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Batik industries, ranging from household-scale to large-scale, generate wastewater 
containing high levels of organic compounds, dyes, and other pollutants such as COD 
(Chemical Oxygen Demand) and TSS (Total Suspended Solids), which are difficult to 
degrade. Wastewater treatment is necessary to reduce pollutant content to meet 
environmental quality standards. Therefore, this study investigates the effectiveness of 
the Advanced Oxidation Process (AOP) using the electro-fenton method. The objective 
of this research is to analyse the effectiveness and optimise the electro-Fenton process for 
reducing COD and TSS in batik wastewater. The study aims to determine the optimal 
combination of current intensity, contact time, and molar ratio of H₂O₂:FeSO₄ that yields 
the highest removal efficiency. Based on the survey, the electro-Fenton treatment 
achieved a COD removal efficiency of 77,14% under conditions of 5 amperes current, 55 
minutes contact time, and ratio of 10:0,3. TSS removal efficiency reached 98.3% at a 
current of 3 amperes, a contact time of 55 minutes, and a ratio of 10:0.3. 

Contribution to Sustainable Development Goals (SDGs): 
SDG 6: Clean Water and Sanitation 
SDG 12: Responsible Consumption and Production 
SDG 14: Life Below Water  
SDG 15: Life on Land 
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1. INTRODUCTION 

1.1. Research Background  

The batik industry in Indonesia encompasses several scales, from 
large-scale industries to home industries (Home Industry). This 
condition causes pollution impacts that are not limited to 
industrial areas but also affect residential environments. Batik 
waste pollution, especially liquid waste, generally originates from 
residual dyes, washing, and rinsing processes of batik fabrics. 
Wastewater can cause pollution problems, particularly in aquatic 
environments, and can also result in toxic pollution. Batik liquid 
waste usually comes from the discharge of batik production 
processes. At the home industry scale, batik liquid waste is often 
treated simply by settling the liquid waste from the dyeing 

process for 3-5 days, after which the resulting sludge is 
separated and disposed of separately. However, the settled 
water, which still contains hazardous substances, is often 
discharged into drainage channels, thereby polluting groundwater 
or nearby rivers [7]. Furthermore, chemicals can be added to batik 
production, including starch, candle wax, caustic soda, and 
detergent. This includes synthetic dyes that contain 
hydrocarbons, aromatics, and naphthalene derived from coal [6]. 

Organic compounds in batik liquid waste, such as COD 
(Chemical Oxygen Demand), can also pose problems. COD 
refers to the amount of chemical oxygen required by 
microorganisms to chemically oxidize the organic compounds 
contained in the water. Water pollution caused by organic matter 
that can be oxidised by microorganisms is indicated by the COD 
value, which reduces the water's oxygen content [1]. According 
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to Saputri et al, COD is the volume of oxygen required for the 
optimal chemical oxidation of organic materials that are difficult 
to decompose [9]. Total Suspended Solid (TSS) is the total 
suspended solids present in the wastewater, containing both 
organic and inorganic materials. According to Bagus & Dharma, 
TSS includes particles and biotic components, such as 
phytoplankton, zooplankton, bacteria, and fungi, as well as 
abiotic components suspended in the water [4]. Suspended solids 
have a detrimental impact on water quality because they block 
sunlight from reaching the water, thereby increasing water 
turbidity and disrupting the growth of organisms. Solved solid 
particles in the water, such as soil, fibers, and other organic 
materials, are contained within TSS. Total suspended solids are 
solids that float in liquid waste. 

Therefore, treatment is necessary to reduce the COD, TSS, 
and other organic compounds in batik waste, ensuring compliance 
with established quality standards before disposal. Wastewater 
must be treated with a more effective technology that addresses 
the weaknesses of existing treatment approaches. One such 
technique is the Advanced Oxidation Process (AOP), which has 
significant importance in environmental remediation. AOP is a 
process that involves the in-situ generation of highly reactive 
radicals for the oxidative destruction of pollutants. AOP can be 
categorised into ozonation, UV ozonation, ultrasound, wet air 
oxidation, photocatalysis, persulfate oxidation, the Fenton 
process, and related processes. 

According to Nidheesh et al, the Electro-Fenton (EF) Process 
is an indirect electrochemical advanced oxidation process [8]. 
The electro-Fenton process combines the principles of 
electrolysis and the Fenton reaction to generate reactive hydroxyl 
radicals (OH)as an oxidant for hazardous contaminants. There are 
two applications of electro-Fenton: the electro-Fenton system in 
which Fenton reagents H2O2 and Fe2+ are added externally to the 
reactor, using an inert electrode with high catalytic properties; 
and the electro-Fenton system in which H2O2 is added externally, 
while Fe2+ is generated from the dissolution of an iron anode. 

One way to treat liquid waste containing organic compounds 
is to degrade them using the Fenton reaction. The Fenton reaction 
uses hydrogen peroxide (H2O2) as the oxidant and Fe2+ as the 
catalyst. This research aims to test the effectiveness of electro-
Fenton in treating batik liquid waste to reduce COD and TSS. 

1.2. Research Objective 

This study analyses the effects of current strength, contact time, 
and the H2O2:FeSO4 ratio on COD and TSS removal in the 
Electro-Fenton process. 

2. MATERIALS AND METHODS 

2.1. Equipment and Materials 

The equipment used in the electro-Fenton process includes an 
acrylic reactor measuring 0.4 m x 0.25 m x 0.25 m with a total 
volume of 25 liters, a Power Supply, a paddle stirrer, iron 
electrodes, a pH meter, and an analytical balance. The materials 
needed are batik wastewater, Ferrous Sulfate (FeSO4 · 7H2O), 
Sulfuric Acid (H2SO4), and Hydrogen Peroxide (H2O2). 

2.2. Electro-Fenton Process 

Batik liquid waste was collected from Kampung Batik Jetis, 
Sidoarjo. This study used a batch method in a 25-litre reactor. The 

research began by putting the batik waste into the reactor and 
conducting analysis using variation current intensity 1 ampere, 2 
ampere, 3 ampere, 4 ampere, 5 ampere, contact time, 15 minutes, 
25 minutes, 35 minutes, 45 minutes, and 55 minutes, Ratio of 
H2O2: FeSO4 are 10:0,05 and 10:0,03. The batik wastewater was 
adjusted to pH 3, then stirred with a paddle at 240 rpm for 15 
minutes. 

 

Fig. 1. Reactor of Elektro-Fenton 

3. RESULT AND DISCUSSION 

3.1. Characteristics of Batik Wastewater 

The waste used in this study was batik liquid waste from 
Kampung Batik Jetis, Sidoarjo, originating from the dyeing 
process. The initial characteristics of the batik waste obtained 
from Kampung Batik Jetis, Sidoarjo, are as follows: 
 

Table 1.  Initial Characteristic of Batik Wastewater 
No Parameters Result 
1 COD 2856 mg/L 
2 TSS 1160L 

 

3.2. Reaction Mechanism Electro-Fenton 

The electro-Fenton reaction is based on the oxidation of the iron 
(Fe) anode, shown in Equation 1. The anode will release Fe2+ ions 
into the solution, shown in Equation 2 [5]: 

Fe3+ + e− → Fe2+ 
2H2O + 2e− → H2 + 2OH− 

During the electro-Fenton process, oxygen molecules and the 
iron anode are electrochemically reduced at the cathode, 
producing hydrogen peroxide and iron ions. The hydrogen 
peroxide is useful for the Fenton reaction, which is as follows: 

O2 + 2H+ + 2e−→ H2O 
Fe2+ + H2O2 → Fe3+ + OH- + ·OH 

 
The (·OH) radical is obtained from electrochemical reduction 

in the presence of iron ions as a catalyst [2]: 
Fe2+ + H2O2 → Fe3++ OH− + OH  

Fe3+
 + e−  → Fe3+ 

H2O2 → O2 + 2H+  
 

Based on these reactions, the Fenton process relies on the 
electron transfer between H2O2 and Fe2+ as a homogeneous 
catalyst. The oxidation process involves mixing H2O2 and 
FeSO4 to produce hydroxyl radicals (· OH). Hydroxyl radicals 
(·OH) are highly reactive compounds that can disrupt the survival 
of organic substances. 

Furthermore, pH plays an essential role in the Fenton process. 
Under neutral pH conditions, the reaction process can result in 
low COD reduction. This is because compounds form that hinder 
the reaction between Fe3+ and H2O2, as well as the regeneration 
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of Fe2+. The function of pH is to control the production and 
concentration of hydroxyl radicals in the solution. Based on 
previous research, the optimum pH for the Fenton reaction is low. 
If the pH increases, the Fe3+ ion precipitates, slowing the 
regeneration of Fe3+, thereby reducing the amount of catalyst in 
the Fenton reaction. 

Analysis results show that hydrogen peroxide can serve as a 
radical and reduce organic matter by oxidising organic molecules. 
The use of electro-Fenton for reducing pollutant content is 
influenced by wastewater decolourization. Usually, 
decolourization in the electro-Fenton process is most effective 
after 30 minutes of operation. However, decolourization 
efficiency can also be affected by the concentrations of hydroxyl 
ions and metals produced by the electrodes; the longer the 
electrolysis time, the greater the ion formation. In addition, the 
degree of decolourization depends on the intensity and 
concentration of the added reagent. 

3.3. COD Analysis Results In Electro-Fenton 

Chemical Oxygen Demand (COD) is the amount of oxygen 
needed to degrade organic compounds in water. COD 
measurement is required to assess the oxygen demand of organic 
matter that is difficult to oxidise. Batik liquid waste is generated 
during rinsing and dyeing processes, resulting in wastewater with 
high COD and other dye substances. The following graph shows 
the percentage of COD removal in batik waste from Kampung 
Batik Jetis, Sidoarjo Regency, via the electro-Fenton process with 
variations in current intensity, contact time, and the H2O2:FeSO4 
ratio. 

 

Fig. 2. The Effects of Current Strength 1 Ampere, Contact 
Time, and H₂O₂:FeSO₄ Ratio on COD Removal 

 
The graph above shows a stability in the percentage of 

removal. A sharp increase occurred at the 15- and 25-minute 
marks because H2O2 had enough time to react with Fe2+, thereby 
maximising the production of hydroxyl radicals to oxidise the 
organic compounds that make up COD. From the 35th to the 55th 
minute, the increase in removal percentage was greater, further 
optimising the production of hydroxyl radicals and improving 
COD oxidation. This is evidenced by the significant increase in 
percentage removal at the 10:0.3 ratio, indicating that H2O2 and 
FeSO4 reacted in stoichiometric proportions to produce hydroxyl 
radicals. 

 

 
Fig. 3. The Effects of Current Strength 2 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on COD Removal 
 

In the graph above, there is a steady increase in the removal 
percentage. The removal percentage increased by the minute. At 
the 10:0.05 ratio, it took up to 55 minutes to achieve optimal 
removal, reducing the Fe2+ needed to keep the Fenton cycle 
running, so the COD oxidation process was slow but stable [3]. 
At the 10:0.3 ratio, there was also a stable increase up to 55 
minutes. Electrochemical catalyst regeneration balanced and 
maintained a sufficient supply of Fe2+ to continue reacting with 
H2O2, forming hydroxyl radicals to degrade the more resistant 
remaining COD. Thus, at 2 amperes, the 10:0.3 ratio was 
significantly more effective at removing COD than 10:0.05 
because the higher FeSO4 dosage enabled a faster reaction rate, 
maximising the available H2O2 and producing optimal hydroxyl 
radicals. 
 

 
Fig. 4. The Effects of Current Strength 3 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on COD Removal 
 

The graph above shows a stable increase every minute. The 
longer contact time allowed Fe2+ to react sufficiently with H2O2, 

forming hydroxyl radicals. The removal percentage at 35 minutes 
was the same for both H2O2:FeSO4 ratios, 53.43%. This 
occurred because the formed radicals oxidized the more easily 
degradable organic matter, and additional time was needed to 
degrade the more resistant COD. The 3 Ampere current balanced 
the high catalyst dosage. A high initial catalyst concentration 
increased the oxidation rate of hydroxyl radicals. Furthermore, at 
the 10:0.3 ratio for 35 minutes, the reaction slowed, resulting in 
the same removal percentage as with the 10:0.05 ratio. The 
increase in COD removal percentage could be more optimal over 
a longer time, indicating that reaction time is essential in the 
electro-Fenton process to degrade the organic COD compounds 
in batik waste. The longer the contact time, the more hydroxyl 
radicals are produced. 
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Fig. 5. The Effects of Current Strength 4 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on COD Removal 
 

In the 4 Ampere graph, COD removal increased rapidly at the 
beginning and then slowed at longer contact times. At the 10:0.05 
ratio, the reaction tended to slow down from 25 to 45 minutes. 
This happened because the easily degradable COD had been 
oxidised, slowing the reaction rate, and the hydroxyl radicals, 
which should oxidise organic compounds, became less effective. 
At the 55th minute, the removal increased again because the 
longer contact time allowed the hydroxyl radicals to react longer, 
removing the remaining compounds and achieving the highest 
efficiency. At the 10:0.3 ratio, the removal percentage decreased 
at the 45th minute. This occurred because the high current 
condition could lead to excessive radical production, limiting the 
ability to optimise oxidation of organic compounds. At the 55th 
minute, the removal percentage increased again, confirming that 
the Fe2+ ratio provided the highest hydroxyl radical availability at 
the longest time, especially when supported by the optimal 
current intensity [10]. 

 
Fig. 6. The Effects of Current Strength 5 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on COD Removal 
 

The graph above shows a stable increase in the removal 
percentage for both ratio variations. 5 amperes is the highest 
current, providing the fastest rate of H2O2 production and 
electrochemical Fe2+ regeneration. At the 10:0.05 ratio, there 
was a significant increase at 35, 45, and 55 minutes. This occurred 
because Fe2+ regenerated very quickly under the high current, so 
a longer contact time tended to oxidise COD faster. Similarly, the 
10:0.3 ratio was the most optimal for COD removal. The high 
FeSO4 dosage ensured a swift Fenton reaction for oxidation. The 
highest removal was observed at 55 minutes, indicating that 
longer contact time led to a greater number of hydroxyl radicals, 
which effectively oxidised COD to 77.14%. The combination of 
high current with a large catalyst dosage is the most effective 
condition for degrading complex organic compounds. 

3.4. TSS Analysis Results in Electro-Fenton  

Total Suspended Solids (TSS) is the amount of suspended or 
floating solids in the water. Total suspended solids (TSS) are the 
material that forms sediment, which can inhibit the production of 
organic matter in a water body and where heterogeneous chemical 
reactions occur [11]. The following research graph is the graph of 
the percentage of TSS removal in Kampung Batik Jetis, Sidoarjo 
batik waste through the Electro-Fenton process under the 
influence of contact time, current intensity, and the H2O2:FeSO4 
ratio: 

 
Fig. 7. The Effects of Current Strength 1 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on TSS Removal 
 

The graph above shows that the increase in removal 
percentage rose steadily. At the 10:0.05 ratio, the process was 
slow but stable. At 1 ampere, the anode dissolution rate was 
relatively low, so a longer contact time was needed to ensure the 
generated Fe3+ ions were sufficient to precipitate the trapped TSS 
into flocs. At the 10:0.3 ratio, the removal was higher at the 15-
minute mark. The high FeSO4 dosage ensured greater availability 
of Fe2+, resulting in faster and more efficient coagulant 
production at a short contact time. It can be concluded that the 1 
ampere current, combined with the high H2O2:FeSO4 ratio, 
resulted in a greater total dose of Fe3+ than the 10:0.05 ratio, 
thereby making TSS removal more optimal. 

 
Fig. 8. The Effects of Current Strength 2 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on TSS Removal 
 

The graph of TSS removal results at 2 amperes showed a 
stable increase. The increase in the removal percentage at a 
current of 2 amperes was quite optimal for producing an adequate 
amount of Fe3+ at the anode, so the floc formation to bind TSS 
was optimal. However, the percentage increase in each ratio 
slowed down. This happened because most of the TSS had been 
removed in the initial phase of the process, so the longer contact 
time was precipitating smaller TSS particles and residual flocs. 
The maximum ratio was observed at 10:0.3, because FeSO4 
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produced more Fe3+, allowing it to bind suspended particles and 
form a dense floc structure. 
 

 
Fig. 9. The Effects of Current Strength 3 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on TSS Removal 
 

The graph for the 3 amperes current produced the most 
optimal removal percentage, reaching 98%. At 3 amperes, the 
coagulant ions were generated quickly and optimally, allowing 
suspended particles to settle and bind TSS within the initial 
minutes. At the 25th minute, both H2O2:FeSO4 variations showed 
very similar removal percentages. This occurred because the Fe3+ 
ions generated from anode dissolution almost equalled the total 
coagulant in the 10:0.3 ratio, as the binding in that ratio slowed 
down, which might be due to the amount of TSS in the waste 
already being settled. The highest removal percentage was at 55 
minutes with the 10:0.3 ratio, reaching up to 98.3%. 
 

 
Fig. 10. The Effects of Current Strength 4 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on TSS Removal 
 

In the 4 amperes current graph, the removal percentage 
decreased compared to the smaller current. This happened due to 
corrosion of the electrode, which could increase the number of 
particles and, thus, the TSS. This is evident at longer contact 
times, namely 45 and 55 minutes, where the resulting removal 
percentage was even lower. Furthermore, the H2O2:FeSO4 ratio 
was insufficient to remove TSS. This is because if the dosage 
added is not balanced with the generated current, Fe3+ will form 
FeSO4, which then breaks apart due to excess, so the TSS 
removal efficiency is not optimal. 
 

 
Fig. 11. The Effects of Current Strength 5 Ampere, Contact 

Time, and H₂O₂:FeSO₄ Ratio on TSS Removal 
 

The graph for the 5 amperes current also showed the largest 
decrease in contact time. Similar to the 4 amperes current, a 
current that is too high can cause corrosion of the iron electrode, 
leading to the formation of Fe3+. Fe3+ functions to bind TSS, but 
it will break apart because the anode generates a large number of 
gas bubbles, causing excessive stirring in the reactor. 

4. CONCLUSION 

The results of batik liquid waste treatment using the electro-
Fenton process for the COD parameter showed that the optimal 
removal was obtained at a current of 5 amperes, a contact time of 
55 minutes, and a ratio of 10:0.3, achieving a final COD of 653 
mg/L, which reduced the initial COD level by 77.14%. For TSS, 
the optimal removal result for the TSS parameter was a 3 amperes 
current with a 55 minutes contact time and a ratio of 10:0.3, which 
could remove up to 20 mg/L, reducing the initial TSS level by 
98.3%. Therefore, electro-Fenton is considered effective for 
reducing COD and TSS.  
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