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Tóm tắt: 

 

In recent years, clean water is increasingly scarce due to increased human demand, 

untreated wastewater is the cause of water quality deterioration. The aquaculture industry 

brings benefits in terms of food for humans, but the water sourses can be easily polluted by 

decomposition of redundant aqua feed and organic waste. In this study, saline wastewater 

is treated by electrochemical oxidation with two types of Graphite and Ti/RuO2 electrodes. 

Experiments were conducted to investigate the effect of reaction conditions such as salt 

concentration, current density, electrolysis time and pH on COD removal efficiency and 

electrode activity. Ti/RuO2 electrode showed better handling ability than graphite electrode 

at the same reaction condition. For the optimal efficiency of COD removal and anode 

activity, the electrolysis of saline wastewater is set at 2% salt content, at 45 mA/cm2 current 

density, in 60 minutes reaction , at 6 pH value.  In this condition, COD treatment efficiency 

reached 87.7% (anode graphite) and 92.9% (anode Ti/RuO2), electrode efficiency reached 

0,208 kg/h.A.m2 (anode graphite) and 0,22 kg/h.A.m2 (anode Ti/RuO2). 

Từ khóa: Current density, electrode, environment, graphite, saline wastewater. 

Abstract: 

 

Trong những năm gần đây, nguồn nước sạch ngày càng khan hiếm do nhu cầu sử dụng 

của con người tăng cao, nước thải chưa qua xử lý là nguyên nhân khiến chất lượng nước 

ngày càng suy giảm. Ngành nuôi trồng thủy sản mang lại lợi ích về thực phẩm cho con 

người, nhưng đi kèm với đó là ô nhiễm nguồn nước do thức ăn bị phân hủy, rác thải hữu 

cơ. Trong bài báo này, nước thải nhiễm mặn được xử lý bằng phương pháp oxy hóa điện 

hóa với hai loại điện cực Graphit và Ti / RuO2. Các thí nghiệm được tiến hành để khảo sát 

ảnh hưởng của các điều kiện phản ứng như nồng độ muối, mật độ dòng điện, thời gian 

điện phân và pH đến hiệu suất khử COD và hiệu suất điện cực. Điện cực Ti/RuO2 cho thấy 

khả năng xử lý tốt hơn điện cực graphit ở cùng điều kiện phản ứng. Để đạt hiệu suất xử lý 

COD và hiệu suất điện cực tối ưu, quá trình điện phân nước thải mặn được ưu tiên ở điều 

kiện hàm lượng muối 2%, mật độ dòng điện 45 mA/cm2, thời gian phản ứng 60 phút, pH 6. 

Ở điều kiện phản ứng này, hiệu suất xử lý COD đạt 87,7% (cực dương graphit) và 92,9% 

(cực dương Ti/RuO2), hiệu suất điện cực đạt 0,208 kg/h.A.m2 (cực dương graphit) và 0,22 

kg/h.A.m2 (cực dương Ti/RuO2). 

Keywords: Mật độ dòng điện, điện cực, môi trường, graphit, nước thải mặn. 
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1. INTRODUCTION  

In recent years, the aquaculture industry has 

grown rapidly, contributing to supplementing 

the essential food source, so aquaculture in 

brackish and saline water has been bringing 

great benefits to the people. However, the 

water quality in coastal aquaculture areas, 

especially in industrial models, has shown 

signs of organic pollution (BOD, COD, 

nitrogen, phosphorus). As reported by Unesco, 

about 80% of untreated wastewater has been 

being discharged into the environment [1], 

causing great harm to human health and 

agricultural production.  

Many solutions have been applied to reduce the 

pollution caused by this process, including: 

adsorption, flotation [2], electrocoagulation 

(EC) [3],  electrodeposition, nanofiltration [4]. 

However, each of these methods has certain 

disadvantages such as: expensive, energy 

consuming and time consuming … 

Electrochemical process (EC) is one of the 

new methods applied to industrial wastewater 

and saline wastewater treatment. They have 

some advantages comparing with other 

methods like: high efficiency, felixibility, 

energy-saving, environmental compatibility 

[5-6]. There are many types of anode 

electrodes used in other studies for the 

treatment of saline wastewater from different 

waste sources [7]. In different types of active 

electrodes, Ti-based electrode and various 

oxide coatings such as Ti/RhOx–TiO2, 

Ti/PdO–Co3O4, Ti/PbO2 and Ti/Pt–Ir, have 

been used as anodes for electrochemical 

oxidation of organic waste  [8]. The results 

showed that method was highly effective at 

decomposing organic pollutants. In particular, 

the Ti/RuO2 anode has the advantage of size 

stability and high overpotential of 2.0 V, 

which is the dominant anode in the oxidation 

reactions of saline wastewater [9]. In the part 

of inactive electrodes, graphite in 

electrochemical treatment of saline wastewater 

has advantage of low cost [10]. It has large 

surface area and may result better in the 

attenuation of pollution through the 

combination of adsorption and electrochemical 

degradation. [7].    

In the electrochemical oxidation reactions, 

there are two types of oxidation processes: 

direct and indirect. The direct oxidation takes 

place on the surface of the electrode. The 

indirect one, with the NaCl presence, the 

decomposion of organic pollutants also occurs 

as described in the reaction equation below: 

2Cl → Cl2 + 2e         (1)  

Cl2 + H2O → H+ + Cl + HOCl     (2) 

HOCl ↔ H+ + OCl             (3) 

The generated hypochlorite ions act as   

main oxidizing agent for the pollutant 

decomposion. The COD test is used to 

evaluate the efficiency of wastewater 

treatment. [11-13]. Finding the right reaction 

conditions, in order to obtain high processing 

efficiency, consume less energy, and reduce 

reaction time is necessary. In order to 

optimize the treatment process, the different 

anode materials and reaction conditions were 

investigated. We used two types of graphite 

and Ti/RuO2 electrodes combine with reaction 

conditions: salt concentration, current density, 

pH, the electrolyse time for the COD removal. 

2. MATERIALS AND METHODS  

2.1. Chemicals 

 Kalibicromate and Silver sulphate from 

Merck (Germany). 

 Mercury sulfate, Sulfuric acid, Methylene 

blue, Sodium chloride salt from China. 
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2.2. Electro-oxidation process and reaction 

conditions 

The reactions are carried out in a beaker with 

a solution of 40 (mL), the anode (Ti/RuO2 or 

graphite) and the cathode (stainless steel) are 

spaced 1 cm apart (Fig 1),  with working 

area of 6 cm2. 

The electric power supply was provided by 

D.C. power source with equipped 

current–voltage monitoring and it has a 

maximum amperage 5A. The assumed 

wastewater used is a methylene blue solution 

with an initial COD content of 200 mg/L. The 

pH was adjusted by NaOH (0.1 M) or HCl 

(0.1 M) aliquots by using HACH-HI2211 

equipment. 

The effect of the investigated reaction 

conditions are:  

 NaCl concentration (from 0.5-3%), with 

the constant conditions of: current density - 45 

mA/cm2; pH 6; electrolyse time 60 minutes; 

 Current density (from 15-55 mA/cm2), the 

other conditions are kept constant: NaCl 2%; 

pH 6; electrolyse time 60 minutes. 

CODb CODa
COD(%)

CODb

M M
H 100

M


       (4) 

 pH (from 3-12), with the constant 

conditions of: NaCl 2%; current density 45 

mA/cm2; electrolyse time 60 minutes; 

  Electrolyse time (from 30- 120 minutes), 

with the constant conditions of: NaCl 2%; 

current density 45 mA/cm2; pH 6 

 

Figure 1. Diagram electrochemical oxidation 

2.3. Calculations 

Samples before and after the reaction were 

determined COD (chemical oxygen demand) 

according to section 5220D of Standard 

Methods for the Examination of Water and 

Wastewater. The efficiency of the reaction is 

calculated by the formula below: 

 COD treatment performance was assessed 

according to the formula: 

Inside: 

MCODb : Initial COD concentration (mg/L) 

MCODa : Concentration of COD after treatment 

(mg/L) 

 Anode effiency is calculated by the 

formula: 

M
H

T.I.S
            (5) 

Inside: 

H: electrode efficiency (kg/h.A.m2); 

M: amount of COD removed (kg); 

T: electrolyse time- hours (h); 

I: current (A); 

S: anode working area (m2). 

2.4. Investigate the ability of the electrode 

to different initial COD content 

Different concentrations of organic matter to 

be treated will affect the electrode's 

processing performance. Initial COD content 

with concentrations: 300, 400, 500 mg/L was 

oxidized under optimal conditions from 

previous experiments. 

 Salt content: 2%; 

 pH solution: 6; 

 Current density: 45 mA/cm2; 

 Reaction time: 60 minutes.  



KHOA HỌC & CÔNG NGHỆ 

32                                   TẠP CHÍ KHOA HỌC & CÔNG NGHỆ . SỐ 38 - 2023 

3. RESULTS AND DISCUSSION 

3.1. Effect of NaCl concentration  

In this experiment, the concentration of NaCl 

was increased from 0.5 to 3,0 %. Other 

conditions are keept constant: pH 6; current 

density 45 mA/cm2, electrolyse time 60 

minutes. Data of figure 2 showed that both 

types of electrodes are able to decompose 

methylene blue even in the low NaCl 

concentration (0.5%), after 60 minutes of 

electrolysis the COD index has decreased 

from 200 mg/L to approximately 22 mg/L (for 

anode graphite) and 10 mg/L (for anode 

Ti/RuO2). Amount of COD reduction was 

found to be directly proportional to the salt 

concentration. This trend probably could be 

attributed to the increased level of generation 

of chlorine and hypochlorite when the salt 

concentration is increased [14].  
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Figure 2. Effect of NaCl concentration on COD 

removal efficiency of electrode 

During electrochemical oxidation, NaCl plays 

an important role in creating strong indirect 

oxidizing agents (Cl2, ClO- ...) from reactions 

on the anode electrode surface according to 

reaction equations 1-3. These oxidizing agents 

have a strong oxidizing effect on organic 

matter in wastewater [15]. 

2Cl → Cl2 + 2e            (1) 

Cl2 + H2O → H+ + Cl + HOCl    (2) 

HOCl ↔  H+ + OCl          (3) 

Similarly, the electrode's efficiency at 

different salt concentrations are shown in 

figure 3. Its shows that, the electrode 

efficiency also increases as the NaCl 

concentration increases. 
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Figure 3. Effect of NaCl concentration on anode 

efficiency  

Under research conditions, when increasing 

NaCl concentration from 0.5% to 2%, COD 

treatment efficiency and electrode efficiency 

both increase strongly, when NaCl 

concentration increases to 3%, COD treatment 

efficiency is only slight increase. Therefore, 

the 2% NaCl salt concentration was selected 

for the next experiments. 

3.2. Effect of curent density 

The investigative experiments are carried out 

under the following conditions: current 

density are varied from 15-55 mA/cm2; other 

experimental conditions kept unchanged 

include NaCl concentration 2%, pH 6, and 

reaction time 60 minutes. Experimental results 

are shown in Figure 4-5.  

The results obtained in Figure 4 show that for 

both electrodes, COD treatment efficiency 

increases with increasing current density, 
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which may explain the increasing electrolytic 

current increasing the number of effects 

oxidizing agents formed, such as Cl2, HClO  

or OH• [7]. Increases in current density 

decreased the anode efficiency of both anode 

electrodes. From the above results, a current 

density of 45 mA/cm2 was chosen as the most 

optimal condition for both electrodes. 
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Figure 4. Effect of current density on COD treatment 

efficiency 
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Figure 5. Effect of current density on the anode 

efficiency 

3.3. Influence of initial pH 

In this experiment, pH value changed from 

3.0 to 12 with an increment of 3. NaCl 

concentration, current density and electrolyse 

time were kept constant at 2% of NaCl, 45 

mA/cm2 and 60 minute of reaction. The data 

are shown in the figure 6 and 7. 

The pH at 3, main oxidizer was Cl2. From 3-8, 

the dominant was HClO and the ClO− 

increased if pH was above 8. Because HClO 

(E◦ = 1.49 V/SHE) and Cl2 (E◦ = 1.36 V/SHE) 

showed a higher redox potential than ClO− (E◦ 

= 0.89V/SHE), the process oxidizing organic 

matter in acidic environment was more 

effectively than in alkaline environment [14]. 

That explained why the COD treatment 

efficiency of graphite electrode decreased 

from 88.2% (pH 3) to 77.7% (pH 12). For 

Ti/RuO2 electrodes, the treatment efficiency 

was 91.3% and 80.3%.  
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Figure 6. Effect of pH on COD treatment  
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igure 7. Effect of pH on electrode effiency  

3.4. Influence of electrolyse time 

The reactions are performed with reaction 

times of 30, 60, 90 and 120 minutes. Other 

conditions kept constant include salt 

concentration of 2.0%, current density 45 

mA/cm2, pH 6. The result of the reaction is 

shown in the figures 8 and 9. 

From those graphs, the COD removal 

efficiency of both electrodes increased with 
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electrolyse time, while the electrode 

efficiency value decreased. After 120 minutes 

of electrolysis, COD removal efficiency 

reached 95.45% for graphite anodes and 

98.82% for Ti/RuO2 anodes.  
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Figure 8. Effect of electrolyse time on COD 

treatment efficiency  
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Figure 9. Effect of electrolyse time on electrode 

performance 

The COD removal efficiency of both 

electrodes increased rapidly during the 

reaction time from 30-60 min. After that, 

continuing the reaction process, the COD 

treatment efficiency increased more slowly. 

While, the performance of both electrodes 

decreased with increasing reaction time.The 

experimental results show that: The best 

conditions for electrochemical oxidation to 

treat 40 mL of methylene blue solution with 

an initial COD of 200 mg/L are as follows: 

 Salt concentration: 2%; 

 pH solution: 6; 

 Current density: 45 mA/cm2; 

 Reaction time: 60 minutes. 

In this condition, COD treatment efficiency 

reached 87.7% (anode graphite) and 92.9% 

(anode Ti/RuO2), electrode efficiency reached 

0,208 kg/h.A.m2 (anode graphite) and 0,22 

kg/h.A.m2 (anode Ti/RuO2).   

From the obtained results, the Ti/RuO2 

electrode for COD treatment was more 

efficient in comparison with the graphite 

electrode. In the indirect oxidation reactions, 

the Ti/RuO2 electrode was able to produce 

number of highly reactive radicals like 

hydroxyl radicals (OH•) that help in-situ 

oxidation of organic pollutants [9]. 

3.5. Investigate the ability of the electrode 

to different initial COD content 

From the results obtained in section above, 

further surveys were conducted with initial 

COD content of 300, 400 and 500 mg/L, the 

reactions were carried out under optimal 

conditions as follows: 

 Salt concentration: 2%; 

 pH solution: 6; 

 Current density: 45 mA/cm2; 

 Reaction time: 60 minutes.  

Experimental results are presented in Table1. 

Table 1. COD treatment results of electrodes with 

different initial COD contents 

COD 

initial 

(mg/L) 

Graphite Ti/RuO2 

COD 

(mg/L) 

Anode 

effiency 

(kg/h.A.m2) 

COD 

(mg/L) 

Anode 

effiency 

(kg/h.A.m2) 

300 46,791 0,234 87,102 0,266 

400 63,446 0,208 78,185 0,238 

500 81,840 0,180 70,362 0,214 

In the treatment of saline wastewater with an 

initial COD content of 200 mg/L, the use of 

Ti/RuO2 and Graphite electrodes for treatment 
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efficiency is almost equivalent. In particular, 

Graphite electrode is preferred because of its 

low cost, short time and lower current density 

than Ti/RuO2 electrode.  
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Figure 10. COD removal efficiency with the different 

of initial COD content 

Reaction conditions for removal of organic 

pollutant current density of 45 mA/cm2, salt 

concentration 2%, and electrolysis time of 60 

minutes at neutral pH are believed to be better 

for reduced COD requirement and anode 

efficiency. 

4. CONCLUSIONS 

In the treatment of saline wastewater with an 

initial COD content of 200 mg/L, the use of 

Ti/RuO2 and Graphite electrodes for treatment 

efficiency is almost equivalent. In particular, 

Graphite electrode is preferred because of its 

low cost, preferred reaction in the short time 

and lower current density than Ti/RuO2 

electrode. Reaction conditions for removal of 

organic pollutant current density of 45 

mA/cm2, salt concentration 2%, and 

electrolysis time of 60 minutes at neutral pH 

are believed to be better for reduced COD 

requirement and anode efficiency. 
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