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Abstract 

An electrocatalyst is a material that exhibits catalytic activity for electrochemical reactions. The electrocatalytic 

properties within electrochemical cells can be enhanced by modifying the electrode through an electrodeposition 

process. Therefore, this study aimed to synthesize NiO/Ni electrocatalyst using the electrodeposition method at pH 

values of 8, 10, and 12. The NiO/Ni generated was applied in the electrochemical degradation of textile waste un-

der specific operating conditions, including pH = 4, NaCl concentration of 0.05 M, DC voltage of 9 volts, and vary-

ing degradation times of 60, 120, 180, and 240 min. Based on the results, the XRD diffractograms revealed the 

presence of NiO peaks at 2θ = 43.5°, 63.1°, and 75.4°, and Ni peaks at 2θ = 51.9°. SEM-EDX analysis showed that 

NiO/Ni was deposited on the graphite surface in the form of spheres and granules. FTIR indicated the presence of 

Ni−O bonds at 501 cm−1, and GSA demonstrated that NiO/Ni exhibited mesoporous properties. The NiO/Ni at pH 

= 10 had the highest surface area, pore volume, and current response compared to graphite, as well as the electro-

catalyst produced at pH of 8 and 12. Additionally, the electrochemical degradation of textile waste using NiO/Ni at 

pH = 10 led to the highest reduction in absorbance efficiency, chemical oxygen demand (COD), and ammonia, with 

respective values of 96.80, 96.15, and 87.34%. 
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1. Introduction 

Electrocatalyst is material that facilitates 

electrochemical reactions and plays a crucial 

role in various study fields, including 

wastewater treatment [1]. Extensive investiga-

tions have been conducted to develop electrocat-

alyst for reduction and oxidation processes, 

based on both precious metals, such as platinum 

(Pt) and aurum (Au), as well as non-platinum 

metals encompassing single, binary, ternary, or 

other alloys. Whilst Pt exhibits superior perfor-
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mance, its high price necessitates the explora-

tion of alternative electrocatalyst with compara-

ble efficiency and lower production costs [2]. 

Among these alternatives, metal oxides have 

garnered significant attention due to the unique 

physicochemical properties possessed, leading to 

their attractiveness for diverse fields including 

electrochemistry, catalysis, corrosion, spintron-

ics, and optoelectronics [3]. 

Several metal oxides, such as IrO2 and SnO2, 

have been used as electrocatalyst for Ti elec-

trodes in the electrooxidation of phenols. The re-

sults showed that Ti/IrO2 and Ti/SnO2 achieved 

degradation efficiencies of 71% and 90%, respec-
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tively. These active oxides function as effective 

electrocatalyst with excellent catalytic activity 

and durability [1]. Furthermore, the combina-

tion of a graphite electrode with iron silica mes-

oporous electrocatalyst employed in the electro-

fenton degradation of rhodamine B yielded a 

97.7% reduction in the color of rhodamine B 

and 35.1% total organic carbon (TOC). Similar 

results were observed when applied to textile 

waste, with a  97% reduction in color and 39% 

TOC [3]. 

Nickel (Ni) is used as an electrocatalyst for 

both anodic and cathodic reactions [4], offering 

numerous advantages over other catalysts, 

such as high overpotential, stability, electrical 

conductivity, catalytic activity, and resistance 

to CO gas poisoning [5]. When zeolite is im-

pregnated with this metal, Ni exhibits high ac-

tivity and stability even under varying temper-

atures [6]. The activity of Ni can be enhanced 

through various strategies including coating 

with Mn [7], combination with iron [8], and 

precipitation with SiO2 [9]. Notably, in urea 

electrooxidation, Ni-P mesopore nano catalysts 

show superior activity and stability compared 

to Ni nanocatalysts [5]. Furthermore, Ni-Zn 

electrocatalyst exhibits excellent electrocatalyt-

ic performance, large surface area, and high 

electrical conductivity in hydrazine electrooxi-

dation [10]. Bimetallic hydroxide catalysts com-

posed of nickel and cobalt, synthesized through 

electrodeposition, exhibit the ability to inhibit 

water electrolysis reactions and enhance the ef-

ficiency of urea electrolysis. They have signifi-

cant potential for applications in wastewater 

remediation, hydrogen production, electro-

chemical sensors, and fuel cells [11]. NiO, a 

metal oxide with substantial catalyst potential, 

is widely employed as an electrode material, 

specifically as an anode [12,13]. Additionally, it 

has been successfully synthesized in various 

forms, such as NiO/fluorine-doped tin oxide 

coated glass substrates (NiO/FTO/Glass) [14] 

and mesoporous NiO (OM ̶ NiO) nanosheets [5]. 

Electrocatalyst from metals and metal ox-

ides can be prepared using several methods, in-

cluding thermal decomposition, solvent impreg-

nation, spray pyrolysis, hydrothermal, and 

electrodeposition, each with different ad-

vantages and disadvantages. In general, some 

weaknesses arise in terms of cost, product ho-

mogeneity, and the strength of the bond be-

tween the supporting material and the metal 

oxide. However, the electrodeposition method 

offers various advantages, such as large deposi-

tion surface area, more homogeneous particle 

distribution, easy and automatic implementa-

tion, low cost, and fast deposition rate [15]. For 

instance, electrochemical studies revealed Cu-

doped NiO (NiO:Cu) thin films synthesized by 

electrodeposition to be good candidates for 

magnetic applications [16]. 

The velocity of electrodeposition is affected 

by the migration force, which is proportional to 

the applied potential. This deposition speed 

significantly impacts the morphology and 

quantity of the produced metal oxide [17]. The 

properties of metal oxides strongly influence 

their activity. Furthermore, the presence of a 

porous structure and a large surface area en-

hances their catalytic activity [18]. The electro-

deposition of NiO/Ni is more thermodynamical-

ly favorable under high pH (alkaline) condi-

tions. Pourbaix diagrams provide a comprehen-

sive illustration of the relationship between po-

tential and pH, indicating that NiO/Ni for-

mation occurs under alkaline pH electrodeposi-

tion conditions [13,19,20]. The pH parameter 

during the electrodeposition process greatly in-

fluences the structure, morphology, and elec-

trochemical properties of the synthesized 

NiO/Ni. Electrocatalyst with high surface area 

and current response is very effective for the 

electrochemical degradation of textile waste. 

Electrochemical degradation is one of the 

techniques applied in the processing of textile 

dyes. Additionally, its efficiency depends on 

factors such as the electrode material type, 

electrooxidation time, pH, and concentration of 

the electrolyte solution. This can be enhanced 

by employing an electrode material with a 

large surface area, stability, and high current 

response [15,21]. Incorporating an electrocata-

lyst into electrochemical degradation further 

improves the surface area, stability, and cur-

rent response of the electrode material, in-

creasing the efficiency value of the process [22]. 

NiO/Ni electrocatalyst is employed in the 

electrochemical degradation of textile waste, a 

treatment technique that generates highly re-

active hydroxyl radicals (•OH). The hydroxyl 

radicals are very strong oxidizing species capa-

ble of mineralizing organic matter into carbon 

dioxide, water, and inorganic ions [23]. The ef-

fectiveness of electrocatalyst in the electro-

chemical degradation process relies on the 

quality of the obtained products. The quality 

assessment of textile waste degradation prod-

ucts adheres to the Indonesian Minister of En-

vironment and Forestry Regulation 

No.16/MENLHK/SETJEN/KUM.1/4/2019 con-

cerning the waste quality standards for textile 

industry businesses and/or activities, encom-

passing parameters such as COD and ammo-

nia. The pH is a parameter that influences the 

formation of NiO/Ni electrocatalysts [13]. The 
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nickel Pourbaix diagram shows that the elec-

trocatalytic synthesis of NiO/Ni under high pH 

(alkaline) conditions has a high surface area, 

current response, and stability characteristics. 

The electrocatalyst NiO/Ni is an alternative 

electrocatalyst with high efficiency and low pro-

duction costs. The novelty of this article is the 

pH parameter in the electrodeposition process 

of the NiO/Ni affects the structure, morphology, 

and electrochemical properties of the NiO/Ni 

electrocatalyst.  

Based on the described context, this study 

aimed to synthesize NiO/Ni electrocatalyst at 

various pH levels and investigate their applica-

tion in the electrochemical degradation of tex-

tile wastes. The deposition of NiO/Ni electrocat-

alyst on graphite is expected to yield a nano-

composite structure with higher activity and 

stability, in comparison to graphite, during the 

electrochemical degradation reaction of textile 

waste. 

 

2. Materials and Methods  

2.1 Materials  

The materials used in this study were 

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

(Merck, 30%), NaCl (Merck, ≥ 99.5%), H2SO4 

(Merck, 98%), graphite electrode (SCIP, 99.9%), 

KOH (Merck, 85%), KCl (Merck, 99.5%), 

K2Cr2O7 (Merck, 99.9%), EDTA (AR/ACS, 

99.4%), NaOH (Merck, 95%), Ag2SO4 (Merck, 

99.5%), Hg2SO4 (Merck, 98%), and HCl (Merck, 

37-38%), and textile waste. 

 

2.2 The Synthesis of NiO/Ni Electrocatalyst  

The synthesis of the NiO/Ni electrocatalyst 

was conducted through Ni electrodeposition, 

with modifications based on the method de-

scribed by Basharat et al. [13]. A deposition so-

lution of 50 mL was prepared, comprising 10 

mL of 0.5 M NiSO4.6H2O solution, 5 mL of 0.1 

M KOH, 4 mL of 0.4 M EDTA, and 31 mL of 0.1 

M KCl as the supporting electrolyte. The pH of 

the deposition solution was adjusted to 8 using 

KOH, then stirred for 10 min at a speed of 100 

rpm. Furthermore, graphite electrodes were 

employed as the anode and cathode, with a 

length of 3.5 cm immersed in the deposition so-

lution, and a 1 cm distance between the two 

electrodes. The electrodeposition process was 

conducted at 1 volt DC power supply for 300 

min at a temperature of 20–30 °C. The formed 

NiO/Ni electrocatalyst was subsequently heat-

ed at 400 °C for 30 min. The same procedure 

was repeated for the synthesis of NiO/Ni at pH 

of 10 and 12. 

2.3 The Characterization of NiO/Ni Electrocat-

alyst 

The morphology of the NiO/Ni electrocata-

lyst was characterized by scanning electron mi-

croscopy FEI Inspect-S50 (SEM-EDX) and 

transmission electron microscopy SAED JEOL 

JEM-2100 (TEM). The composition of the elec-

trocatalyst phase was analyzed using X-ray dif-

fraction 6000 (XRD). Additionally, the physico-

chemical surface properties of the NiO/Ni elec-

trocatalyst were evaluated through N2 adsorp-

tion-desorption measurements performed with 

a gas sorption analyzer (GSA) JWGB Sci and 

Tech Model BK112. Before analysis, the elec-

trocatalyst was subjected to in situ pretreat-

ment under a vacuum at 300 °C for 3 h. Subse-

quently, adsorption-desorption experiments 

were carried out using N2 at 77.35 K. The spe-

cific surface area was determined with the 

multipoint BET method, while the BJH meth-

od was employed to calculate the pore size and 

volume. The chemical structure was confirmed 

with fourier transform infrared spectroscopy 

merk Shimadzu (FTIR). The electrocatalytic 

performance was determined with cyclic     

voltammetric Autolab type III Metrohm. 

 

2.4 Electrochemical Degradation of Textile 

Waste using NiO/Ni Electrocatalyst 

Textile waste was collected from household-

scale textile craftsmen in the Sukawati area, 

Gianyar Bali. The electrochemical degradation 

process began by measuring the initial COD, 

ammonia, and pH of the textile waste. A total 

of 750 mL waste was adjusted to pH = 4 and 

supplemented with 500 mL of 0.05 M NaCl so-

lution. The electrochemical degradation was 

performed using a DC power supply at 9 V for 

60, 120, 180, and 240 min. Graphite electrodes 

coated with NiO/Ni electrocatalyst at pH = 8 

were utilized as anodes, while graphite alone 

served as cathodes (3 pieces each). The degra-

dation product was analyzed for absorbance, 

COD, and ammonia. The same procedure was 

repeated for NiO/Ni synthesized at pH of 10 

and 12, using graphite electrodes. 

The absorbance of the textile waste before 

and after electrochemical degradation was 

measured at a maximum wavelength of 595 

nm with UV-vis double beam 1700 Shimadzu 

spectrophotometer. The efficiency of absorb-

ance reduction in the electrochemical degrada-

tion process was calculated by Equation (1), 

where Ai represents the initial absorbance val-

ue, while Af is the final value. 
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(1) 

 

2.5 Determination of COD Levels 

COD levels were determined with closed re-

flux spectrophotometry, following the SNI 

6989.2-2009 standard. A total of 2.5 mL sample 

was added to 1.5 mL of 0.0167 M K2Cr2O7 and 

3.5 mL sulfuric acid reagent solutions, then re-

fluxed at 150 °C for 2 h. The amount of oxygen 

required was measured as O2 mg.L−1 using a 

UV-vis double beam 1700 Shimadzu spectro-

photometer at a wavelength of 600 nm. The 

COD analysis employed a UV-vis spectropho-

tometer with potassium hydrogen phthalate as 

a standard solution. The potassium hydrogen 

phthalate was selected as a representative or-

ganic compound in the solution, which was oxi-

dized by potassium dichromate solution. The 

COD levels were calculated based on the linear 

equation obtained from the calibration curve of 

the standard solution. Moreover, the efficiency 

of COD reduction in the electrochemical degra-

dation process was calculated using Equation 

(2), where Ci represents the initial COD level, 

and Cf is the final level. 

 

(2) 

 

 

2.6 Determination of Ammonia Levels 

Ammonia levels were determined using a 

phenate spectrophotometer, following the SNI 

06-6989.30-2005 standard, where the principle 

involved was the reaction of ammonia with hy-

pochlorite and phenol, catalyzed by sodium ni-

troprusside to form an indophenol blue com-

pound. A total of 25 mL test sample was mixed 

with 1 mL phenol solution, 1 mL sodium nitro-

prusside, and 2.5 mL sodium hypochlorite. The 

mixture was closed and left for 1 h before 

measurement with a UV-vis double beam 1700 

Shimadzu spectrophotometer at a wavelength 

of 640 nm. The ammonia levels were calculated 

based on the linear equation obtained from the 

calibration curve. The efficiency of ammonia 

reduction in the electrochemical degradation 

process was calculated using Equation (3), 

where ai represents the initial ammonia level 

of textile waste, and af is the final ammonia 

level. 

 

(3) 

 

 

3. Results and Discussion  

3.1 Synthesis and Characterization of NiO/Ni 

Electrocatalyst 

The synthesis of NiO/Ni was performed 

through electrodeposition, which led to the for-

mation of green granules on the graphite elec-

trode support material, indicating the presence 

of NiO and Ni electrocatalysts. The intensity of 

the green granules increased with higher pH 

values. Upon heating at 400 °C, NiO and Ni 

changed from green to black, indicating the ra-

tio of Ni:O to NiO to be nonstoichiometric (the 

Ni:O ratio deviated from 1:1) [13]. 

The electrodeposition process of NiO/Ni 

commenced with the reduction of oxygen pre-

cursors, leading to an increase in the local pH 

around the cathode (Equation (4)). This was 

followed by the precipitation of metal oxides 

through electrodeposition (Equation (5)). The 

presence of the metal hydroxide phase could in-

terfere with and inhibit the direct electrodepo-

sition process of metal oxides (Equations (6) 

and (7)). Therefore, to convert Ni(OH)2 to NiO, 

heating above 250 °C was required [24,25]. Ni 

was deposited on the surface of the graphite 

electrode (Equation (8)) due to the greater 

standard reduction potential of Ni2+ to Ni (E° = 

−0.257 V/SHE) compared to the standard re-

duction potential of H2O to OH− (E° = −0.828 

V/SHE) [17]. 

 

O2 + 2 H2O + 4e− → 4OH−  (4) 

Mn+ + nOH− → M(OH)n → MOn/2
 + n/2 H2O (5) 

O2 + 4 e− → 2O2− (6) 

Ni2+ + O2− → NO + ½ O2  (7) 

Ni2+ + 2e− → Ni (8) 

 

To prevent the precipitation of Ni2+ into 

Ni(OH)2 during the electrodeposition process 

carried out at alkaline conditions (pH of 8, 10, 

Figure 1. XRD pattern of graphite (a), NiO/Ni 

electrocatalyst at pH = 8 (b), NiO/Ni at pH = 10 

(c), and NiO/Ni at pH = 12 (d). 
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and 12), EDTA was added to the reaction mix-

ture. The addition of EDTA hindered the for-

mation of Ni(OH)2, facilitating easier direct 

deposition of metal oxides. The formation of the 

Ni-EDTA complex was indicated by a color 

change in the deposition solution from green to 

blue [13]. 

The composition of NiO/Ni electrocatalyst 

surface phase was determined through XRD 

analysis. Figure 1 shows the diffractograms of 

graphite, as well as NiO/Ni, synthesized at pH 

of 8, 10, and 12. The characteristic peaks at 2θ 

= 26.5° (002) and 2θ = 54.6° (004) corresponded 

to graphite [26]. Furthermore, the XRD diffrac-

togram of NiO/Ni revealed the emergence of 

four new diffraction peaks at 2θ = 43.5°, 51.9°, 

63.1°, and 75.4°. These peaks indicated the 

presence of NiO deposited on graphite at 2θ = 

43.5°, 63.1°, and 75.4°, while the peak at 2θ = 

51.9° correlated with the characteristics of Ni 

(JCPDS No. 70-0989) [27]. Therefore, it could 

be concluded that NiO/Ni electrocatalyst was 

successfully deposited on the graphite elec-

trode. 

Figure 2 shows the SEM results of graphite, 

as well as NiO/Ni, synthesized at pH of 8, 10, 

and 12, which were observed at 5 m magnifi-

cation. The SEM images reveal the deposition 

of the electrocatalyst onto the graphite surface. 

The SEM image of graphite in Figure 2(a) 

shows a plain surface, while the images in Fi-

gures 2(b), (c), and (d) display the granular, 

spherical, solid, flake, and cracked structures 

of NiO/Ni. These morphological variations indi-

cated the formation of NiO/Ni on the graphite 

surface. The SEM analysis revealed an inte-

resting trend regarding the influence of pH on 

the morphology of NiO/Ni electrocatalyst. With 

an increase in pH, the presence of flake-like 

structures decreased, while the occurrence of 

granular, spherical, solid, and fractured struc-

tures increased. This observation suggested 

that the formation of NiO/Ni was more pro-

nounced at higher pH values. The NiO/Ni 

synthesized at pH = 12 (Figure 2(d)) exhibited 

granular, spherical, and increased crack fea-

tures. The granular morphology indicated a 

(a) (b) 

(c) (d) 

Figure 2. SEM images of graphite (a), NiO/Ni electrocatalyst at pH = 8 (b), NiO/Ni at pH = 10 (c), and 

NiO/Ni at pH = 12 (d). 
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Figure 3. EDX spectrum of graphite (a), NiO/Ni at pH = 8 (b), NiO/Ni electrocatalyst at pH = 10 (c), 

and NiO/Ni at pH = 12 (d). 

(a) 

(b) 

(c) 

(d) 
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large surface area, while the presence of cracks 

was associated with contraction induced by ten-

sile stress during drying [13,28]. 

To further confirm the presence of NiO/Ni 

on the graphite surface, energy-dispersive X-

ray (EDX) mapping was performed, and the re-

sults provided spatial information about the 

elemental composition of the electrocatalyst. 

According to Figure 3(a), the dominant ele-

ments detected on the graphite surface were 

carbon, along with a small amount of silicon 

(0.14%). In Figure 3(b), the NiO/Ni deposition 

appeared less evenly distributed, indicating a 

lower amount of NiO/Ni formed at pH = 8. Fi-

gure 3(c) shows a more uniform distribution of 

NiO/Ni, suggesting an increased formation of 

NiO/Ni at pH = 10. Figure 3(d) reveals a thick 

layer of NiO/Ni deposited on a specific edge of 

the graphite surface. These EDX mapping re-

sults align with previous studies that reported 

the even distribution of Ni/SiO2 nanocompo-

sites on Cu electrodes synthesized through 

electrodeposition [29]. 

EDX analysis was employed to confirm the 

presence of Ni and O particles scattered on the 

graphite surface, and the results are presented 

in Figure 3. Interestingly, the proportion of Ni 

and O in NiO/Ni synthesized at pH = 12 was 

found to be the highest compared to the other 

electrocatalysts. This observation aligned with 

the Pourbaix diagram of nickel, which indicat-

ed the formation of NiO at pH of 8–13. Besides, 

more Ni(OH)2 was possibly formed at pH = 12, 

suggesting the reason behind the thick and 

congregated layer observed in the SEM image 

(Figure 2(d)).  

The FTIR spectra of graphite and the three 

NiO/Ni electrocatalysts in the wave number 

range of 500–4000 cm−1 presented in Figure 4 

provided valuable information about their 

chemical composition. The FTIR spectra of 

NiO/Ni in Figures 4(b), (c), and (d) showed that 

a peak at wave number 700 cm−1, 501 cm−1, 

and 1635 cm−1 corresponded to the stretching 

vibrations of Ni2+−OH [3], Ni−O [30], and 

H−O−H [31], respectively. In contrast, the 

FTIR spectrum of graphite (Figure 4(a)) did not 

exhibit these characteristic peaks. 

The specific surface area characterization in 

Figure 5 revealed a type (IV) adsorp-

tion/desorption isotherm curve according to IU-

PAC classification, with a hysteresis loop at re-

latively high pressure. This behavior indicated 

the occurrence of capillary condensation in 

mesoporous materials [12,32]. Figure 5 shows 

that NiO/Ni synthesized at pH = 10 exhibited 

the highest potential for the electrochemical 

degradation of textile waste. The pore size dis-

tribution of graphite and the electrocatalyst 

Figure 4. FTIR spectrum of graphite (a), 

NiO/Ni at pH = 8 (b), NiO/Ni at pH = 10 (c), 

and NiO/Ni at pH = 12 (d). 

Figure 5. The nitrogen adsorption-desorption 

isotherms of graphite (a), NiO/Ni electrocata-

lyst at pH = 8 (b), NiO/Ni at pH = 10 (c), and 

NiO/Ni at pH = 12 (d). 

Figure 6. The pore diameter distributions of 

graphite (a), NiO/Ni at pH = 8 (b), NiO/Ni at 

pH = 10 (c), and NiO/Ni at pH = 12 (d). 
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NiO/Ni was determined using the BJH model, 

as indicated in Figure 6. Both graphite and 

NiO/Ni are mesoporous materials, with a rela-

tively uniform pore size distribution ranging 

from 2 to 25 nm. Notably, NiO/Ni at pH = 10 

(0.079 cm3/g) had the highest pore volume com-

pared to graphite (0.052 cm3/g), as well as 

NiO/Ni at pH = 8 (0.058 cm3/g) and pH = 12 

(0.059 cm3/g), which was greatly advantageous 

for the electrochemical degradation of textile 

waste. A larger specific surface area and pore 

volume contribute to enhanced catalytic activi-

ty in the electro-oxidation of hydrogen peroxide 

[33]. A previous study reported the synthesis of 

NiO@Si nanocomposite anodes using the im-

pregnation method, leading to increased sur-

face area and pore volume, while the pore 

diameter decreased with the progressive depo-

sition of NiO nanocomposite on Si [12]. Addi-

tionally, the impregnation of Cu onto Ni/ZrO2 

catalyst yielded a significant increase in the 

specific surface area as measured by the BET 

method, along with a decrease in the pore 

diameter. This effect could be attributed to po-

tential blockage of the porosity of the support 

material by the added Cu [34]. 

Figure 7 shows the voltammogram of gra-

phite and NiO/Ni electrocatalyst. The high cur-

rent response observed in the voltammogram 

indicated the enhanced activity for the Cl- 

oxidation reaction [35,36]. Notably, the current 

response of NiO/Ni deposited on graphite was 

Figure 7. Voltamogram of of graphite (a), 

NiO/Ni at pH = 8 (b), NiO/Ni at pH = 10 (c), 

and NiO/Ni at pH = 12, (d) as well as 0.1 M 

NaCl and scan rate of 10 mV.s−1. 

Figure 8. The absorbance spectra of graphite (a), NiO/Ni at pH = 8 (b), NiO/Ni at pH = 10 (c), and 

NiO/Ni at pH = 12 (d). 

(a) (b) 

(c) (d) 
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higher than that of pure graphite, indicating 

superior electrocatalytic activity. 

 

3.2 Electrochemical Degradation of Textile 

Waste 

The textile waste used for the electrochemi-

cal degradation process was collected from 

household-scale textile craftsmen located in the 

Sukawati area of Gianyar Bali. This waste 

comprised a mixture of organic and inorganic 

materials, including remazol red and black 

dyes, with COD of 2,400.833 mg.L−1, ammonia 

content of 95.288 mg.L−1, and a pH of 12. 

In electrolytic cells, the electrochemical de-

gradation of organic pollutants occurs through 

two primary mechanisms, namely direct anodic 

oxidation and indirect oxidation [37]. Direct 

electrochemical degradation of textile waste is 

often carried out using hydroxyl radicals or by 

direct electron transfer to the anode, as pre-

sented in Equations (9)–(11). On the other 

hand, the indirect process involves the genera-

tion of active chlorine species from chloride ions 

at the anode to degrade textile waste, as illus-

trated in Equation (10) [38,39]. 

 

M + H2O → M(•OH) (9) 

M(•OH) + textile waste → 

 M + intermediate (10) 

M(•OH) + intermediate → 

 M + CO2 + H2O + inorganic ion (11) 

Textile waste + HOCl → CO2 + H2O + Cl− (12) 

 

These electrochemical degradation pathways 

play a crucial role in the breakdown of the tex-

tile waste components, leading to the eventual 

conversion into CO2, H2O, and inorganic ions. 

Figure 8 shows the spectra of textile waste 

before and after the electrochemical degrada-

tion process. Furthermore, it displays a promi-

nent peak in the visible region (400–600 nm), 

indicating the presence of the azo chromophore 

group (−N=N−). Another peak found in the UV 

region (200–400 nm) represents unsaturated 

groups, such as benzene, naphthalenes, and 

heterocyclic rings [40–42]. During the electro-

chemical degradation conducted using graphite 

and NiO/Ni at pH = 8, a reduction in peaks wi-

thin the visible region was observed. Mean-

while, in the degradation process involving 

NiO/Ni synthesized at pH of 10 and 12, a signi-

ficant decrease and even disappearance of the 

peaks occurred. These results suggested that 

the chromophore groups turned into in-

termediates before the formation of aliphatic 

carboxylic acids and carbon dioxide. The de-

scribed transformation events accelerated the 

decline in absorbance and disappearance of the 

visible peaks [41]. The absorbance decrease in 

the UV region was less pronounced compared 

to the visible region because the aromatic 

structures of compounds found in the textile 

waste were more stable than the azo chromo-

phore group [42]. 

Figure 9(a) shows that as the electrochemi-

cal degradation process continues, the absorb-

ance reduction efficiency of the textile waste 

Figure 9. The relation between reduction efficiencies of absorbance (a), COD (b), and ammonia (c) with 

duration. 

(a) 

(b) (c) 
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increases. This can be attributed to the extend-

ed contact between chlorine species or hydroxyl 

radicals and the textile waste, leading to en-

hanced generation of degradation products 

[43,44]. In this study, after 240 min of the elec-

trochemical degradation process, the highest 

absorbance reduction efficiencies were 89.77%, 

92.71%, 96.80%, and 96.61% for graphite, as 

well as NiO/Ni synthesized at pH of 8, 10, and 

12. 

The efficiency of reducing COD presented in 

Figure 9(b) indicates that as the electrochemi-

cal degradation process prolongs, the reduction 

in COD becomes more significant. For graphite, 

the reduction efficiency increased from 59.70% 

after 60 min of processing to 75.32% after 240 

min. Similarly, when using NiO/Ni synthesized 

at pH of 8, 10, and 12, the efficiency improved 

from 73.24–82.61%, 80.53–96.15%, and 80.53–

95.11%, respectively. These results aligned 

with a previous study that stated a consistent 

increase in COD removal efficiency along with 

longer electrochemical degradation processes. 

Several previous studies examined the elec-

trooxidation and electrodegradation of textile 

waste, yielding significant insights. For in-

stance, the electrooxidation of textile waste 

with an initial COD of 1,075 mg.L−1, using a 

G/β-PbO2 anode, which achieved a COD remo-

val efficiency of 62.3% [45]. Electrooxidation 

with a BDD anode at pH 2, a current strength 

of 60 mA.cm−2, and a NaCl concentration of 3 

mg.L−1, the result showed that the longer the 

electrooxidation process, the higher the remov-

al efficiency, reaching 95% after 6 h of pro-

cessing for textile waste with an initial COD of 

2,154 mg.L−1 [46]. In a separate investigation, 

the electrodegradation was performed using a 

Ti/β-PbO2 anode under conditions of 5.6 V, 

4000 mg.L−1 NaCl concentration, and pH 6. Af-

ter 4 h of processing, this approach reduced 

COD by 59% and NH3 by 74% [36]. Additional-

ly, an electrocatalytic treatment that employed 

DSA Ti/RuO2 electrodes showed a COD re-

duction of 86.22% and a 94.74% reduction in 

textile color after 124 min of processing at pH 

5.54 and a strong current of 1.37 A [23]. 

The electrochemical degradation of ammo-

nia is carried out through direct and indirect 

anodic mechanisms. In the direct electrochemi-

cal degradation, the pollutant is oxidized after 

being transferred to the anode surface 

(Equation (13)), while the indirect degradation 

occurs in the presence of active chlorine oxidi-

zing agents such as Cl2, HOCl, and OCl- 

(Equations (14) and (15)). 

 

2NH4+ + 6•OH → N2 + 6H2O (13) 

2NH4+ + 3HClO → N2 + 3H2O + 5H+ + 3Cl− (14) 

NH4+ + 4HClO → NO3− + H2O + 6H+ + 4Cl− (15) 

 

According to Figure 9(c), the electrochemical 

degradation time and ammonia reduction effi-

ciency increase simultaneously. This can be at-

tributed to the larger number of active hydrox-

yl radicals and chlorine species generated dur-

ing the process, facilitating efficient degrada-

tion of ammonia, as indicated in Equations (9)–

(11) [47–49]. In a study using RuO2-IrO2-

TiO2/Ti electrodes, ammonia concentration de-

creased linearly with increasing time from 515 

to 0.1 mg.L−1 after 2 h of degradation [50]. 

The electrochemical degradation process 

conducted for 240 min yielded the following 

highest ammonia reduction efficiencies of 

78.76, 84.31, 87.34, and 86.33% for graphite, as 

well as NiO/Ni electrocatalyst, synthesized at 

pH of 8, 10, and 12, respectively. Previous 

studies reported that a Ti/PbO2 anode achieved 

95% conversion of ammonia to nitrogen (N2) at 

pH 5 in wastewater, with only 4.83% convert-

ing to NO3 within 120 min of electrolysis [48]. 

Moreover, N-Doped ZnO Beads (N-ZnB) at pH 

= 6.19 degraded ammonia by 95.75% after 2 h 

of processing [51].  

The reduction efficiency absorbance, COD, 

and ammonia of the NiO/Ni pH = 10 electrocat-

alyst was the highest compared to the others, 

due to the electrodeposition of the NiO/Ni pH = 

10 on the surface graphite electrode which can 

improve the surface area and current respond 

(Figures 1-7), so improve electrooxidation per-

formance of textile waste. After 240 min of 

electrochemical degradation, the COD content 

of textile waste was measured as 592.5, 417.5, 

92.5, and 117.5 mg.L−1 for graphite, as well as 

NiO/Ni synthesized at pH of 8, 10, and 12, re-

spectively. Furthermore, the ammonia content 

after the same degradation time was 20.240, 

14.952, 12.067, and 13.029 mg.L−1 for graphite 

and the three electrocatalysts, respectively. 

Based on the COD levels achieved after 240 

min of electrooxidation, it can be concluded 

that the electrochemical degradation products 

generated using NiO/Ni synthesized at pH of 

10 and 12 enable the safe disposal of textile 

waste into the environment, adhering to the 

waste quality standards defined by the Regula-

tion of the Indonesian Minister of Environment 

and Forestry No P. 16/MENLHK/SETJEN/ 

KUM.1/4/2019. 
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4. Conclusions 

In conclusion, this study successfully syn-

thesized NiO/Ni electrocatalyst through elec-

trodeposition at pH of 8, 10, and 12, as con-

firmed by XRD, FTIR, and SEM-EDX spectra. 

Moreover, NiO/Ni electrocatalysts synthesized 

at pH = 10 exhibited the highest surface area, 

pore volume, and current response compared to 

graphite and other electrocatalysts. The opti-

mal conditions for the electrochemical degrada-

tion of textile waste at pH = 4, 0.05 M NaCl, 9 

volts, and a processing time of 240 min. The 

highest reduction efficiencies achieved for ab-

sorbance, COD, and ammonia using the NiO/Ni 

electrocatalyst at pH = 10 were 96.80, 96.15, 

and 87.34%, respectively. Meanwhile, the low-

est reduction efficiencies were 78.90, 59.70, and 

55.05% respectively, which were obtained using 

graphite. These results highlighted the great 

potential of the NiO/Ni electrocatalyst pH = 10 

for textile waste degradation. 
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