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Abstract 

Graphite/NiO/Ni electrode had been fabricated for the electro-oxidation of remazol black 5 dye. The electrode was 

synthesized by electrodeposition method. Electro-oxidation of 100 ppm remazol black 5 dye was carried out at vari-

ous concentrations of NaCl, 0.025; 0.05; 0.1; 0.25; and 0.5 M, variations in electro-oxidation time were 15, 30, 45, 

and 60 minutes, and pH variations were 4, 6, and 8. Cyclic voltammetry test revealed that graphite/NiO/Ni elec-

trode had higher electrocatalytic capability compared to graphite electrode. The X-ray diffraction (XRD) patterns 

showed the decreasing value of 2θ from 44.6° for Ni to 43.5° for NiO. Scanning Electron Microscopy-Energy Dis-

persive X-ray (SEM-EDX) showed that NiO/Ni deposited on the graphite surface in the form of solid grains and 

cracks, FTIR showed that δ(Ni−O) bond appeared at 582–511 cm−1. The decolorization efficiency of remazol black 5 

for graphite/NiO/Ni electrode was 100% for 45 minutes of the electro-oxidation process, while the decolorization ef-

ficiency of remazol black 5 for graphite electrode was 99.74% for 60 minutes of the electro-oxidation process.  
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1. Introduction 

Synthetic dyes are widely used in the textile 

industry, especially in the textile dyeing pro-

cess. Textile industry activities have a negative 

impact on aquatic ecosystems. The negative im-

pact is colored liquid waste that comes from the 

dyeing process. Most of the liquid waste is very 

stable, resistant to chemical reagent reactions, 

very difficult to decompose, toxic, and carcino-

genic [1]. The synthetic dyes, which are used for 

textile coloring are remazol black 5, remazol 

brilliant orange 3R, remazol golden yellow, and 
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remazol red. The concentration of river water 

pollution due to textile waste reaches 10–15% 

(m/v) and 50% of the textile waste contains 

remazol black 5 compounds [2]. Remazol black 5 

is an azo group compound (−N=N) and a sul-

fonate (−SO3−) [3]. Remazol black 5 dye waste 

requires effective and efficient handling so that 

it does not cause environmental pollution. 

Various efforts have been made to reduce 

textile waste pollution, such as coagulation and 

flocculation to treat batik waste [4], decoloriza-

tion and biodegradation of remazol reactive dyes 

by Clostridium species [5], methylene blue ad-

sorption by silica gel from coal fly ash [6], elec-

trochemical oxidation of methylene blue by gra-

phene-modified electrodes [7]. The disad-
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vantages of chemical coagulation, adsorption, 

and membrane filtration methods are expen-

sive and there are residual adsorbents or coag-

ulants [8]. Azo dyes are resistant to bacterial 

and biological activity, and the degradation 

process takes a long time. Therefore, it is nec-

essary to develop alternative technologies that 

are able to degrade dyes effectively and effi-

ciently [9]. 

Electrochemical oxidation or electro-

oxidation is a textile wastewater treatment 

technology. This technology attracts attention 

because it has high efficiency, high degradation 

speed, easy operation, low cost, does not re-

quire a catalyst separation process, does not 

produce secondary pollutants, and is environ-

mentally friendly  [10–15]. Electro-oxidation is 

a process that produces hydroxyl radicals 

(•OH). Hydroxyl radicals are highly oxidizing 

species. They can cause the mineralization of 

organic matter into carbon dioxide, water, and 

inorganic ions [16]. The performance of the 

electro-oxidation process depends on the elec-

trode material, the characteristic/amount of 

electrolyte, and pH [17]. 

Various types of electrodes have been used 

for the electro-oxidation of various dye wastes. 

Each electrode produces a different efficiency of 

organic pollutant degradation. The expanded 

graphite diamond (EG/Diamond) anode elec-

trode has removed 80% of anthraquinonic dye 

and the expanded graphite (EG) electrode has 

removed 66% of anthraquinonic dye, at a cur-

rent of 20 mA/cm2, 0.1 M Na2SO4 for 4 hours. 

However, with chlorine mediated electro-

oxidation (NaCl as the supporting electrolyte), 

the decolorization is faster, i.e. more than 98% 

decolorization in 25 minutes [18]. Pt anode 

electrode has degraded 96% reactive blue 109 

(1000 mg/L) at pH 4, current (I) 20 mA/cm2, 0.1 

M NaCl [19]. Pt/MnO2 anode electrode has de-

graded 90% methylene blue (40 mg/L) at pH 8, 

current (I) 7 mA/cm2; 0.05 M Na2SO4 for 2 

hours [20]. The anode electrode Ti/Ta2O5/SnO2 

has degraded 95% methylene blue (0.025 mM) 

with a current (I) of 9.1 mA/cm2, 0.1 M NaSO4 

for 3 hours [21]. Graphite electrodes on electro-

fenton have degraded 99.2% rhodamine B with 

the addition of 10 mg/L Fe2+ catalyst, pH 3, 

voltage 8 V, for 2 hours [22]. 

Graphite is often used as an anode for tex-

tile dye electro-oxidation because it is relatively 

inexpensive, intensively used on a laboratory 

scale for investigation of new processes, and 

gives satisfactory results. However, graphite 

electrodes also have weaknesses, such as low 

oxidation activity of organic compounds, high 

average corrosion rate, and low mineralization 

efficiency [21]. The efficiency of the electro-

oxidation process is highly dependent on the 

electrode material, dye concentration, and oth-

er operating parameters, such as pH; concen-

tration and type of electrolyte solution; and the 

duration of the electro-oxidation process. Nick-

el oxide (NiO) and nickel (Ni) are anode mate-

rials for the oxidation of organic compounds in 

alkaline media [23]. NiO is a metal oxide that 

is a semiconductor, the most promising electro-

catalyst, more often used compared to Pt or 

RuO2, environmentally friendly, and inexpen-

sive [24]. Ni is used as an electrocatalyst for 

anodic and cathodic reactions in the organic 

synthesis and electrolysis of water [25]. 

The combination of transition metal oxides 

on graphite is a potential technology to in-

crease catalytic activity [11]. The combination 

of transition metal oxides on graphite can over-

come the disadvantages of graphite electrodes, 

so it can increase the efficiency of dye degrada-

tion. The combination of NiO/Ni on graphite 

electrodes is carried out by electrodeposition. 

This study examines graphite electrodes and 

graphite/NiO/Ni electrodes in the electrodegra-

dation of remazol black dye 5. The effect of the 

experimental conditions studied is the concen-

tration of NaCl electrolyte solution, the electro-

oxidation time process, and the pH. 

 

2. Materials and Methods 

2.1 Materials 

The materials used for the investigation are 

NiSO4.6H2O (Sigma Aldrich, >98%), H2O2 

(Merck, 30%), TMOS (SCIP, 99%), H3BO3 

(Merck, ≥99.5%), ethanol (Merck, 99.7%), NaCl 

(Merck, ≥99.5%), H2SO4 (Merck, 98%), graphite 

electrode (SCIP, 99.9%), and remazol black 5 

(Sigma Aldrich, ≥50%). 

 

2.2 Preparation of the Graphite Electrode  

Graphite electrodes were immersed in 50 

mL of 0.003 M H2SO4 and 30% H2O2 in a ratio 

of 1:4 for 15 minutes [2]. The graphite elec-

trodes were heated in the oven at 110 °C for 2 

hours. Then, the graphite electrodes were 

cooled in a desiccator and weighed using a digi-

tal analytical balance. The graphite electrode 

was characterized by XRD-6000 and cyclic volt-

ammetric Autolab type III Metrohm. Cyclic 

voltammetric characterization was carried out 

at a scan rate of 10 mV/s in a 0.1 M NaCl solu-

tion, Ag/AgCl as a reference electrode, Pt as a 

counter electrode, and graphite as a working 

electrode. 
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2.3 Graphite/NiO/Ni Electrode Synthesis 

Graphite/NiO/Ni electrode was synthesized 

by the electrodeposition method, a modification 

of the research conducted by Zhang et al. [26]. 

A total of 100 mL of Ni deposition solution (0.2 

M NiSO4.6H2O and 0.4 M H3BO3) was stirred 

for 10 minutes at 100 rpm. Electrodeposition 

was carried out at 9 volts for 120 minutes. The 

graphite/NiO/Ni electrode formed was heated 

at 400 °C for 2 hours and weighed on an ana-

lytical balance. Graphite/NiO/Ni electrodes 

were characterized by XRD-6000 SHIMADZU. 

The graphite/NiO/Ni electrode morphology was 

characterized by electron microscopy (SEM-

EDX, FEI Inspect S50). Its chemical structure 

was proven by infrared spectroscopy Fourier 

transformation (FT-IR). Characterization of 

graphite/NiO/Ni with cyclic voltammetric Au-

tolab type III Metrohm was carried out at a 

scan rate of 10 mV/s in 0.1 M NaCl solution, 

Ag/AgCl as a reference electrode, Pt as a coun-

ter electrode, and graphite/NiO/Ni as a working 

electrode. 

 

2.4 Electro-oxidation of Remazol Black 5 Dye 

The process of electro-oxidation of remazol 

black 5 dye was carried out by varying the con-

centration of sodium chloride solution, electro-

oxidation time, and pH. A schematic diagram of 

remazol black 5 electro-oxidation with graphite 

electrodes and graphite/NiO/Ni electrodes is 

shown in Figure 1. Graphite electrodes were 

used as cathodes and graphite/NiO/Ni elec-

trodes were used as anodes. Electrodes were 

connected to a DC of 9 volts. The distance be-

tween the anode and cathode electrodes was 1 

cm. 

2.4.1 Electro-oxidation of Remazol Black 5 Dye 

at Various Concentration of NaCl Solution  

Electro-oxidation of remazol black 5 dye was 

carried out at various concentrations of sodium 

chloride solution. A total of 75 mL of 100 ppm 

of remazol black 5 dye was added to 50 mL of 

NaCl solution with a concentration variation of 

0.025; 0.05; 0.1; 0.25; and 0.5 M respectively. 

Electro-oxidation was carried out at 9 volts for 

30 minutes. The results of the electro-oxidation 

were filtered and measured by a UV-vis spec-

trophotometer. 

 

2.4.2 Electro-oxidation of Remazol Black 5 Dye 

at Various Electro-oxidation Time 

Electro-oxidation of remazol black 5 dye was 

also carried out at various times. A total of 75 

mL of 100 ppm of remazol black 5 dye was add-

ed to 50 mL of 0.025 M NaCl solution. The elec-

tro-oxidation was carried out at 9 volts for 15, 

30, 45, and 60 minutes respectively. The re-

sults of the electro-oxidation were filtered and 

measured using a UV-vis spectrophotometer. 

 

2.4.3 Electro-oxidation of Remazol Black 5 Dye 

at Various pH 

Electro-oxidation of remazol black 5 dye was 

carried out at various pH. A total of 75 mL of 

100 ppm of remazol black 5 dye at pH of 2, 4, 6, 

and 8 respectively was added with 50 mL of 

0.025 M NaCl solution. Electro-oxidation was 

carried out using 9 volts DC for 30 minutes. 

The results of electro-oxidation were filtered 

and measured using a UV-vis spectrophotome-

ter. 

Determination of the maximum wavelength 

of remazol black 5 dye was carried out by 

measuring the absorbance of remazol black 5 

dye at the wavelength of 200–800 nm by UV-

vis spectrophotometer. The measurement re-

sults showed the maximum wavelength of 

remazol black 5 dye is 595 nm. Therefore, 

measurement of the results of electro-oxidation 

by UV-vis spectrophotometer was carried out 

at 595 nm wavelength. The decolorization effi-

ciency in the electro-oxidation of remazol black 

5 dye was calculated by the equation: 

 

 (1) 

 

where Ai is the absorbance value of remazol 

black 5 dye solution before electro-oxidation 

and Af is the absorbance value of remazol black 

5 dye solution after electro-oxidation. 

6 

5 

2 1 

3 

4 

Figure 1. The electro-oxidation schematic cell of 

remazol black 5 with (1) anode 

(graphite/NiO/Ni or graphite), (2) cathode 

(graphite), (3) pH meter, (4) DC power supply, 

(5) magnetic stirrer, and (6) magnet. 
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3. Results and Discussion  

3.1 Characterization of Graphite and Graphite/

NiO/Ni Electrodes 

The gravimetric method was carried out to 

prove that NiO/Ni was already attached to the 

graphite electrode. The results showed that the 

mass of the graphite electrode was 5.721 grams 

before electrodeposition and 6.103 grams after 

the electrodeposition process. The addition of 

0.382 grams of mass after electrodeposition 

had proved that NiO/Ni has been deposited on 

the graphite as graphite/NiO/Ni. 

Electrochemical catalyst electrode charac-

terization was tested by cyclic voltametric. The 

electroactive capability of the electrode was an 

important factor to be tested. The electrocata-

lytic character of an electrode was measured by 

oxidation reaction which is indicated by the 

voltammogram data. The high current re-

Figure 2. Voltamogram of graphite and graph-

ite/NiO/Ni electrodes at 0.1 M NaCl at a 10 

mV.s−1 scan rate. 
Figure 3. XRD pattern of graphite and graph-

ite/NiO/Ni electrodes. 

Figure 4. (a) EDX spectrum of graphite/NiO/Ni electrode and (b) SEM images of graphite/NiO/Ni elec-

trode. 

(a) 

(b) 
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sponse of the voltammogram data shows the 

ease of the Cl− oxidation reaction by the elec-

trode [27]. Graphite electrode and graph-

ite/NiO/Ni voltammograms data are presented 

in Figure 2. The voltammogram data in Figure 

2 shows that the current response of graph-

ite/NiO/Ni electrode was higher than graphite 

electrode. This indicated that Cl− oxidation re-

action by graphite/NiO/Ni electrodes was easi-

er, hence the electrocatalytic ability of graph-

ite/NiO/Ni electrodes was higher than graphite 

electrodes. 

Testing of the phase composition of the elec-

trode surface was carried out using an XRD in-

strument. The graphite and graphite/NiO/Ni 

electrode diffractograms are shown in Figure 3. 

As shown in Figure 3, the characteristic peak of 

graphite appeared at 2θ = 26.54° (002). Charac-

teristics of graphite appeared at 2θ= 26.5° 

(002), 54.7° (004), and 87.1° (006) [28]. The 

XRD diffractogram on graphite/NiO/Ni elec-

trode showed the appearance of two new dif-

fraction peaks at 2θ = 43.5° and 44.6°. The 

XRD spectrum characteristic of NiO appeared 

at 2θ = 37.2° (111), 43.3° (200), 62.9° (220), 

75.4° (220), and 79.4° (311) [29]. Based on Fig-

ure 3, the XRD spectrum of the graph-

ite/NiO/Ni electrode showed that Ni was depos-

ited on graphite as NiO at 2θ = 43.5°. The dif-

fraction peak at 2θ = 44.6° in Figure 3 shows 

the characteristics of Ni (JCPDS No. 70-0989), 

this indicated that NiO/Ni catalyst had been 

deposited on the graphite electrode as graph-

ite/NiO/Ni. 

Characterization by SEM-EDX showed that 

NiO/Ni was deposited on the graphite surface. 

The results of EDX analysis presented in Fig-

ure 4 showed that Ni and O particles scattered 

on the graphite surface particles were solid 

grains and cracks. The same results were also 

found for NiO electrodeposits on fluorine doped 

tin oxide (FTO) glass substrate [23]. 

FTIR spectra of graphite/NiO/Ni electrodes 

in 500–4500 cm−1 was shown in Figure 5. Fig-

ure 5 shows the appearance of a peak at 3500 

cm−1 which indicated stretching () (O−H), 

1625 cm−1 indicated bending (σ) (HO−H), and 

582–511 cm−1 showed δ (Ni−O). Previous re-

search stated that δ (Ni−O) occurred between 

610 and 480 cm−1 [30], stretching () (O−H) oc-

curred at 3500 cm−1 and bending (σ) (HO−H) 

appeared at 1625 cm−1 [31]. 

 

3.2 The Electro-oxidation of Remazol Black 5 

Dye at Various Concentrations of NaCl Solu-

tion  

The concentration of NaCl greatly affects 

the degradation of remazol black 5 dye. Degra-

dation of remazol black 5 dye occurs in the 

presence of oxidizing agents Cl2, HClO, and 

ClO−. The number of oxidizing agents Cl2, 

HClO, and ClO− are influenced by the concen-

tration of NaCl. The mechanism of electro-

chemical degradation in presence of NaCl is as 

follows: 

 
Anode reaction : 2Cl− → Cl2 + 2e− (2) 

Cathode reaction : 2H2O + 2e− → H2 + 2OH− (3) 

Bulk solution reaction : Cl2 + H2O → HOCl + H+
 + Cl− 

  (4) 

Bulk solution reaction : HOCl → H+ + OCl− (5) 

 

Increasing NaCl concentration will clearly in-

crease the quantity of Cl2 as an oxidizing 

agent. The quantity of oxidizing agents will be 

proportional to the degradation rate [15]. 

Figure 5. FTIR spectrum of graphite/NiO/Ni 

electrode. 

Figure 6. Relation between NaCl concentration 

and percentage of the decolorization efficiency 

100 ppm of remazol black 5 dye. Insert picture: 

remazol black 5 dye degradation that is caused 

by NaCl concentration in graphite and graph-

ite/NiO/Ni. 
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Based on Figure 6, an increase in NaCl solu-

tion concentration shows an increase in the de-

colorization efficiency of remazol black 5 dye. 

However, at a concentration of 0.1 M NaCl to 

0.5 M NaCl, an increase in remazol black 5 dye 

decolorization efficiency is not significant, since 

the HOCl formed can already degrade most of 

remazol black 5 dye. Figure 6 shows that the 

highest decolorization efficiency of remazol 

black 5 dye for graphite electrode occurred at 

0.1 M NaCl with 99.81% decolorization efficien-

cy, while the highest decolorization efficiency of 

remazol black 5 dye for graphite/NiO/Ni elec-

trode occurred at 0.05 M NaCl with 100% decol-

orization efficiency. An increase in NaCl con-

centration above the best condition did not in-

fluence the efficiency of the decolorization, 

since almost all remazol black 5 had been de-

graded. When electrolyte concentration in the 

degradation process had reached the best con-

dition, the addition of electrolyte concentration 

did not increase the dye degradation [32]. This 

means an addition of electrolyte concentration 

above 0.1 M NaCl is not necessary since it does 

not increase the efficiency of the degradation 

process. 

Figure 6 shows that the decolorization effi-

ciency of the graphite/NiO/Ni electrode was 

99.35%, while that of the graphite electrode 

was 71.81% at 0.025 M NaCl concentration. 

With 0.05 M NaCl concentration, the decolori-

zation efficiency of the graphite electrode was 

96.19%, while the decolorization efficiency of 

the graphite/NiO/Ni electrode was 100%. The 

electro-oxidation rate of organic pollutants de-

pends on the catalytic activity of the anode 

[33]. The catalytic activity of the anode can be 

increased by the addition of a catalyst. Electro-

catalysis can improve electrode kinetics by ac-

celerating the half-cell reaction on the elec-

trode surface [34]. Ni is used as an electrocata-

lyst for anodic and cathodic reactions in organ-

ic synthesis and water electrolysis [25]. Based 

on Figures 2 to 5, NiO/Ni was deposited on the 

graphite electrode. The NiO/Ni which was de-

posited on the graphite electrode functioned as 

an electrocatalyst on the graphite electrode. 

This caused the decolorization efficiency of 

graphite/NiO/Ni electrodes to be higher than 

that of graphite electrodes. Previous research 

indicated that deposition of oxide ZnO-TiO2 on 

graphite felt (GrF) can increase the degrada-

tion yield of amido black 10B dye. Electro-

oxidation of Amido Black 10B dye with GrF-

ZnO-TiO2 electrode showed that the degrada-

tion results reached 98% after 70 minutes of 

electro-oxidation process, which was higher 

than that of the graphite electrode at 35% [2]. 

 

3.3 Electro-oxidating Remazol Black 5 Dye at 

Various Electro-oxidation Time 

The electro-oxidation process of remazol 

black 5 dye by graphite and graphite/NiO/Ni 

electrodes in NaCl solution occurs through two 

mechanisms, namely a direct mechanism and 

an indirect mechanism. Indirect electro-

oxidation of remazol black 5 dye was done by 

the OCl− ion, like Equation 5. The indirect re-

action of remazol black 5 dye degradation is as 

follows: 

 
Dye + OCl− → CO2 + H2O + Cl−  (6) 

 

The mechanism of direct pollutant degrada-

tion in the electro-oxidation process has several 

stages. Pollutant (MOx) in water forms 

MOx(HO•) radical (Equation 7). The radical 

then changes into MOx+1 (Equation 8) and re-

leases oxygen (Equation 9). MOx+1 undergoes a 

further reaction and produces oxygen like in 

Equation 10. Furthermore, the radical 

MOx(HO•) and MOx+1 oxidize organic pollu-

tants (Equations (11 and 12)). All of the pro-

cesses occur catalytically on the anode surface 

according to Equations (9-12). 

 
MOx + H2O → MOx(HO•) +  H+ + e−  (7) 

MOx(HO•) → MOx+1 + H+ + e−  (8) 

MOx (HO•) → MOx + H+ + e− + ½ O2 (9) 

MOx+1 → MOx + ½ O2 (10) 

MOx(HO•)  + RH → MOx + H2O + R•  (11) 

MOx+1 + RH → MOx + RHO  (12) 

 

Figure 7. Relation between electro-oxidation 

time and percentage of the decolorization effi-

ciency 100 ppm of remazol black 5 dye. Insert 

picture: remazol black 5 dye degradation that is 

caused by electro-oxidation time in graphite 

and graphite/NiO/Ni. 
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Overall, the electro-oxidation process was di-

rectly degraded by the adsorbed hydroxyl radi-

cals generated from the water oxidation reac-

tion [35]. 

Figure 7 shows that the percentage of rema-

zol black 5 dye decolorization efficiency increas-

es by increasing electro-oxidation time because 

more hypochlorite ions (OCl−) and hydroxyl 

radicals (•OH) are formed. The hypochlorite 

ion and hydroxyl radicals act as the main oxi-

dizing agents in dye degradation [36]. Figure 7 

shows that after 15 minutes of electro-oxidation 

process, the graphite electrode decolorization 

efficiency was 48.13% and that of graph-

ite/NiO/Ni electrode was 97.75%. The highest 

decolorization efficiency of remazol black 5 dye 

using graphite/NiO/Ni electrodes was 100% 

and the electro-oxidation process lasted for 45 

minutes. While at the graphite electrode, the 

highest decolorization efficiency of remazol 

black 5 dye was 99.74% and the electro-

oxidation process lasted for 60 minutes. The de-

colorization efficiency of the graphite/NiO/Ni 

electrode was higher than the graphite elec-

trode because NiO/Ni electrocatalyst was de-

posited on the graphite. The NiO/Ni electrocat-

alyst increased the ability of the electrode to 

oxidize Cl− to be Cl2 (Equation 2), hence accel-

erated the reaction of Equations 4 - 5 and auto-

matically increased the decolorization efficien-

cy of the remazol black 5 dye (Equation 6). A 

previous study on the electrochemical oxidation 

of methylene blue (MB) using stainless steel 

graphene hydroxyl (SS/G-OH) electrode in 

NaCl electrolyte showed that the MB concen-

tration decreased by >99% after 30 minutes of 

electrolysis [7]. 

 

3.4 Electro-oxidation of Remazol Black 5 Dye 

at Various pH 

The acidity of the solution affects the perfor-

mance of the electro-oxidation process. In the 

electro-oxidation process, chloride ions are 

used as a supporting electrolyte to produce ac-

tive chlorine (Cl2, HOCl, and ClO−). The active 

chlorine depends on the pH of the solution. The 

active chlorine in the pH range of 3-8 is HClO, 

ClO− in pH > 8, and Cl2(aq) in pH close to 3. The 

standard potential of each active chlorine are 

Cl2(aq) (E° = 1.36 V/SHE), HClO (E° = 1.49 

V/SHE), and ClO− (E° = 0.89 V/SHE) [11]. 

Based on Figure 8, the highest decoloriza-

tion efficiency for graphite electrodes was 

found 91.03% at pH 2, while for graph-

ite/NiO/Ni electrodes was found 99.74% at pH 

6. When the pH is 2, the main active chlorine is 

Cl2. The amount of Cl2 formed exceeds its solu-

bility so that it forms bubbles. It may be par-

tially diffused away from the anode to react 

(a) 

(b) (c) 

Figure 8. (a) Relation between pH and percentage of the decolorization efficiency 100 ppm of remazol 

black 5 dye. Insert picture: remazol black 5 dye degradation that is caused by various pH in graphite 

and graphite/NiO/Ni, (b) the absorbance spectra of the graphite electrode, (c) the absorbance spectra of 

the graphite/NiO/Ni electrode. 
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with other chlorides, forming trichloride or hy-

pochlorous acid, and chloride ions [37]. As a re-

sult of this incident, not all of the chlorine 

formed degraded remazol black 5, so the decol-

orization efficiency of pH 2 was lower than pH 

6 even though it had a higher E° Cl2 than E° 

ClO−. At pH 6 the main active chlorine is 

HOCl. HOCl is not affected by gas desorption 

at the anode, so the decolorization efficiency of 

remazol black 5 dye was higher than pH 2. In 

addition, the decolorization efficiency of graph-

ite/NiO/Ni electrode was higher than graphite, 

because there were NiO and Ni deposited on 

graphite, as shown in Figures 2 to 5. NiO and 

Ni acted as electrocatalysts that could acceler-

ate the electro-oxidation reaction of remazol 

black 5. The results of a similar study stated 

that pH 5.49 was the best for the electro-

oxidation of textile waste which used Ti/RuO2 

anodes [17] and pH 4 was the best for degrad-

ing 96% reactive blue 109 (1000 mg/L) with Pt 

anode electrode at current (I) 20 mA/cm2, 0.1 M 

NaCl [19]. 

Figures 8(b) and 8(c) show the spectra of 

remazol black 5 before and after electro-

oxidation. The spectra of remazol black 5 before 

electro-oxidation showed six bands, namely 

595, 558, 391, 310, 254, and 229 nm. Two are in 

the visible region (595 and 558 nm) and the 

others are in the ultraviolet region (229, 254, 

310, and 391 nm). Previous research stated 

that remazol black 5 spectra showed 5 spectra 

bands, namely one in the visible region (595 

nm) and others in the ultraviolet region (229, 

254, 310, and 391 nm) [3]. The peak at 595 nm 

is the characteristic of the chromophoric azo 

group (−N=N−), while the peaks at 254 and 310 

nm are associated with benzene and naphtha-

lene rings [3,37]. Figure 8 shows all the de-

creasing peaks during the electro-oxidation 

process. The decreasing peak at 595 nm indi-

cated that the chomophoric azo group could be 

easily electro-oxidized. On the other hand, the 

decrease in absorbance in the UV region was 

lower, because the aromatic structure was 

more stable than the chromophoric azo group. 

The decrease in absorbance spectra for graph-

ite/NiO/Ni electrodes (Figure 8(a)) is greater 

than that for graphite electrodes (Figure 8(b)); 

this is caused by the NiO/Ni electrocatalyst. 

The NiO/Ni electrocatalyst has improved the 

performance of graphite electrodes in the rema-

zol black 5 dye electro-oxidation process. Rema-

zol black 5 dye electrodes may lead to the for-

mation of intermediates. This intermediate ac-

celerates the decrease in absorbance at 595 nm 

by removing the chromophoric azo group before 

the aliphatic carboxylic acid and carbon dioxide 

are formed [38]. 

 

4. Conclusion 

NiO/Ni electrocatalyst has been successfully 

deposited on graphite electrodes by electrodep-

osition. NiO/Ni electrocatalyst has improved 

the performance of graphite electrodes in 

remazol black 5 electro-oxidation. The best 

NaCl concentration for remazol black 5 electro-

oxidation was 0.05 M for graphite/NiO/Ni and 

0.1 M for graphite with 100% and 99.81% de-

colorization efficiency, respectively. The best 

time for remazol black 5 electro-oxidation was 

45 minutes for graphite/NiO/Ni and 60 

minutes for graphite with 100% and 99.74% 

decolorization efficiency, respectively. While, 

the best pH for the remazol black 5 electro-

oxidation was pH 6 for graphite/NiO/Ni and pH 

2 for graphite with 99.74% and 91.03% decolor-

ization efficiency, respectively. Graph-

ite/NiO/Ni electrodes have good prospects to be 

developed as electrodes to degrade textile 

waste. 
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