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Abstract 

The eco-friendly ionic liquid 1-(2-ethoxy-2-oxoethyl) pyridazinium chloride's (EOPC) 

newly synthesised electro-oxidation behaviors of boron-doped diamond (BDD) and 

SnO2 in an alkaline media were compared using galvanostatic electrolysis. Various 

pyridazinium and alkaline concentrations were studied. In addition, the temperature, and 

density current effect of pyridazinium oxidation were investigated. The BDD showed a 

higher activity toward pyridazinium oxidation than the SnO2. This is mainly due to the 

higher characteristics and the relatively inert nature of the BDD. The bulk electrolysis 

tests have shown that the complete removal of COD can only be achieved using a 

boron-doped diamond and that SnO2 only permits a partial oxidation of pyridazinium. 

On the basis of the chemical oxygen demand (COD) evolution released during the 

treatment, a total mineralization has been proposed. Finally, electrolysis has been 

performed in the presence of NaCl. Based on these results, it is concluded that BDD has 

less poisoning effects and higher activity than SnO2 for the selective electro-oxidation 

of pyridazinium. 
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Introduction 

Effluents from textile and paper industries contain large quantities of organic 

compounds and reactive dyes. These nonbiodegradable pollutants must be treated 

before water discharge. The commonly employed methods for color removal are 

adsorption [1], coagulation [2], chemical oxidation with ozone [3] and advanced 
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oxidation processes. [4–6]. However, these processes are quite expensive and 

involve several operational problems. For these reasons, there has been an 

increasing interest in the use of new methods such as electrochemical oxidation 

[7-8]. Many studies have been carried out on the electrochemical treatment of 

organic compounds and several anode materials have been tested. However, 

some of them have been shown to rapidly lose efficacy due to surface fouling, 

while others have only selectively oxidized pollutants without their complete 

incineration. Complete mineralization of organics to CO2 has only been obtained 

using high oxygen overvoltage anodes, such as SnO2 [9-10], PbO2 [10–12] and 

BDD [13]. These electrodes produce hydroxyl radicals from the water discharge 

on their surfaces. For these kinds of electrodes, very high current efficiencies 

may be obtained, and higher mineralization of the organic compounds can be 

achieved. However, a common drawback of SnO2 and PbO2 is a short service-life 

[14], while BDD anodes have good chemical and electrochemical stability (even 

in strong aggressive media), long life, and a wide potential window for water 

discharge. It has been demonstrated that many biorefractory compounds such as 

phenols [15-16], chlorophenols [11,17,18], pesticides [19-20], and industrial 

wastes [21] can be completely mineralized with high current efficiency, even 

close to 100%, using BDD anodes. Pyridazinium was chosen as a model 

substrate because it was largely used in the production of azo-dyes but was 

biorefractory. The chemical oxidation process, such as with ozone [25], has some 

drawbacks including the production of large quantities of sludge or the high cost 

of ozone. The aim of this work was to investigate and to compare the behavior of 

BDD and SnO2 anodes during the bulk oxidation of pyridazinium. Furthermore, 

the influences of the main operating parameters, such as current density, 

concentration and temperature affecting pyridazinium oxidation, have been 

investigated for each electrode. The chemical structures of the studied 

pyridanium ionic liquids are given in Fig.  1. 

 

 
Figure 1. Chemical structure of the studied pyridazinium ionic liquid. 

 

Materials and methods 

Electrolytic system 
Electrochemical measurements were performed using a computer controlled by a 

potentiostat/ galvanostat model PGZ 100 associated to the ‘‘Volta-Master 4’’ 

software. A conventional three-electrode cell (100 cm
3
) thermo regulated glass 

cell was used (Tacussel Standard CEC/TH). The anodes were a square plate of 

BDD and SnO2 electrodes with an effective surface area of 1 cm
2
 (per electrode), 

whereas the cathode was a platinum electrode, with the gap between electrodes 
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being 0.5 cm. A saturated calomel electrode was used as a reference. 

Galvanostatic electrolysis was carried out with a volume of 75 cm
3
 of an aqueous 

solution of 5 ppm of pyridazinium. The range of applied current was 10–80 

mAcm
-2

 and samples were taken at predetermined intervals during the 

experiment, and submitted for analysis. All tests were performed at (25 ± 3) °C 

in magnetically stirred and aerated solutions. In all cases, sodium chloride was 

added to the electrolytic cell at different concentrations. The chemical oxygen 

demand (COD) measurement during the processing permitted the evaluation of 

the kinetic of organic matter decay and the mineralization efficiency. COD was 

determined by the dichromate method. An appropriate amount of the sample was 

introduced into the prepared digestion solution (0-1500 mg O2.L
-1

 ) containing 

potassium dichromate, sulfuric acid and mercuric sulfate and the mixture was 

then incubated for 2h at 150 °C in a COD reactor (WTW CR 3200 

thermoreaktor, Germany). COD concentrations were measured calorimetrically 

using the AFNOR method. 

 

 

Results and discussion 

Electrolysis on SnO2 anode 
Effect of current density 

Fig. 2 shows the trend of the COD/COD0 ratio and the current density during the 

anodic oxidation of 5 ppm of pyridazinium on the SnO2 electrode at different 

current densities [26-28]. 

 

 
Figure 2. Influence of the current density on the oxidation of pyridazinium (T: 25 °C, 

NaCl: 0.1 g/L and [pyridazinium] = 5 ppm). 
 

At low current density (< 80 mAcm
−2

) the kinetic rate and COD removal were 

lower due to an increase in the parasitic reaction [29]. 

 

Effect of the initial pyridazinium concentration 

Fig. 3 shows the effect of the initial concentration of pyridazinium on the trend of 

COD removal during galvanostatic electrolysis (80mAcm
−2

) at 25 ºC. 
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Figure 3. Effect of initial concentration of pyridazinium (T: 25 °C, NaCl: 0.1 g/L and 

current density: 80 mA/cm
2
). 

 

 
Figure 4. Kinetic analysis for the pseudo first-order reaction of pyridazinium during the 

electrochemical degradation at different time intervals under optimal conditions 

([pyridazinium] = 5 ppm, NaCl: 0.1 g.L
−1

, current density: 80 mA cm
−2

). 

 

It can be observed that the degradation increases with the decrease of 

pyridazinium concentration. Furthermore, this indicated that the oxidation is 

under mass transport control (in respect to the theoretical model developed by 

Panizza & Cerisola) [13]. The variation of COD with time (see Fig. 3) showed a 

pseudo first-order kinetic, typical of reactions controlled by mass transport. Fig. 

4 shows that ln COD0/COD increases linearly with time, confirming a mass 

transport process [26-29]. 

 

Effect of temperature 

Fig. 5 shows the influence of temperature on the variation of COD removal, 

during galvanostatic electrolysis (80 mAcm
−2

). 
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Figure 5. Effect of temperature on the oxidation of pyridazinium by SnO2  

([pyridazinium] = 5 ppm, NaCl: 0.1 g/L and current density: 80 mA/cm
2
). 

 

The analysis of this figure shows that COD removal increased when the 

temperature is close to 25 °C. However, at the temperature of 65 ºC there was an 

anomaly during the first 60 min of electrolysis; this result can be probably 

explained by the oxidation of pyridazinium on the SnO2 anode, achieved at a low 

temperature [27]. 

 

Electrolysis on BDD anode 
Effect of current density 

Fig. 6 shows the trend of the COD during the oxidation of 5 ppm of pyridazinium 

at BDD electrode at different current densities. An increase of the current density 

resulted in an increase of the oxidation rate, similar to the result found at the 

SnO2 anode [26-29]. 

 

 
Figure 6. Influence of the current density on the oxidation of pyridazinium (T: 25 °C, 

NaCl: 0.1 g/L and [pyridazinium] = 5 ppm). 
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Figure 7. Effect of initial concentration of pyridazinium (T: 25 °C, NaCl: 0.1 g/L and 

current density: 80 mA/cm
2
). 

 

Effect of initial pyridazinium concentration 

Fig. 7 shows the trend of the pyridazinium concentration during the oxidation of 

pyridazinium on BDD at 80 mAcm
−2

. This figure reveals an evolution similar to 

that obtained on SnO2 when the degradation rate was more significant as the 

concentration was smaller [28]. In other terms, the kinetics of degradation of 

pyridazinium were controlled by a pseudo first-order kinetic as in the case of the 

SnO2 anode (Fig. 8). 

 

 
Figure 8. Kinetic analysis for the pseudo first-order reaction of pyridazinium during the 

electrochemical degradation at different time intervals under optimal conditions 

([pyridazinium] = 5 ppm, NaCl: 0.1 g.L
−1

, current density: 80 mA cm
−2

). 
 

Effect of temperature 

Fig. 9 shows the variation of COD according to the time of electrolysis of the 

pyridazinium at various temperatures. 

Fig 9 also shows that the lower the temperature the better the resulting oxidation. 

With a temperature of 25 ºC, the pyridazinium mineralization was reached at the 
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end of 180 min around 92% while at a temperature of 65 ºC, mineralization was 

reached at the end of 180min around 24.5%. This shows that the more the 

temperature was low (<65 °C) the more the oxidation of the organic pollutant 

was effective [29]. Fig. 2-9 show the comparison of the oxidation of 

pyridazinium using SnO2 and BDD anodes at different current densities, 

temperatures and different concentrations of pyridazinium . It can be observed 

that after 180 min, the percentage removed of COD can reach 92% on a BDD 

anode, whereas it was only about 83% on an SnO2 anode. This result can be 

related to the adsorption properties of these two materials. In fact, it is well 

known that the BDD anode has weak adsorption properties, compared with the 

SnO2 anode. Thus, hydroxyl radicals electrogenerated on the BDD anode were 

very weakly adsorbed and consequently more reactive towards organic oxidation 

reactions [22]. We can conclude that the BDD anode was the most effective 

electrode to degrade the pyridazinium [26]. 

 

 
Figure 9. Effect of temperature on the oxidation of pyridazinium ([pyridazinium] = 5 

ppm, NaCl: 0.1 g/L and current density: 80 mA/cm
2
). 

 

 

 

Conclusions 

In this paper, the electrochemical oxidation of pyridazinium has been studied on 

two different anode materials: BDD and SnO2. The results of bulk electrolysis 

performed under different experimental conditions have shown the following: 

- Using the SnO2 and the BDD anodes, the mineralization of pyridazinium was 

obtained independently of the applied current density, due to the production of 

hydroxyl radicals on the electrode surface during electrolysis in the potential 

region of water oxidation. 

- Pyridazinium oxidation was a diffusion-controlled process and faster COD 

removal was obtained at higher current densities. 

- A comparison of the data obtained with the two electrode materials, each at its 

optimum experimental conditions, showed that faster pyridazinium 
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mineralization and higher current efficiencies were achieved using the BDD 

anode. 

- Pyridazinium oxidation at 25 °C significantly improved the percentage of 

pyridazinium elimination. 

- The results of bulk electrolyses  confirm the advantages of the BDD over those 

of the  PbO2. 
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