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Abstract  

In the current work, the capability of uncoated titanium anode in the electrochemical treatment 

of textile wastewater has been investigated with the aim of simultaneously benefiting from 

electrooxidation and electrocoagulation treatment processes. In the present work, the feasibility 

of using uncoated titanium anodes for wastewater treatment is studied in an electrochemical pre-

pilot set-up with polymeric casing and an electrical supply power of 150 W, operated under 

galvanostatic regime in batch mode, focusing on the current density as the main subject of 

assessment, and its performance is evaluated using metrics such as chemical oxygen demand 

removal and specific energy consumption. A noticeable finding of this work, is the flexibility of 

the set-up to combine the electrocoagulation and electro-oxidation mechanisms with the current 

density as the controlling parameter, leading to a remarkable decontamination capability, so that 

reductions in the total chemical oxygen demand as large as 75–80% in the neutral and 90–95% 
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in the acidic environments were achieved. At low current densities (< 100 μA/cm2), the anodic 

corrosion was limited and the electro-oxidation was the dominant wastewater treatment 

mechanism. At high current densities (> 100 μA/cm2), the anodic corrosion was accelerated and 

the dominant wastewater treatment mechanism was switched to electrocoagulation. Along with 

the chemical oxygen demand removal capability, the energetic cost-effectiveness of the set-up 

was a major concern, particularly from the industrial point of view, which was assessed in both 

neutral and acidic environments, and it was realized optimization occurred at 600 μA/cm2, so 

that the specific energy consumption and the rate specific energy consumption, were both 

minimized at this current density, in respective order, 8.9 kWh/kgCOD and 3.52 kWh/kgCOD/h 

in neutral, and 10 kWh/kgCOD and 2.34 kWh/kgCOD/h in acidic environments. 

 

Keywords: Advanced Oxidation Methods, Chemical Oxygen Demand Removal, 

Electrooxidation, Electrocoagulation, Titanium, Corrosion.
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Table 1. Characteristics of the textile wastewater
used for treatment 

Parameter Unit Amount 

Chemical oxygen 
demand 

ppm 600 

pH - 7.5 

Electrical 
conductivity 

mS/cm 6.00 

Color intensity Pt/Co 1430 

HF-8367

L/min

Fig. 1. Schematic of the electrochemical wastewater 
treatment set-up 
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Fig. 2. 3D illustration of the electrochemical cell 
compartments and the electrode stack

Fig. 3. Pictures of typical electrodes used in the 
electrochemical treatment system: A) anode; Ti mesh,

B) cathode; stainless steel 304 mesh 
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Fig. 4. COD removal profile under the neutral pH for 
current densities in the range 100–2500 μA/cm2  

(as indicated in the legend) 

CODpH

μA/cm2

 

L

 2µA/cmpH

pHpH

Cell housing; 
chamber

Electrode stack Cell housing; lid

A B

20 cm

25
 c

m



 dx.doi.org/10.22093/wwj.2022.353528.3280
 

                                   Water and Wastewater 

                                      Vol. 34, No. 1, 2023 

pH

pH

-Martínez Moreira et al., 2017,(

)Huitle and Ferro, 2006

pH

COD

COD

Es(kWh/kgCOD)

E(kWh) = I ∫ V(t)dt
t

0

Es,r(kWh/(
kgCOD

h
))Es,r(kWh. h/kgCOD) 

CODCOD

COD01/ee

 
1 Euler's Number: 2.71828 

 

COD 

pH

μA/cm2

 μA/cm2

COD

COD

COD

Comninellis and Chen, 2010

μA/cm2

COD

μA/cm2



 dx.doi.org/10.22093/wwj.2022.353528.3280 
 

                                   Water and Wastewater 

                                      Vol. 34, No. 1, 2023 

μA/cm2

μA/cm2

μA/cm2

 

μA/cm2

 
1 Trans-Passive 

 Huitle and-Martínez Comninellis and Chen, 2010,(

)Ferro, 2006

 Oturan and Drogui et al., 2007,(.

)Aaron, 2014 

μA/cm2 

 

COD

 

 



 dx.doi.org/10.22093/wwj.2022.353528.3280
 

                                   Water and Wastewater 

                                      Vol. 34, No. 1, 2023 

Fig. 5. Specific energy consumption (kWh/kgCOD) 
 under the neutral pH for current densities  

in the range 100–2500 A/cm2 
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Fig. 6. Corrosion loss (mass% or wt%) of Ti anodes 

under the neutral pH 

pH
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Fig. 7. Overview of the Ti anodes corrosion in the 
electrochemical wastewater treatment set-up: A) 

preliminary corrosion under a low current density, B) 
advanced corrosion under a high current density, C) 

formation of white precipitates at the corroded regions, 
D) magnified view of part C, revealing a foamy slurry 
with micro-bubbles, E) wastewater tank after a high 
current density treatment revealing sedimentation of 

white precipitates 

AB

C
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)1976Kelly, 1982
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Fig. 8. A) Pourbaix diagram (E–pH) of Ti- H2O system at 25 °C with the assumption of Ti oxidation to 
anhydrous specious (Ti2O3 and TiO2), B) Pourbaix diagram of Ti- H2O system at 25 °C with the assumption

of Ti oxidation to hydrous specious (TiO2.H2O and Ti(OH)3). Adopted from the Atlas of Electrochemical 
Equilibria in Aqueous Solutions (Pourbaix, 1974) 
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Fig. 9. E-pH diagram of Ti-H2O system at 25 °C in the 
acidic pH region for Ti oxidation to hydrous specious 
(Ti(OH)3 and TiO2.H2O), with the assumption of: A) 
presence of only Ti ions with an ionic activity of 10-6 and 
absence of any other ions, B) ionic activity of 10-6 for Ti 
and 0.1 for 𝐒𝐎𝟒

𝟐−, C) ionic activity of 10-6 for Ti and 0.1 
for 𝐂𝐥−. Adopted from (Vaughan and Alfantazi, 2004) 
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Fig. 10. Current (or charge) efficiency of the 
electrochemical corrosion in the course of 

electrochemical wastewater treatment
under the neutral pH 

pH 
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COD
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COD
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pH

B

Qcorr/Qe

Fig. 11. COD removal profile under the acidic pH for 
current densities in the range 400–800 μA/cm2  

(as indicated in the legend)
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Fig. 12. A) Corrosion loss (mass% or wt%) of Ti anodes under the acidic pH, B) Current (or charge) efficiency 
of the electrochemical corrosion in the course of electrochemical wastewater treatment under the acidic pH 
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Fig. 13. Specific energy consumption (kWh/kgCOD) 
under the acidic pH for current densities in the 

range 400–800 A/cm2 
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e

COD
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Table 3  Evaluation of the rate specific energy consumption for the electrochemical treatment

of the textile wastewater under various operational conditions 

j 
(μA/cm2) 

pH ts (min) 
CRR (kgCOD/h) 

(×10–4) 
Et,s (kWh) 

(×10–3) 
Es,t 

(kWh/kgCOD) 
Es,r 

(kWh/kgCOD/h) 
100 7.5 ∞ – – – – 
200 7.5 ∞ – – – – 
400 7.5 47.8 4.75 4.21 10.50 8.85 
600 7.5 23.5 9.66 3.40 8.85 3.52 
800 7.5 28.4 8.01 5.00 13.00 6.24 

1000 7.5 24.1 9.43 5.90 15.50 6.26 
2500 7.5 ∞ – – – – 
400 3.0 23.6 4.18 2.10 13.00 5.03 
600 3.0 12.8 7.68 1.80 10.00 2.34 
800 3.0 28.07 3.51 5.00 30.00 14.23 
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