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Abstract 

In order to explore the effect of electrolysis in the treatment of souse industrial organic wastewater,  

the wastewater with different original pH value and current density was electrolyzed respectively. The 

electrolytic wastewater’s chemical oxygen demand (COD) removal rate and instantaneous current 

efficiency (ICE) were chosen as indicators to evaluate the effectiveness of wastewater treatment. The 

experimental results showed that wastewater treatment effect under initial acidic pH was better than that 

of neutral and alkaline conditions. The greater the current density, the higher the removal rate of 

wastewater COD. Oversize current density led to excessive energy consumption and small ICE. When the 

initial pH was 4.9 and the current density was 7.48A/dm2, ICE could reach up to 140.00%, and the effect 

was better. 

 

Keywords: Electrolysis process; organic wastewater; current efficiency; removal efficiency. 

 

1. Introduction 

With the development of the souse industry in China, the treatment of souse wastewater becomes 

cannot be ignored. Souse wastewater has high salinity, high chemical oxygen demand (COD) and other 

characteristics, the effluent water salinity is about 20000mg/L, COD is about 3000~6000mg/L[1]. 

At present, the common methods to deal with the souse industry wastewater can be summarized as the 

physical and chemical method, chemical method, biological method [2-4]. Electrolysis is a kind of 

chemical method; its principle is the use of applied current to produce a series of chemical reactions in the 

wastewater, so that the harmful substances in wastewater are converted into harmless substances [5]. 

Duan Weiyu et al. [6] through the exploration of the electrolytic product of souse wastewater proved that 

the electrolysis method can degrade the organics into water and carbon dioxide. Cheng Yulai et al. [7] 

made a series of experiments on the electrolysis of Slaughter Wastewater, which proves that increasing 

the electrolytic current and time can significantly improve the electrolytic effect. Han Fengxia et al. [8] 

further proves the effect of electrolytic current and time on the electrolysis effect, and puts forward the 

relationship between energy consumption and current.  

In this paper, the Pt-Ir/Ti electrode is used to electrolyze souse industrial organic wastewater 

containing NaCl, and taking COD removal rate and instantaneous current efficiency (ICE) as the index, 

investigating the optimal pH initial value and electrolytic current density of the reaction, and explore the 

relationship between energy consumption and processing efficiency. 
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2. Materials and methods 

2.1. Experiment materials and apparatus 

Electrolysis wastewater is a high concentration organic wastewater, the original COD is about 

10800mg/L, pH is 4.09, and when regulating pH to neutral or alkaline, the COD is about 7000mg/L.  

The experimental apparatus is shown in Fig.1, DC power supply (PMC18-5, KIKUSUI, Japan) 

provide 7.48A/dm2 and 14.96A/dm2 current density. Electrodes are coated with platinum and iridium on a 

titanium substrate (Pt-Ir/Ti electrode), the electrode area is 0.25dm2, and the distance between the two 

electrodes is 3mm, which is placed in parallel. 

 

 

Fig.1 Photo of experiment equipment 

 

2.2. Analysis items and methods 

The determination of COD adopts potassium dichromate method. In order to consider the problem of 

energy consumption, the concept of ICE is introduced, and the relationship between the current intensity, 

the COD removal rate and the energy consumption is established, 

 ICE calculation is as follows: 

 

ICE =
[(COD)t−(COD)t+∆t]

8I∆t
F ∗ V                              (1) 

 

Where, （COD）t——when time is t, the value of COD，g/L; 

（COD）t+Δt——when time is t+Δt , the value of COD, g/L; 

I——Current intensity, A; 

F——Faraday constant, 96487g/mol; 

V——Electrolyte volume, L; 

Δt——time interval, s. 
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2.3. Operation methods 

(1) The effect of initial pH on the processing efficiency 

Add 30g NaCl to 1L wastewater[9], Regulating current density is 7.48A/dm2, electrolysis time is 26h, 

the water samples are taken from 0, 2, 4, 6, 10, 14, 8, 18, 22, 26h, respectively,，testing the value of 

COD[10].The initial value of pH of wastewater was adjusted to 8.00 and 10.00 respectively, repeating the 

above steps.  

(2) The effect of current density on processing efficiency 

Under the initial pH condition, repeating step (1)， investigating the effect of current density 

(7.48A/dm2 and 14.96A/dm2) on the treatment effect. 

(3) Relationship between energy consumption and treatment efficiency 

Based on the effect of current density on the treatment effect, ICE parameter is introduced to discuss 

the relationship between energy consumption and wastewater treatment efficiency. 

 

3. Results and discussion 

3.1. Effect of initial pH on the processing efficiency 

When the current density is 7.48A/dm2, the change of COD under different initial pH is shown in 

Fig.2. At the starting stage in the electrolysis of souse wastewater, COD all has a short rise phenomenon, 

which can be interpreted as the beginning stage of electrolysis, long chain organics is broken and 

decomposed into a large number of short chain organics, so COD slightly increased.  
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Fig.2 Change of COD under different initial pH and current density of 7.48A/dm2 

 

When the initial value of pH is 8.00 and 10.00, electrolysis on wastewater COD removal effect is not 

obvious. This is mainly because the value of wastewater pH is higher, the polymerization product which 

is not soluble in water can be formed on the surface of the anode in the process of electrolytic anodic 

oxidation, finally form a layer of thin film, which will hinder the reaction, and resulting in wastewater 

COD removal is not obvious. 

When the initial value of pH is about 4, electrolysis effect is relatively good, and COD removal rate is 

the highest. The reason is under low pH condition, it is favorable for the generation of H2O2, which is 

conducive to the cathode produce •OH and the removal of organics. At the same time under the 
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condition of high potential, electrolysis in acidic aqueous solution is more conducive to the formation of 

ozone, and promotes the oxidation of organics. 

 

3.2. Effect of current density on processing efficiency 

When the initial pH is 4.09, the current density is 7.48A/dm2 and 14.96A/dm2, the change of 

wastewater COD is shown in Fig.3. When the current density is 14.96A/dm2, the removal rate of COD is 

higher than that of 7.48A/dm2. 
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Fig.3 Change of COD under different current density and initial pH of 4.09 

 

When the current density is large, the COD removal rate is fast and high in the same electrolysis time. 

Due to the increase of current density, the current share of oxygen evolution will be reduced accordingly, 

which is equivalent to increasing the current efficiency of oxygen. Therefore, the amount of Cl2 generated 

on the anode plate can be increased, the concentration of ClO- is increased, and the oxidation resistance of 

the solution is enhanced. And the greater the current density, the more energy is provided, resulting in 

more molecular bond of macromolecular organics breaking and degradation of organics, achieving a 

better treatment effect.  

 

3.3. Relationship between energy consumption and treatment efficiency 

When the initial pH is 4.09, the current density is 7.48A/dm2 and 14.96A/dm2 respectively, the change 

of the current efficiency ICE is shown in Fig.4. 

From the beginning of the electrolytic to 8h, during this time, ICE first rise and then fall, then 

increased slightly and gradually balanced. In the former 6h, ICE was the highest, and COD fell the fastest, 

the reason may be 0~6h stage of the production of intermediate products is relatively easy to be oxidized. 

When the current density was 7.48A/dm2, ICE was significantly higher than that of 14.96A/dm2. So under 

the same initial pH condition, the higher the current density, the higher the COD removal rate, but the 

energy consumption is also increased, instead ICE lower. When the initial pH is 4.9, the current density is 

7.48A/dm2, ICE can reach up to 140.00%, and effect is better. 
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Fig.4 Change of ICE under different current density and initial pH of 4.09 

 

4. Conclusions 

(1)The treatment effect of souse industrial organic wastewater by electrolysis in the conditions of 

acidic is better than that of the neutral and alkaline conditions, the optimal pH initial value range is 

around 4. 

(2)In the range of the initial value of the optimal pH, the greater the current density, the higher the 

COD removal rate. 

(3)When the initial pH is 4.9, the current density is 7.48A/dm2, ICE can reach up to 140.00%, and 

wastewater treatment effect is better. 
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