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Abstract 

The presence of dye-containing wastewater in the environment poses significant risks to 

both ecosystems and human health. This study aimed to investigate the utilization of carbon 

electrodes derived from battery waste for the electrochemical degradation of Remazol 

Black B (RBB), determine the effect voltage, electrolysis time, and evaluate the degradation 

performance. Electrochemical degradation experiments were conducted using recycled 

carbon electrodes obtained from battery waste, while the effects of voltage and electrolysis 

time on decolorization efficiency were monitored using a UV–Vis spectrophotometer. The 

results showed that the optimum degradation conditions were achieved at voltage of 15 V 

and an electrolysis time of 20 min, resulting in 100% decolorization efficiency. At lower 

voltages, decolorization efficiencies of 70% and 100% were obtained at 5 V for 60 min and 

10 V for 30 min, respectively. These findings demonstrate that carbon electrodes from 

battery waste can serve as an effective and sustainable alternative electrode material for 

dye wastewater treatment, offering comparable performance while promoting the 

valorization of waste materials. 
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Abstrak 

Keberadaan air limbah yang mengandung zat warna di lingkungan menimbulkan risiko 

signifikan bagi ekosistem dan kesehatan manusia. Studi ini bertujuan untuk mempelajari 

pemanfaatan elektroda karbon yang berasal dari limbah baterai untuk degradasi 

elektrokimia Remazol Black B (RBB), menentukan pengaruh tegangan, waktu elektrolisis, 

dan mengevaluasi kinerja degradasi. Degradasi secara elektrokimia telah dilakukan 

menggunakan elektroda karbon yang diperoleh dari limbah baterai, sementara pengaruh 
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tegangan dan waktu elektrolisis terhadap efisiensi dekolorisasi diamati menggunakan 

spektrofotometer UV-Vis. Hasil menunjukkan bahwa kondisi degradasi optimal dicapai 

pada tegangan 15 V dan waktu elektrolisis 20 menit, menghasilkan efisiensi dekolorisasi 

100%. Pada tegangan yang lebih rendah, efisiensi dekolorisasi sebesar 70% dan 100% 

diperoleh masing-masing pada 5 V selama 60 menit dan 10 V selama 30 menit. Temuan 

ini menunjukkan bahwa elektroda karbon dari limbah baterai dapat berfungsi sebagai 

bahan elektroda alternatif yang efektif dan berkelanjutan untuk pengolahan air limbah zat 

warna, menawarkan kinerja yang sebanding sekaligus mendorong pemanfaatan bahan 

limbah. 

Kata Kunci: Remazol black B, Elektroda karbon, Elektro-oksidasi. 

 

I. INTRODUCTION 

Currently, more than 100,000 types of 

dyes are produced worldwide, and textile 

industry waste is a major contributor to water 

pollution [1]. As an export commodity, this 

industry has caused serious environmental 

problems related to the use of dyes from the 

dyeing and finishing processes, which are 

disposed of along with wastewater. One of the 

dyes often used in the production of ‘Batik 

Benang Bintik’ is Remazol Black B (RBB). 

RBB is a dye commonly used in the batik 

industry and belongs to the azo reactive dyes, 

which have azo (-N=N-) and sulfonate (-SO3-

) groups in their molecular structure, acting as 

the main chromophores that produce intense 

black colors [2]. However, the reduction of 

azo (-N=N-) bond will produce compounds 

(amine) that are more toxic than the original 

compounds [3]. Therefore, RBB waste 

treatment is crucial before discharging it into 

the environment.  

Various methods of reducing dye waste 

have been developed, including the adsorption 

method [4]. This method has been ineffective 

because the adsorbed dyes still accumulate in 

the adsorbent, which will eventually cause 

new problems. Other methods, such as 

photodegradation using photocatalysts and 

ultraviolet radiation, can break down dyes into 

simpler components that are safer for the 

environment [5], but this process requires high 

energy and is relatively expensive. 

Wastewater treatment involving the use of 

microorganisms, particularly bacteria, to 

decompose organic substances and dyes in 

batik wastewater [6]. This process requires a 

long time and high cost to isolate suitable 

bacteria. Several wastewater treatment 

methods have various disadvantages and still 

need to be developed for dye waste treatment 

effectively and efficiently. 

The electrochemical method is an 

environmentally friendly, practical, 

inexpensive, efficient, and does not cause 
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sludge production in the degradation of dye 

waste. In the electrochemical method, 

hydroxyl radicals (•OH) are generated on the 

anode surface through the direct oxidation of 

water, and the dye waste reacts with the 

hydroxyl radicals (•OH) and degrades the 

organic material into CO2 and H2O [7]. 

Previous studies have reported decolorization 

of RBB dye using a modified Fenton process 

with PbO2 electrodes and 10% H2O2 [8], 

graphite/NiO/Ni electrode [9], SiO2/NiO/Ni 

electrode [10], Novel Sb-doped SnO2 ceramic 

electrodes [11], and PbO2 with Na2SO4 as 

electrolyte [12]. However, the use of H2O2 as 

an electrolyte can cause toxic effects, and the 

fabrication of the electrode shows a complex 

and expensive synthesis process. 

In this work, we have utilized carbon 

electrodes obtained from battery waste as 

electrodes in the electro-oxidation process of 

RBB dye waste, which is low-cost, easy, and 

practical. We have also investigated the effect 

of voltage and time on the electro-oxidation of 

RBB and analyzed the decolorization 

efficiency. 

 

II. MATERIALS AND METHODS 

2.1. Materials 

The materials used for the investigation 

include carbon electrodes from battery waste, 

salt solutions (NaCl > 94%), Remazol Black 

B (purchased from the local market, CV. 

Bumbu Batik Utama, Solo), a DC Power 

Supply (Zhaoxin KXN3010D), and distilled 

water. Spectrophotometer UV-Vis (Safas 

Monaco SP2000) was used to determine the 

absorbance of the solutions. 

 

2.2. Experimental Methodology 

Carbon electrodes were manually 

removed from battery waste, then cleaned 

using detergent and rinsed with distilled 

water. The electrodes (anode and cathode) 

were placed in a beaker with distance of 2 cm. 

Both electrodes were 50 mm in length and 4 

mm in diameter. Then, 100 mL of RBB 

solution at a concentration of 50 mg/L was 

mixed with 10 mL of 1% (w/v) salt solution, 

the schematic cell is shown in Figure 1. 

Electro-oxidation was carried out using a DC 

power supply with varying voltages of 5, 10, 

and 15 V for 60 minutes and each time 

variation the absorbance value has been 

measured and analyzed. The maximum 

wavelength of RBB was examined by 

measuring the absorbance at 200-800 nm by 

using UV-Vis spectrophotometer. The 

decolorization efficiency (DE) was calculated 

by following the Equation (1) [9]: 

DE (%) = 
𝐴0−𝐴𝑡

𝐴0
 𝑥100%           (1)                

where A0 is the initial absorbance value from 

RBB before electro-oxidation, and At is the 

absorbance value after electro-oxidation.       
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Figure 1. The electro-oxidation schematic 

cell. 

 

III. RESULTS AND DISCUSSION 

3.1. Electro-oxidation process of RBB 

The electrochemical process of RBB 

dye using carbon electrodes in NaCl 

electrolyte occurs direct and indirect ways. 

Directly, this process was achieved through 

the formation of hydroxyl radicals resulting 

from the oxidation of water, as shown in 

Equations (2) and (3) below [10]: 

 

𝑀 + 𝐻2𝑂 → 𝑀(·𝑂𝐻)𝑛 + 𝑛𝐻+ + 𝑛𝑒−  (2) 

𝑅 + 𝑀(·𝑂𝐻) → 𝑀 + 𝑂𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 ( 𝐶𝑂2) + 𝑛𝐻+ + 𝑛𝑒−    (3) 

 

Indirect removal occurs due to the 

degradation of NaCl solution by Cl2, HClO, or 

OCl⁻ ions, depending on the pH, starting with 

the oxidation of Cl⁻ ions (Equation 4), 

followed by reactions (5), (6), and (7): 

 

2𝐶𝑙− → 𝐶𝑙2 + 2𝑒− (4) 

𝐶𝑙2 + 𝐻2𝑂 → 𝐻𝑂𝐶𝑙 + 𝐻+ +  𝐶𝑙−  (5) 

𝐻𝑂𝐶𝑙 →  𝐻+ +  𝑂𝐶𝑙− (6)  

𝐷𝑦𝑒 𝑤𝑎𝑠𝑡𝑒 +  𝑂𝐶𝑙− → 𝐶𝑂2 +  𝐻2𝑂 +  𝐶𝑙−  (7) 

 

3.2. The effect of voltage and time 

Figure 2A shows the absorbance spectra 

during the electrooxidation of RBB dye using 

5 V for 60 minutes. At the peak of 598 nm, 

there was a decrease in absorbance as the 

electrooxidation time increased. This 

indicates the occurrence of azo chromophore 

group cleavage in the RBB compound. A 

decrease in absorbance also occurred in the 

ultraviolet region (200-350 nm), indicating 

oxidation in aromatic rings such as benzene. 

However, in this process, the formation of 

oxidants is still limited, resulting in a long 

oxidation process. Figure 2B shows the level 

of decolorization efficiency, which occurs 

gradually from 15% at 5 minutes to 70% at 60 

minutes. The lower degradation efficiency 

observed under these conditions may be 

attributed to the relatively slow oxidation 

process, which is associated with the 

incomplete formation of oxidizing species at 

the electrode surface. 
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Figure 2. UV-Visible spectra of remazol black B before and after electrooxidation at 5 V (A), and 

the decolorization efficiency of RBB at visible regions (B). 

Electro-oxidation of RBB at a voltage of 

10 V is shown in Figure 3. Figure 3A shows 

that the decrease in absorbance is faster than 

at 5 V. The color intensity of the solution 

decreases, and the peak absorbance at the 

chromophore group has also completely 

disappeared. In the ultraviolet region, the 

absorbance values decreased due to oxidation, 

which breaks the azo bonds and the aromatic 

structure. Figure 3B shows that the 

decolorization efficiency increases sharply, 

reaching approximately 95% at 20 minutes 

and 100% at 30 minutes. The increase in 

voltage can accelerate the oxidation reaction 

of Cl⁻ ions to Cl2, which then reacts with water 

to produce active oxidants (HOCl and OCl⁻). 

In addition, hydroxyl radicals (•OH) formed 

from the oxidation of water on the anode 

surface play an important role in the direct 

oxidation reaction of RBB molecules. The 

oxidation process at 10 V produces high 

efficiency in a short time, indicating 

conditions that are close to optimal between 

degradation rate and energy consumption. 

Figure 4 shows the electrooxidation of 

RBB using 15 V.  The absorbance in the 

visible region was decreased sharply, 

indicating the azo group was completely 

removed. A decrease in absorbance also 

occurs in the ultraviolet region, which 

contains aromatic rings (Figure 4A). 

Decolorization efficiency reaches 100% in 20 

minutes. This is because an increase in voltage 

accelerates the formation of oxidizing species 

such as HOCl, OCl-, and OH radicals, which 

occur directly and indirectly. However, some 

study reported that the use of high voltage can 

increase consumption and accelerate electrode 
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corrosion and produce toxic compounds, 

especially chlorate (ClO3
-) and perchlorate 

(ClO4
-) [13]. Therefore, optimization is 

necessary even though it has high efficiency 

in RBB waste removal. 

 

 

Figure 3. UV-Visible spectra of remazol black B before and after electrooxidation at 10 V (A), and 

the decolorization efficiency of RBB at visible regions (B). 

 

As shown in Table 1, the carbon 

electrode derived from battery waste achieved 

complete decolorization of RBB (100%) 

within 20 min, which is shorter than the 

treatment times reported for graphite/NiO/Ni, 

SiO2/NiO/Ni composite, graphite, and 

BDD/Ti-Pt electrodes. The variation in 

degradation performance can be attributed to 

differences in electrode properties, including 

surface area, catalytic activity, oxygen 

evolution potential (OEP), and the dominant 

oxidation mechanism. Modified graphite 

electrodes, such as graphite/NiO/Ni and 

SiO2/NiO/Ni composites, generally exhibit 

enhanced catalytic activity due to the presence 

of metal oxides that promote the generation of 

reactive oxidative species. However, the 

fabrication process of these composite 

electrodes is relatively complex and often 

requires additional synthesis steps and 

precursor materials. In contrast, the carbon 

electrode prepared from battery waste can be 

obtained through a simpler and more cost-

effective approach while maintaining 

excellent degradation performance. 
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Figure 4. UV-Visible spectra of remazol black B before and after electrooxidation at 5 V (A), and 

the decolorization efficiency of RBB at visible regions (B). 

 

The FeS electrode also achieved 

complete decolorization within a relatively 

short treatment time (25 min), which may be 

associated with the contribution of iron 

species in promoting electrochemical 

oxidation processes. Nevertheless, metal-

based electrodes may experience corrosion or 

gradual metal dissolution during prolonged 

operation, potentially affecting their long-

term stability. Meanwhile, the BDD/Ti-Pt 

electrode is widely recognized as one of the 

most effective materials for electrochemical 

wastewater treatment due to its high oxygen 

evolution potential and ability to generate 

large amounts of hydroxyl radicals. Despite 

these advantages, its practical application is 

often limited by the high fabrication and 

operational costs. Compared with these 

advanced electrode materials, the carbon 

electrode from battery waste offers a favorable 

balance between degradation efficiency, 

treatment time, material availability, and 

production cost. 

In addition, the electrolyte employed 

may also influence the degradation efficiency. 

Most previous studies used NaCl or K2SO4 as 

supporting electrolytes, which can affect the 

formation of reactive oxidizing species and 

consequently alter the degradation pathway. 

In the present study, complete decolorization 

was achieved using a simple salt electrolyte, 

demonstrating that the recycled carbon 

electrode was capable of generating sufficient 

oxidizing species for efficient RBB 

degradation. These findings highlight the 

potential of battery-waste-derived carbon 

electrodes as a low-cost, environmentally 

friendly, and scalable alternative for the 

treatment of dye-containing wastewater. 
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Table 1. Electrochemical degradation of RBB using various electrodes has been reported in previous 

research. 

No Method Electrode 

material 

Voltage 

(V) 

Electrolyte [RBB] 

(mg/L) 

Efficiency 

(%) 

Time 

(min) 

Ref 

1 Electrochemical Graphite/NiO

/Ni electrode 

9 NaCl 100 100 45 [9] 

2 Electrochemical SiO2/NiO/Ni 

composite 

9 NaCl 100 100 60 [10] 

3 Electrochemical Graphite 9 NaCl 100 99,74 60 [10] 

4 Electrochemical Fe.S electrode * NaCl 50 100 25 [14] 

5 Electrochemical BDD/Ti-Pt * K2SO4 50 100 180 [15] 

6 Electrochemical Carbon 

electrode 

from battery 

waste 

15 Salt 50 100 20 This 

work 

*= not mentioned 

 

IV. CONCLUSION 

 The electrochemical degradation of 

Remazol Black B (RBB) dye was successfully 

carried out using carbon electrodes derived 

from battery waste. The results showed that 

the decolorization efficiency increased with 

increasing applied voltage. Decolorization 

efficiencies of 70% and 100% were achieved 

at 5 V for 60 min and 10 V for 30 min, 

respectively, while complete decolorization 

was also obtained at 15 V within a shorter 

treatment time of 20 min. These findings 

indicate that carbon electrodes recovered from 

battery waste are effective for the 

electrochemical treatment of dye-containing 

wastewater and can serve as a low-cost and 

sustainable alternative to conventional 

electrode materials. The main novelty of this 

study lies in the valorization of battery waste 

as a functional electrode material, providing a 

sustainable approach for both waste recycling 

and wastewater remediation. 

However, this study was limited to a 

single RBB concentration and one electrolyte 

system, and the degradation performance was 

evaluated primarily based on decolorization 

efficiency. Therefore, further investigations 

are needed including COD and TOC analysis, 

identifying degradation by-products, and 

electrode stability. 
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