO is an oxidation-reduction process by using 

metal mediators ion. Mediation with metal ion aims to speed up the reaction and make the 

reaction occur in more comfortable place [13]. 

In the MEO, the mediator ion acts as an oxidizer which oxidizes textile dye waste to CO2 

and H2O. The mediator ion is used Ce (IV) in the acidic. The advantage of the MEO are the 

process are fast, efficient, does not generate new waste, and mediator ion can be repeated use of 

oxidizers during the degradation process. It was conducted at atmospheric pressure, room 

temperature, and acidic atmosphere [14]. In this paper, MEO of MB using platinum wire as 

anode and cathode at different operating conditions are studied and discussed. 

2   Experimental Section 

2.1   Materials and Instrumentation 

The materials in this study were MB, Ce2(SO4)3.8H2O, H2SO4, HNO3, HCl, K3Fe(CN)6, 

K4Fe(CN)6, and NaCl. All solution was prepared by dissolving in distilled water. Pt wire was 

used for anode and cathode electrodes for degradation. The electrochemical studies by cyclic 

voltammetry (CV) and differential pulse voltammetry (DPV) using eDAQ potentiostat with 

three electrodes system. There are carbon paste electrode as the working electrode, Ag/AgCl 

(saturated NaCl) as reference electrode, and Pt wire as auxiliary electrode. All potentials are 

given concerning the Ag/AgCl reference electrode. 

 

2.3   Methods  

Experiments were carried out in an electrochemical cell containing 10 ml of dyes for each 

experiment and using Pt wire for anode and cathode. Dye solution of 250 ppm was chosen as a 

working solution and a known amount of supporting electrolyte was added. The experiments 

were conducted under atmospheric pressure and at room temperature. Degradation was analyzed 

by calculating the percent of degradation (% degradation) using the voltammetry method. 

Percent of degradation is calculated with the formula 

 

% degradation= 
Iinitial  - Ifinal

Iinitial
 ×100%            (1) 

 

when we obtained from the measurement using voltammetry. 

 

 

 



 

 

 

 

3   Results and Discussion 

3.1   Characterization of Ag/AgCl Reference Electrode 

Ag/AgCl electrode was characterized using mixture of 0.01 M K3Fe(CN)6, K4Fe(CN)6, and 

0.1 M NaCl solution. Characterization is performed using CV with a range of potential given is 

– 400 mV to 800 mV with a scan rate of 100 mV.s-1. Ag/AgCl voltammogram electrodes were 

compared with BAS. Voltammograms comparison of BAS and Ag/AgCl can be seen in Figure 

1. 

The oxidation peak that appears on the voltammogram comes from the oxidation reaction 

of K4Fe(CN)6 to K3Fe(CN)6. Meanwhile, the reduction peak that appears on the voltammogram 

comes from the reduction reaction of K3Fe(CN)6 to K4Fe(CN)6. The results of data 

measurements of the current peak and potential contained in Table 1. Voltammogram BAS and 

Ag/AgCl electrode appear to coincide. The formal potential of BAS and Ag/AgCl electrodes 

were 0.1975 V and 0.1990 V. Meanwhile, the ratio of anodic peak current to cathodic peak 

current (Ipa/Ipc) for BAS and Ag/AgCl electrodes were 1.07 and 1.09. This showed that the 

reaction is reversible because the ratio of anodic peak current to the cathodic peak current 

(Ipa/Ipc) is close to one [15]. 

 

 

Fig. 1. Cyclic voltammogram of reference electrodes in 0.01 M K3Fe(CN)6, K4Fe(CN)6 and 0.1 M 

NaCl solution. 

Table 1.  Electrochemical data from cyclic voltammetry of comparative reference electrodes     

in 0.01 M K3Fe(CN)6, K4Fe(CN)6 and 0.1 M NaCl solution. 

Reference Electrode ∆Ipa (mA) Epa (V) ∆Ipc (mA) Epc (V) 

BAS 0.0191 0.3310 – 0.0179 0.0640 

Ag/AgCl 0.0187 0.3310 – 0.0172 0.0670 

 

3.2   Characterization of Carbon Paste Electrode 

Characterization carbon paste electrodes (CPE) were performed using CV with a range of 

potential given is – 400 mV to 800 mV with a scan rate of 100 mV.s-1. The sample solution was 

a mixture of 0.01 M K3Fe(CN)6, K4Fe(CN)6 and 0.1 M NaCl. Electrodes were obtained and 



 

 

 

 

compared with one another. A comparison of CPE voltammograms can be seen in Figure 2. The 

results of data measurement peak current and potential contained in Table 2. Carbon paste 

electrodes were selected that have the same peak current and oxidation potential. 

 

Fig. 2. Cyclic voltammogram of working electrodes comparative in 0.01 M K3Fe(CN)6, K4Fe(CN)6, 

and 0.1 M NaCl solution. 

Table 2.  Electrochemical data from cyclic voltammetry of working electrodes comparative in 

0.01 M K3Fe(CN)6, K4Fe(CN)6 and 0.1 M NaCl solution. 

Carbon Paste Electrode Ipa (μA) Epa (V) 

CPE 1 99.100 0.3800 

CPE 2 92.457 0.3860 

CPE 3 94.909 0.4050 

CPE 4 96.933 0.3360 

CPE 5 98.200 0.3450 

CPE 6 93.632 0.4050 

CPE 7 98.240 0.3700 

CPE 8 95.248 0.3710 

CPE 9 90.342 0.4000 

CPE 10 97.928 0.3960 

 

3.3   Determination Potential of MB, Ce(III)/Ce (IV) and H2SO4 

Determination potential of MB, Ce(III)/Ce(IV) and H2SO4 redox reaction system using 

cyclic voltammetry. The reference electrode and working electrode used Ag/AgCl and CPE that 

have been characterized. The voltammogram of these solutions can be found in Figures 3, 4, 

and 5. Each solution were scanning using CV with a potential range from – 200 mV to 1800 

mV and scan rate of 100 mV.s-1. In Figure 3, MB oxidation potential was obtained at 0.2880 V 

with anodic peak current is 1.50 μA. 

Oxidation and reduction potential Ce(III)/Ce(IV) were 1.2520 V and 0.4520 V.  The 

oxidation potential generated was similar to the research conducted by Fang et.al [16]. The 

oxidation peak current was 40.659 μA while the reduction peak current was – 28.541 μA. In 

Figure 5, H2SO4 oxidation potential values are 0.5500 V and 1.3680 V. While the reduction 

potential values are 0.2940 V and 1.0100 V.  



 

 

 

 

The oxidation potential of MB is not disturbed by the potential of other solutions. MB 

oxidation peak will be used as a calculation of percent degradation by measuring the oxidation 

peak current before and after degradation. 

 

Fig. 3. Cyclic Voltammogram of 250 ppm MB. 

 

Fig. 4. Cyclic Voltammogram of 0.02 M Ce(III)/Ce(IV) system. 

 

 

Fig. 5. Cyclic voltammogram of 0.3 M H2SO4. 

3.4   Determination of Supporting Electrolyte 

In the experiment, the effect of different supporting electrolyte for Ce(III)/Ce(IV) was 

studied using CV with scanning potentials ranging from – 200 mV to 1800 mV with scan rate 

100 m.s-1. The effect of supporting electrolytes are depicted in Figure 6. For oxidation Ce(III) 



 

 

 

 

maximum peak current was obtained at H2SO4 with 0.30 mA, while using HNO3 is 0.06 mA 

and HCl doesn’t produce peaks [17].  

 

 

Fig. 6. Cyclic voltammogram of Ce(III) in various supporting electrolytes. 

Based on the results of supporting electrolytes, it is known that H2SO4 is the supporting 

electrolyte which provides the best oxidation peak. Optimization of electrolyte concentrations 

H2SO4 for Ce (III) is carried out. The analytical method used CV with scanning potentials 

ranging from – 200 mV to 1800 mV with scan rate 100 m.s-1. Ce (III) oxidation peak current at 

various H2SO4 concentrations can be seen in Table 3. 

From the results, 0.2 M H2SO4 has an oxidation peak of 0.18 mA. The difference in the 

peak oxidation current between a concentration of 0.20 and 0.30 M is not too significant so that 

the 0.2 M H2SO4 concentration was chosen as the optimum supporting electrolyte condition. 

High concentrations of sulfuric acid produce large capacitive currents. Capacitive currents will 

disrupt the process of reading the peak current from the oxidation of Ce (III). 

Table 3.  Electrochemical data from cyclic voltammetry of various H2SO4 concentration. 

[H2SO4] (M) Ipa (mA) Epa (V) 

0.10 0.15 1.2480 

0.15 0.17 1.2400 

0.20 0.18 1.2400 

0.25 0.18 1.2440 

0.30 0.18 1.2500 

3.5    Effect of Ce (III) Concentration   

The sample weas 250 ppm MB in 0.3 M H2SO4 solution with the addition of Ce(III) at 

various concentrations used starting from 0.01 M – 0.03 M with an interval of 0.005 M. The 

degradation process was carried out within 10 minutes at a constant voltage of 6 V. Samples 

were analyzed before and after degradation using CV. The effect of Ce (III) concentration is 

shown in Figure 7. In the range Ce (III) concentration increased the percentage of degradation. 

The increase in Ce (IV) production with an increase amount of MB degradation. It can be 

concluded that the concentration of Ce (III) is used a concentration of  0.015 M. The relatively 

small concentration of Ce (III) is used so as not to produce metal ion by-products with large 

concentrations. 



 

 

 

 

 

Fig. 7. Effect of Ce (III) concentration on the degradation of methylene blue. 

3.6   Effect of Oxidation Potential 

The potential is varied using a power supply between 1.5 V to 9 V. Samples were used in 

two types, first a mixture of  250 ppm MB, 0.3 M H2SO4 and 0.02 M Ce (III) solution. Second 

a mixture of  250 ppm MB and 0.3 M H2SO4. The degradation process was carried out within 

10 minutes. Samples were analyzed before and after degradation using CV. The result is shown 

in Figures 8. The percentage of degradation increases with increasing potential. The potential 9 

V gives the highest percent degradation when compared to the others. Besides, the results of 

this optimization that degradation process using Ce (III) can be faster than without Ce (III). The 

percent of degradation of the first mixture is greater than the second without Ce(III) [14]. 

 

Fig. 8. Effect of potential use on the degradation of methylene blue. 

3.7   Effect of Time Degradation 

The degradation period used at these experiments was 10 – 60 minutes. The samples were 

250 ppm MB, 0.3 M H2SO4 and 0.02 M Ce (III). Meanwhile, the potential difference used was 

6 V. The result is shown in Figures 9. Percent degradation is directly proportional to the time. 

Maximum degradation in the range is obtained during degradation for 30 – 60 minutes, 



 

 

 

 

increasing the value of percent degradation is almost constant. Therefore, the optimal time from 

MB degradation is 30 minutes with a percent of degradation value of 100%. 

 

Fig. 9. Effect of time used on the degradation of methylene blue. 

The optimum condition of electrodegradation was obtained at 250 ppm MB, 0.015 Ce (III) 

and 0.2 M H2SO4 for 30 minutes using the potential of 6 V. Samples were analyzed before and 

after degradation using DPV with scanning potentials ranging from – 200 mV to 1600 mV with 

scan rate 100 mV.s-1. From these results obtained that percent degradation MB was 75.44 %. 

The system of Ce(III)/Ce(IV) acts as mediator ion, first Ce(III) oxidation forms Ce(IV). Ce(IV) 

oxidize MB to CO2 and H2O. The reaction equation is as follows [18-20]. 

 

Ce3+ (aq) ⇌ Ce4+ (aq) + e—    (2) 

Ce4+ (aq) + MB (aq) → Ce3+ (aq) + CO2 + H2O  (3) 

 

4   Conclusions 

The mediated electrochemical oxidation process was successfully developed with Ce (IV) 

as the ion mediator and applied for the degradation of MB. The effects of various parameters 

such as supporting electrolytes, Ce (III) concentration, oxidation potential and time of 

degradation were studied. The optimum condition for maximum degradation of 250 ppm MB 

was observed to be the following : 0.015 M Ce (III) in 0.2 M H2SO4 for 30 minutes using the 

potential 6 V with percent degradation of 75.44%. 
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