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1. Introduction 
Sodium hypochlorite is widely considered as an important oxidizing agent and mediator in wastewater 
and/or water treatment and organic synthesis [1]. It is a best antiseptic on the worldwide market and it 
is now becoming the most chemical present in several houses. NaOCl is a substance widely and 
effectively used for water disinfection, surface purification, odor removal [2]. It is also known as an 
important oxidant in organic synthesis. The industrial solution of NaOCl is clear, of very pale yellow 
colour, with the characteristic odour of chlorine. In-situ produced hypochlorite was used for anodic 
oxidation of dye molecules and phenols in the wastewater [3–6]. It has numerous advantages namely: 
simple dosage, safe storage and transportation and leaves no residual effluent [7]. Besides ozone, 
hypochlorite has the greatest power to kill germs which can cause dangerous diseases like: cholera or 
typhoid fever [8]. NaOCl offers a better advantage because it is able to eliminate 99% microbe’s forms 
in water. Industrially, the production of hypochlorite solution is evaluated at 600,000 tonnes per year. 
NaOCl is essentially produced by two methods: chemical and electrochemical. The most process 
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The purpose of this study was to produce a low-cost sodium hypochlorite’s solution from 
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manganese dioxide electrode was prepared by the sol-gel process and has been used as anode 
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employed for its production in industry is the electrochemical process because it is easy to implement 
[9,10]. Moreover, the electrochemical pathway has a better effectiveness and makes it possible to obtain 
in great quantities [11]. 
 Usually, in industry, the technique of production of chlorine gas is the electrochemical technique, 
which explains the significant number of studies concerning the electro-generation of hypochlorite on 
the spot of use [7]. The electrochemical production of sodium hypochlorite represents the best method 
to obtain a pure product. To have a good production, it is necessary to optimize the electrochemical 
process with the optimal of electrocatalytic electrodes (cathode and anode), the gap between electrodes, 
the temperature of electrochemical cell. It is very important for the product stability during a long period, 
avoid the presence of heavy metal ions and particularly impurity-like: carbon micro-powders in 
suspension etc. A rigorous control of the pH, of the final product is necessary for the optimal disinfection 
power of the hypochlorite solution. he electrolysis of brine, chlorine is mainly generated at the anode 
while hydrogen and caustic soda are produced at the cathode [12,13] . 

Anode: 2Cl- →  Cl2 + 2e-                                                                                                       (1) 

Cathode: 2H2O + 2e- →   H2 + 2OH-                                                                                     (2) 

It’s possible to recover chlorine gas by separating the two electrodes by an exchanging membrane ion, 
this process is commonly called electro-dialysis. In the absence of a membrane, OH- diffuse towards the 
anode and there, the reaction of formation of the sodium hypochlorite takes place following the Eq. (3). 

Cl2 + 2NaOH →  NaClO + NaCl + H2O                                  (3)  
Electrosynthesis of NaClO is preferred due to the environmental hazard associated with the storage and 
transportation of liquid chlorine. It is now becoming popular for users to produce their own hypochlorite 
solutions by means of undivided electrolytic cells by direct electrolysis of weak brine or seawater [11]. 
However, this product is seldom produced in the countries where the residents suffer from waterborne 
diseases and where it is difficult to import and to distribute 1. 
During the process, anode material plays an important role because it is the seat of chlorine evolution 
reaction (CER). Thus, the development of electrocatalysts for this anodic process is an interesting topic. 
To obtain high current efficiency, electrolytic preparation of hypochlorite is necessary to reduce energy-
loss reactions. The choice of an anode material of satisfactory longevity in the economic plan constitutes 
a difficult point. Metallic oxide coatings have been studied and developed since 1969 [16]. Also called 
Dimensionally Stable Electrode (DSE), it consists of titanium; substrate covered with an oxide coating 
layer that is mainly made up of platinum group metals. These electrode materials for the production of 
sodium hypochlorite are used as an anode to generate chlorine in an electrolysis process that uses 
seawater and diluted brine in an electrolysis bath. Among these materials, the most used are Pt/RuO2, 
Ti/SnO2, Ti/Ta2O5, Ti/RuO2, Ti/IrO2, Ti/PtOx, Ti/ZrO2, Ti/RuO2-IrO2 [1,14–16]. RuO2-TiO2/Ti anode 
presents the best electrocatalytic activity among all kinds of DSE [17,18] for NaOCl production. Both 
IrO2 and RuO2 having rutile structure, have been widely used in industries. On the other hand, this 
technology is relatively expensive based on the raw materials (metal oxides, substrates Ti or Pt), they 
are extremely infrequent in some countries. Moreover, these metallic oxides are harmful to the 
environmentGraphite is considered as active anodes and is one the most used material having much 
higher electrocatalytic power for oxidizing chloride ions than for generating reactive oxygen species. 
The choice of carbon in this study can be justified by its abundance in nature in various forms, its 
chemical inertia and its moderate cost. Carbon-based materials are widely used in electrochemical like 



Teguia et al., J. Mater. Environ. Sci., 2021, 12(3), pp. 442-454 444 
!

energy [18,19], electrosynthesis [1], wastewater treatment [21], and so on. However, it is important to 
note that in most study it is used as a substrate [22]. Manganese dioxide offers some good 
electrochemical properties, because it has some excellent anti-corrosion properties in several media, 
good compatibility with the environment and it is low cost [23]. Furthermore, MnO2 material have 
received a substantial amount of recent attention due to their distinct structure–property relationships in 
multiple fields, eg, energy [24], electrocatalysis [25], and Biomedical [27] etc. Furthermore, Mn is the 
twelfth most common element on the planet and the third most abundant transition element after iron 
and titanium. Consequently, MnO2 has attracted attention for use as an insoluble anode both for chlorine 
evolution and oxygen evolution and is regarded as a DSE material with a bright future [16]. However, 
the chlorine solutions were produced from graphite anode. During the process, these electrodes are 
degraded into CO2 and/or CO [5,10,26]. Thus, considering the cost of various materials used for the 
production of this substance, we orientated our idea for the utilization of low-cost materials (graphite 
from recycled batteries and manganese dioxide) in order to develop an anode material. In literature, 
several novel and effective routes have been devoted to prepare manganese oxide nanomaterials with 
various shapes and excellent properties, such as chemical vapor deposition [27], spray-pyrolysis [28,29], 
pulverization [30], electrodeposition [20], sol-gel [31–33]. In sol-gel process, the materials are obtained 
from solution via gelation. But the high homogeneity of constituent elements and the mild processing 
conditions of the sol-gel synthesis, such as moderate preparation temperatures, also makes it possible to 
obtain unique materials, not accessible with other techniques [34,35]. The sol-gel process does not 
require any grinding procedures to achieve homogeneous single-phase ceramics, thereby avoiding a 
potential source of contamination [36]. This, along with the purity of the precursors, makes the sol-gel 
process an excellent method for making high purity material. Jiang et al., [22] reported that when 
manganese oxide nanoparticles are deposited onto carbon based-material (graphite), its electrochemical 
active surface area and number of active sites increase and lead to improve the performance of MnO2 
catalysts. For this purpose, oxide nanoparticles prepared from alkoxide precursors are of great interest, 
and is one of the most important of the technological applications of the sol-gel processing. The aim of 
this paper is to produce sodium hypochlorite at low cost from manganese oxide deposited on graphite 
substrate (C/MnO2). C/MnO2 was used as anode for the generation of NaOCl brine solution. Different 
operating conditions and factors affecting the production process of NaOCl were studied and optimized. 

2. Material and Methods 
2.1. Material and methods  
In this study, the main material used was graphite. The samples of graphite tube were obtained from the 
recycling of used batteries. Indeed, alkaline batteries contain manganese dioxide, graphite, steel and 
zinc. Thus, the used batteries Tiger Head brand (type R20 UM-1) were collected and shredded to recover 
the samples of graphite. These samples having apparent density of 1.63 g cm-3 and an effective area 
12.058 cm2. Sodium chloride, sodium sulfate, sodium hydroxide, sulfuric acid, sodium thiosulfate, 
potassium permanganate and potassium iodide were of analytical grade and were purchased from Merck. 
MnCl2.4H2O and isopropanol were purchased from Prolabo. All the chemicals were used as received. 
 
2.2. Electrode preparation  
The substrates must be deprived of grease and stripe to ensure a uniform thickness of the layer deposited. 
Firstly, graphite samples were washed using acetone. Secondly graphite was sandblasting in alumina 
during five minutes and thirdly, the supports were treated by the chemical treatment in oxalic solution 
10% during 45minutes and dried at 105℃ for 5 min [37]. After that, the substrate is ready to receive 
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doped MnO2. The precursor solution of manganese dioxide was prepared dissolving an amount of 
manganese chloride (MnCl2.4H2O) in 50 mL of isopropanol, the mixture is heated at 80℃ in a refluxing 
process during 45min. Then, a permanganate solution (0.189mol/L) was added fast in the mixture. 
Afterwards, 5mL of acetic acid was added in the medium after 2 hours. Thus, after 4 hours of refluxing, 
heating; the dark-brown solution was obtained. This preparation-based method was reported by Lin et 
al. [38] and Sheng et al. [39] with modification. 
After pretreatment of substrate, the solution of MnO2 has been deposited on the graphite substrate. The 
material is dried at 105℃ for 15min and burned at 400℃ for 5 min in furnace for the deposition of one 
layer. The previous steps were repeated sometime. After deposition of the later layer, the material was 
burned at 400℃ for 2h. This temperature is selected in the aim to obtain the manganese dioxide most 
stable. 
 
2.3. Implementation of the electrochemical cell used in sodium hypochlorite production  
In this study, the experiments were carried out in a 150 mL Pyrex cylindrical glass cell with the brine 
solution. A constant agitation was assured by the magnetic stirrer XANXIN. A titanium plate with an 
effective area of 3.5cm2 was used as the cathode. The elaborated electrode was the anode (C/MnO2). 
The electrodes were connected to a D.C power supply DIDALAB including a voltmeter and an ampere 
meter. A more detailed description of the electrolysis and a design of this electrochemical cell are 
illustrated in Figure 1 below. The operating electrolysis was carried out under the following condition: 
current intensity, 0.2-1.0 A; pH 2-12, temperature, 10-40°C, and the concentration of NaCl solution, 50-
300 g.L-1, the time of electrolysis ranged from 15 to 75 min and the distance between the two electrodes 
(anode and cathode) varies from 0.5 to 1.5 cm. The main physicochemical characteristics of the sodium 
hypochlorite solution are: pH, density, and active chlorine concentration.  

 
Figure 1: Different steps of the process 

 
2.4. Kinetic study of the production of active chlorine  
The different tests are carried out by using well-known volumes of distilled water containing a fixed 
concentration of brine. The initial active chlorine concentration in the prepared solution was measured 
at the beginning of each test. The mixture in the cell is carried out using a magnetic stirrer. The intensities 
of D.C. current (0.2, 0.4, 0.6, 0.8, 1A), were fixed by a D.C power supply. In order to follow the kinetic 
of active chlorine production, the samples of 10 ml were collected from the cell every 15 min for active 
chlorine determination following standard procedures [40]. 
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2.5. Active chlorine determination 
Active chlorine is the sum of the concentrations of the species NaClO, Cl2 and ClO- in a sodium 
hypochlorite solution. It is determined by reacting liquid bleaches with iodides and treating iodine 
produced with a measured excess of thiosulfate solution previously standardized calorimetrically [41]. 
 
3. Results and Discussion  
3.1. Kinetic active chlorine production  
The kinetics active chlorine production was carried out on two anodes: graphite (Figure 2.A1) and the 
elaborated anode (Figure 2.B1). Thus, the results are represented on the following figures.  

 

Figure 2: Kinetic active chlorine production (A1) on C anode and (B1) C/MnO2 anode, Active chlorine rate dependence 
on current intensity at pH 10 (initial chloride concentration 300g/L, electrolyte volume 150 cm3) (A2) on C anode and (B2) 

on C/MnO2 anode. 

In the pH range of 6-9, active chlorine is mainly formed from HClO and ClO– [42]. Under our operating 
conditions, active chlorine is the term used to denote the sum of hypochlorous acid (HClO) and the 
hypochlorite anion (ClO-). 
Results show that the evolution of the active chlorine concentration according to time for imposed 
intensities,  an intensity of 0.2A, it is very weak although increasing. On the other hand, for an intensity 
of 0.4A, the active chlorine concentration increases, time also increases for the sixtieth minutes of 
electrolysis then tends towards a stage. Whereas for an intensity of 0.6A, the concentration grows with 
the increase in time. Figure 2.B1 shows that the concentration of active chlorine grows with time. This 
is for all the imposed intensities. Nevertheless, it is significant to notice that for an intensity of 0.2A, the 
production of active chlorine is higher for C/MnO2 anode. The increase of active chlorine production 
could be due to an increase of material conductivity because the manganese dioxide deposited on 
graphite increases the conductivity of the material. We also note that after sixty minutes of electrolysis, 
the active chlorine concentration does not more have the same speed of active chlorine concentration 
this for all the intensities. 
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This state which seems to be stationary can be attributed to a deficiency in chloride ions. This with a 
time, or by a certain existing balance between the rate of production (Vp) and the rate of decomposition 
(Vd) of active chlorine. During electrolysis, we saw the continuous consumption of chloride ions. Given 
that the conductivity of the brine is a function of the ionic species present in the solution, and active 
chlorine concentration according to the conductivity. The impoverishment of the medium in chloride 
ions will have as consequence the reduction of active chlorine concentration. This is because the 
conductivity of the solution was reduced Marc-Andre [11].The second assumption must also be taken 
into account, because during electrolysis, the temperature of water increases, which is favorable to the 
decomposition of active chlorine [9]. The decomposition reaction of the active chlorine carries away the 
formation of chlorates ions and hydrochloric acid in solution. This reaction is also called parasitic 
reaction because the consumption of active chlorine gives two, not desired species (eq.7).  

ClO- + 2HClO  →  ClO3
- + 2HCl                                                                                     (7) 

When the two anodes are used into the same operating conditions, the optimal time of active chlorine 
production is sixty minutes. For the C anode, an intensity of 0.6A and C/MnO2 anode an intensity of 1A.  
From these results, the kinetics of active chlorine production (Vp) was given according to the different 
current intensities between 0.2 and 0.6A for the C anode and 0.2 and 1A for the C/MnO2 anode for a 
chloride ions concentration of 300g L-1 and a time of 60 min. 
From the two graphs above (Figure 2.A2 and Figure 2.B2), the production rate of active chlorine increases 
almost linearly with the current intensity. The slope of each graph Fig 2.A2 and Fig 2.B2 respectively 
indicate a production rate of 3638.8 mg.h-1 A-1 (C) and 17504 mg.h-1.A-1 (C/MnO2).  
Kraft and co-workers [10], studied the kinetics of active chlorine production starting from an electrolytic 
cell using iridium oxide electrode and current intensities (2, 5, 10 and 20A).The electrolyte was a 
demineralized water containing 150mg L-1 in chloride ions concentration. They obtained a production 
speed of 60 mg h-1A-1. Likewise, Marc-Andre used the same electrode, same current intensities, but the 
brine concentration was 1800 mg L-1 and he obtained a production speed of 1565 mg h-1A-1.These 
different values are far from that obtained in the present study. This difference could be mainly due to 
the initial concentration of chloride ions but also the current intensities used in the three studies. In the 
present study, a concentration of 300 g L-1 was used compared to Kraft and co-workers, [10] which was 
of 150mg L-1 and to Marc-Andre [11] which was of 1820 mg L-1. Indeed, the increase of chloride ions 
concentration in the brine carry away a larger dispersion of the ions and thereafter the conductivity of 
the solution. Thus, when the conductivity of the saturated solution of NaCl increases, the chlorine active 
production increases [26]. If we consider the electrolysis definition which is ‘‘a process whereby 
electrical energy is transformed into chemical energy in order to carry out chemical reactions’’, the 
intensity of the current plays a significant role in a process of electrolysis. Indeed, the current intensity 
increases, the hypochlorite production increases which has an important consequence on the increased 
rate of active chlorine production kraft et al. [10]. 
 
3.2. Comparative study of the generation of active chlorine from both materials 
The comparison between the two anodes was carried out on their kinetics of active chlorine production.  
During the study of the kinetics of active chlorine production, C anode could not work with intensities 
higher than 0.6A, because the formation of a dark yellow solution characteristic of chlorates ions in 
solution is observed. The characteristic test of the presence of the hypochlorite ions realized in this 
solution obtained from the aniline solution did not reveal any blue coloration, which proves the absence 
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of sodium hypochlorite in solution. On the other hand, C/MnO2 anode can work beyond 0.6A but for an 
intensity of 1.2A the same problems are present. Thus, the rate of production of active chlorine with 
C/MnO2 anode was 17504 mg h-1A-1 which is higher than the production rate of active chlorine with C 
anode (3638.8 mg h-1A-1).  
These results show that the C/MnO2 anode work at high intensities than the C anode, these high 
intensities have as role to carry away an active chorine production efficiency and a rise in temperature 
during electrolysis. The increase of active chlorine temperature also carries away the decomposition of 
formed chlorine. These results corroborate those of certain authors following the example [1,43,44].  
All these remarks, we can say that the electrode material elaborated has a corrosion resistance and has 
the good electrochemical properties for sodium hypochlorite production. Thus, in the following study, 
we will use only C/MnO2 anode for an optimization of parameters during the electrolysis.  
 
3.3. Study of some electrolysis parameters 
The study is undertaken in order to follow the evolution of active chlorine production according to the 
NaCl concentration, the results are presented on the following Figure: 

 
Figure 3: A) Effect of pH on active chlorine production and B) Effect of NaCl concentration on active 

chlorine production 
 
The analysis of Figure 3.A reveals that the sodium hypochlorite under our operating conditions requires 
a basic pH to be obtained in great quantities. With a pH ranging from 2 to 8, the quantity of sodium 
hypochlorite produced is fairly weak. This report could be explained by at acid pH, the chlorine gas is 
released in great quantities and it will escape from the medium and consequently the hydroxide ions 
present in the medium will react with the quantity of chlorine available. For basic pH in particularly 10 
and 12, the maximum active chlorine production is obtained with a pH of 10. If we always consider our 
assumption, this result could be justified by the quantity of released chlorine that reacts with the 
hydroxide available in great quantities from where, increase in the bleach production. At pH 12, the 
active chlorine concentration falls again. This report is justified by the hydroxide ions being in majority 
in the medium. The quantity of chlorine gas available during the process is weak to react with all the 
quantity of hydroxide ions. Thus, the value retained for the continuation of our study is a pH of 10. 
Therefore, the optimum maximum values of the hypochlorite generation were obtained at pH 10.  
Figure 3.B shows the effect of NaCl concentration on active chlorine production. The results obtained 
show that active chlorine concentration increases with an increase in [NaCl] up to a maximum (18.7085g 
L-1 is [NaCl]=300g L-1). Above this NaCl concentration, the active chlorine concentration decreases. 
Thus, we can notice that the recommended concentration for our study is 300g L-1 but above this, the 
active chlorine falls. This decrease of hypochlorite production for high NaCl concentrations could be 
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due to the fact that all the Cl- ions present in solution were not transformed into hypochlorite. It could be 
also explained by above 300g L-1, the cell potential decreases from where the electric power provided 
by the D.C supply power is insufficient to be able to further oxidize the chloride ions in the medium. 
Likewise, this remark could be also justified by the solution being too saturated that carry away a deposit 
of salt on electrode surface reducing their active area [26].  
During this study, we showed the effect of temperature and of the inter-electrode spacing on active 
chlorine production. Temperature plays an important role in the electrogeneration of chlorinated species 
using C/MnO2 electrode. Figure 4.A shows the results of the effect of temperature on active chlorine 
generation. The figure presents two stages. The first stage is included between 10 and 20℃, the active 
chlorine concentration is strictly increasing. During the second stage which is between 20 and 50℃, the 
active chlorine concentration decreases considerably with the increase in temperature. Indeed, we can 
mention that the increase in temperature during this process carry away the decomposition of active 
chlorine into chloride and chlorate anions following the reactions: 
Quick: 2HClO ↔   HCl + HClO2                                                                                   (8) 

Slow:  HClO +ClO2
-   ↔ Cl- + HClO3                                                                             (9) 

However, few authors [45] have studied the effect of temperature on the decomposition of hypochlorite 
ions into chlorate. They showed that as temperature increases, the rate of chlorate ions formation 
increases. This is for a temperature from 40℃. Thus, to have a good active chlorine yield, during 
electrolysis, the use of a thermometer or a bath including/understanding a thermostat is necessary for the 
temperature control of the electrolytic bath. The temperature of the medium must thus be of 20℃.These 
results are in agreements with those of Czarnetzki, [45] and kraft et al, [10] which have suggested to use 
a temperature lower than 40℃ for the NaOCl production.  

 
Figure 4: A) Effect of temperature and B) the inter-spacing electrode on active chlorine production 

 
The inter-electrode spacing plays a capital role in an electrochemical process because it has an influence 
on the effectiveness and production cost. Figure 4.B illustrates the effect of the distance between the 
anode and cathode on active chlorine production. It is clearly seen that there is of decrease in active 
chlorine when the inter-electrode spacing increases up to 0.5 cm using C/MnO2 anode.  
This observation could be justified by the idea that a small distance between the anode and cathode 
should support the conversion of chloride ions into hypochlorite since it reduces the ohmic potential 
drop and increases the current density of the cell. In the same study, Nasser et al. [1] had obtained an 
inter-electrode spacing of 10 mm. They observed that the active chlorine concentration was high for 
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short distances and for distances above 20 mm, this concentration falls down. Resistance (R) is given by 
the formula R = $%&  with 'conductivity, L the distance between the electrodes and S the area of the 

electrodes. If the electrode spacing is large, resistance will increase but also the ohmic potential drop 
(U) in the electrochemical reactor will be high which is given by the formula U = R.I. Thus, energy (W) 
is related to current intensity and time (t) by the following formula W = U.I.t, if the ohmic drop increases, 
the power consumption also increases.  
This consumption of energy has for principal disadvantage the increasing of operational cost of sodium 
hypochlorite production. Therefore, the optimum maximum values of the active chlorine production 
were obtained at an inter-spacing of 0.5 cm.  
During the study of parameters influencing active chlorine concentration produced by our electrolytic 
device, the optimum maximum values of parameters selected are presented in the following table.  

Table 2. Values of parameters selected 
Time (min) Intensity (A) d (cm) Temperature (℃) pH [NaCl] (g.L-1) 
60 1 0,5 20 10 300 

 
3.4. Production and characterization of sodium hypochlorite 
The sodium hypochlorite production during this research tasks was carried out according to the 
electrochemical process. However, before producing the sodium hypochlorite, it is judicious to know 
and study the effect of parameters that have a capital role for its production. Indeed, these parameters 
were studied in the preceding part. The assembly thus carried out enabled us to produce a significant 
quantity of NaOCl solution which will be characterized thereafter. This unit is simple and very 
economic. The sodium hypochlorite produced from the electrolysis device conceived previously has 
been characterized by determining the following parameters: pH, density, colour and its active chlorine 
concentration. The results are represented in table 3 below. 

Table 3: Physico-chemical characteristics of sodium hypochlorite solution 
pH density Color Active chlorine (g/L) 

(11.53±)*. *,) (1.04±)*. *-) Yellow (18.602±*. **-) 

3.5. Electrochemical characterization: comparative study of electrocatalytic performance of elaborated 
materials on active chlorine generation 
Addition, in electrochemical process, one of the characteristics of electrode material is their lifetime. It 
is always hazardous to predict the success of an electrode material and in particular the lifetime without 
having to studying it under real conditions. Different electrodes were developed and were used under 
real conditions to produce the sodium hypochlorite. Here, three materials denominated C (00) C/MnO2 
(05) (five layers) and C/MnO2 (08) (eight layers) have been studied in order to evaluate the time that 
each material works in the same conditions to generate active chlorine (I=0.6A, d=0.5cm, pH 10, 
temperature 20°C, [NaCl]=300g L-1). Thus, the time that each material does to produce active chlorine 
was identified when the high active chlorine concentration was recorded. Graphite works correctly until 
ten hours after his activity decreases. According Fig 5.B. C/MnO2 (05) works correctly until 16 hours 
after their activity decreases. 
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Figure 6: Electrochemical activity of A) C (00), B) C/MnO2 (05) and C) C/MnO2 (08) 
 
Fig 5.C shows C/MnO2 (08) works correctly until 20 hours after their activity decreased. These figures 
show that the number of oxide coating deposited on the surface of graphite is proportional to the lifetime 
of the elaborated anode. Indeed, in this study, the elaborate anode C/MnO2 (having 08 manganese 
dioxide layers) has the highest lifetime (20 hours). However, the lifetime of our electrodes materials is 
improved. This can be due to the fact that the manganese oxide was good deposited and adheres well on 
the surface of graphite. Given that the release of chlorine is carried out in an acid medium, this result 
proves that the elaborated anode has a property to better fight against the attacks in acid medium. 
 
Conclusion  
The aim of this work was to produce a sodium hypochlorite solution from recycled graphite as material 
of anode. Thus, C/MnO2 electrode has been prepared by the sol-gel process from manganese oxide on 
graphite substrate from used batteries, then characterized and applied for the sodium hypochlorite 
production. The results showed that MnO2 films have been synthesized by the sol-gel process and 
deposited on graphite substrate. A study of some electrolysis parameters was achieved. Results indicated 
that C/MnO2 electrode is cheaper than dimensional stable anode and is higher anti-corrosion than C 
electrode. Also, C/MnO2 electrode is more efficient in generating sodium hypochlorite than the C 
electrode in sodium chloride solution and the rate of active chlorine production using C/MnO2 was 17504 
mg.h-1 A-1 compared to 3638.8 mg.h-1A-1 using C electrode so, the C/MnO2 anode is more efficient than 
C anode. The results have also revealed that for a sodium hypochlorite production (active chlorine 
1.82%), the use of an intensity of 1A, a concentration of 300 g L-1, a pH 10, an inter-electrode spacing 
of 0.5cm, a time of electrolysis 60 min and a temperature from approximately 20℃ are necessary. The 
coating of recycled graphite from batteries could be a good alternative to enhance the activity of graphite 
substrate during electrochemical processes. 
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