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The index of ammonium pollution is directly related to industrial 
civilization that disrupts the balance of natural systems, it also 
includes a strong promotion of eutrophication. This contamination is 
undesirable due to their extreme toxicity to most aquatic species and 
human. Different methods were elaborated to eliminate the 
ammonium ion of polluted water, so the electro-oxidation has been 
shown effective for ammonia and ammonium removal from 
wastewater, because of its advantages and fast performance. In this 
study, we have demonstrated that the electrochemical treatment 
efficiency is directly related to the electrode material as well as to the 
presence of chloride ions in the medium. The selected anodes 
materials tested against this work were Pt, Al, Carbone graphite, Zn 
and stainless steel. Cyclic polarisation for testing the electro-activity 
of the anodic ammonium oxidation has revealed that an oxidation 
peak appeared at -0.58V (vs. saturated calomel reference electrode) 
using the platinum electrode as anode without Chloride in the 
electrolytic solution, whereas the electrode with other materials such 
as zinc, stainless steel, aluminium and graphite, didn’t appear clearly 
the oxidation peak, indicating that the platinum had good electro-
activities for ammonium oxidation. 

 

 
 

INTRODUCTION* 

The adverse environmental impacts associated 
with a very high ammonium concentration are 
undesirable. It is directly related to industrial 
civilization that disrupts the balance of natural 
systems,1 it also includes a strong promotion of 
eutrophication2,3 due to the depletion of dissolved 
oxygen consumed by bio-oxidized bacteria of 
ammonia to nitrite and nitrates which are 
undesirable products too.4,5 The contamination of 
surface water and groundwater can be produced by 
mineralization of the organic matter that comes 
from animal farming especially in the compost 
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materials or an excess of nitrogen fertilizers,6-8 

without neglecting other industrial waste nitrogen, 
such as coke-plant, tannery, textile, landfill 
leachate and fertilizer wastewater.4 So, the removal 
of nitrogen from wastewater is becoming more and 
more urgent; different methods are being 
developed to eliminate the ammonium ion of 
polluted water, by physicochemical methods such 
as air stripping, ion exchange, adsorption, 
membrane processes2,4 or chemical methods by 
precipitation or oxidation methods and biological 
process results from two important processes in the 
nitrogen cycle and wastewater treatment of 
nitrification and denitrification which come to be 
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thought as two separate reactions by different 
groups of microorganisms comprise ammonium 
oxidizing bacteria (AOB) and nitrate reducing 
bacteria (NRB).2, 9  

The electrochemical methods has been shown 
effective for ammonia and ammonium removal 
from wastewater, because of its advantages such as 
a minimal generation of the secondary waste, fast 
procedure, easy operation, safety, selectivity, etc. 
The ammonia electro-oxidation is possible because 
the Gibbs free energy of ammonia is higher than 
that of the nitrogen molecule, so the ammonia-
nitrogen can be decomposed to nitrogen gas by an 
electrochemical method. 

Recently, the electro-oxidation of the ammonia-
nitrogen process has been shown as an advanced 
treatment of several types of waste water; landfill 
leachate, saline wastewater.10-12  

Different anodes materials were investigated for 
this treatment, including the catalytic oxide alloy 
electrode called also dimensionally stable anode 
(DSA),13 boron-doped diamond (BDD),10-12 
Platinum-Me binary and tertiary alloy,14,15 IrO2 
which have also proved to be capable of removing 

the ammonium loading,16 PdRh1.5/Ti mini-mesh 
electrode in the presence of PTFE which is called 
zero gap electrolyte polymer reactor,17 RuO2/Ti,18 
and also a bioelectrochemical system.19  

The mechanism of ammonia nitrogen removal 
in the electrochemical process on metal oxide type 
electrodes is poorly understood in terms of the 
oxidation route and reaction kinetics. According 
several research, on Pt and Pt-Me binary alloys 
based electrodes, the mechanism of the electro-
oxidation is pH dependent resulting in the 
formation of different compounds, such as N2 as 
well as nitrate ion in the highest oxidation state, as 
shown in Eq (1). 

According to the pH, the mechanism of the 
electro-oxidation could be explained by the 
following reaction series – in alkaline solution  
(Eq. 2–6).20,21  

Two intermediates (NHx and NHy, with x = 1 or 
2 and y = 1 or 2) recombine together by chemical 
reaction and, once the new compound N2H(x + y) is 
formed, it is further electrochemically oxidized 
into molecular nitrogen, according to the following 
equations (7–9).22 

 

   (1) 

 
    (2) 

    (3) 

   (4) 

    (5) 

   (6) 

    (7) 

   (8) 

   (9) 
 

Besides N2, oxygenated nitrogen species (such 
as NO and N2O) may also be formed when the 
electrode surface becomes oxidized. The oxidation 
potential of ammonia was above 1.19 V/SCE.17  

However, the mechanisms of anodic ammonia 
oxidation are not yet completely understood, 
especially for the N2 formation step.23  

In neutral and acid medium.  

   (10) 

Several studies have been devoted to the 
development of efficient electro-catalysts for 
ammonia oxidation in alkaline and neutral 
solutions.  

In addition to pH, the performance of the 
processes depends on several other parameters 
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such as the chemical nature of the working 
electrode, temperature, electrolyte composition, 
applied potential or current, cell configuration and 
the chloride ions.10  

The electrochemical oxidation of the ammonia 
in alkaline solution on platinum electrode has been 
shown to be one of the most active electrode.22,23 
Some reaction intermediates and adsorbed species, 
such as Nads, could affect the ammonia oxidation 
on platinum by inhibition of the formation of N2 
because the adsorption energy of Nads on Pt is too 
high to permit the recombination of two N atoms.22  

In this work, cyclic voltammetry (CV) was used 
to investigate the electrochemical behavior of Pt, 
Al, Zn, Graphite and Stainless steel in neutral 
solutions. The adsorption and oxidation processes 
of ammonia nitrogen on these electrodes were 
tested by cyclic and linear polarisation in presence 
and absence of chloride ions. It is anticipated that 
this work provides an insight into the feasibility of 
the best anode material as an electro-catalyst for 
ammonia and ammonium oxidation. 

MATERIALS AND METHODS 

Anode materials 

The materials chosen as anodes in this research 
were Pt, Al, Zn, Graphite and Stainless steel. Pt 
wires with 4 cm2 superficial area were used as the 
anode and the counter electrode. Zinc electrode 
with a surface area of 0.635 cm2. The Al electrode 
was used in sheets with surface areas of 1.62 cm2. 
Graphite electrodes were obtained from a large 
piece of graphite cut into geometrical sections with 
surface areas of approximately 0.282 cm2. 
Stainless steel electrode was circular with surface 
areas of 0.785 cm2. All electrodes have been 
mechanically polished before use, washed in 
distilled water and dried in air. Each electrode has 
been first abraded with emery paper and rinsed 
thoroughly with water and rinsed in acetone and 
dried before use. 

Solutions 

Test solutions were prepared using (NH4)2SO4 
and distilled water to give a final concentration of 
1g/L, with no Cl-. In the presence of Cl-, the 
solutions were prepared using NH4Cl at the same 
concentration of 1g/L. 1 M aqueous NaOH and 
H2SO4 solutions were used to adjust the pH of the 
test solutions to values of 7. 

Electrochemical cell 

Electrolysis experiments were performed at 
laboratory scale, in the one-compartment glass cell of 
103 mL using a three-electrodes configuration with an 
anode of desired material and a cathode of Pt, the 
cathode was in the form of a rod with a length of 3cm 
and an electrode gap of 1cm. 700 mL of the ammonia 
solution of 1g/L (NH4)2SO4 or 1g/L NH4Cl., the cell 
is connected to a power supplier potentio-
stat/galvanostat (AUTOLAB, with a maximum 
output of 5 A and 30 V), in all the experiments, and 
the feed tank was thermostatized at room temperature 
and neutral pH. The experiments were performed by 
applying a current density value in the range of 
[100nA-1mA], A, except when the influence of the 
current density was analyzed. 

Potentiometric tests 

Cyclic voltammetry and linear polarization 
were carried out using AUTOLAB PGSTAT 302N 
equipment. The voltammograms results were 
obtained after five consecutive scans at scan rates 
of 5, 10, 102 and 5.102 mV s−1. The potential value 
ranged from −2 V to +2 V vs. SCE. This 
experiment was also used to determine the 
incidence of corrosion processes for each material. 

RESULTS AND DISCUSSION 

Cyclic voltammetry curves measurement  
of the ammonium electro-oxidation behaviour 

of Pt in neutral solution 

The response of the Pt electrode in both 
solutions containing ammonium chloride and 
ammonium sulphate shown in Fig. 1, which presents 
a typical cyclic voltammograms at the scan rate of 
50 mV.S-1. 

In this experimental run, the voltage was varied 
between -2 V and + 2 V versus the reference SCE. 
The scan rate of the voltage was 50 mVs-1. The 
rough curve below -1 V/SCE was usually 
attributed to the evolution of hydrogen evolved on 
electrode during cathodic polarization, and the 
other rough curve above +1 V/SCE was attributed 
the oxygen evolution during the anodic 
polarisation, as evidenced by the fact that gas 
bubbles were evolved violently from the electrode 
surface. An anodic peak was observed during the 
anodic sweep, in the solution of ammonium 
sulphate, at -0.598 V/SCE, which was apparently 
due to the oxidation of the ammonium ions to 
nitrogen gaseous, according the equation (10). 
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Fig. 1 – Cyclic voltammograms measured on platinum electrode, without chloride ions and in the presence of chloride ions.  

The ammonium solutions concentrations were 103 ppm. Potential sweep rate: 50mVs−1. 
 

However, the ammonium oxidation peak did not 
appear in the presence of chloride ions, as shown in 
Fig. 1. This observation was attributed to the 
oxidation of Cl- to Cl2 according the equation (11).  

   (11)  

Nevertheless, in the absence of chloride ion, 
two cathodic peaks were also observed at 0.12 
V/SCE and -0.53 V/SCE which could correspond 
to the nitrite reduction to NH3 according the 
equation (12) and the nitrite reduction to N2O 
according the equation (13) respectively.24  

   (12) 

   (13) 

Influence of the scan rate in the ammonium 
electro-oxidation performance 

Fig. 2 shows both the cyclic voltammograms 
(CV) and linear voltammograms (LV) measured in 
the same solution of ammonium sulphate (103 
ppm) at various scan rate. It is seen that only one 
current peak was observed at about − 0.6V in the 
curves. The increase in scan rate range increased 
the peak current and had an irregular effect on the 
peak potential value. In a slow voltage scan, the 
ammonium oxidation peak was small compared 
with the other fast scan. 

 
 

   
Fig. 2 – Cyclic voltammograms (A); and linear voltammogramms (B), for the platinum electrode in 103 ppm (NH4)2SO4, pH=7.  

Scan rates of 5, 10, 102 and 5.102 mV s−1 Vs saturated calomel electrode reference; 25 ◦C. 
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Also, an increase of the current density at about -
1.4 V and 1.5V/SCE was observed, which recorded 
to the hydrogen and oxygen evolution respectively. 
This behavior did not change at different scan rates, 
like shown in the Fig. 2 (B), which presents a series 
of linear sweep voltammograms recorded at different 
scan rates. Each curve has the same form but it is 
apparent that the total current increases with 
increasing scan rate.  

As a result, the optimal scan rate for this oxidation 
process was in the range of 50-102 mV.S-1.  

Comparison of the ammonium electro-oxidation 
performance behaviour various anodes 

materials without chloride ions  
in the electrolytic solution 

Various anodes materials were tested against 
the ammonium electro-oxidation at the same 

operational conditions. For this statement, the 
anodes used in this work were: Pt, Zn, Al, graphite 
and stainless steel. The electrolytic solution was 
the ammonium sulphate at a concentration of 103 
ppm N-NH4, adjusted at a neutral pH. 

The results presented in the Fig. 3, suggested 
that an anodic peak corresponding to the 
ammonium oxidation appeared only for the 
platinum electrode at -0.598V/SCE. For the other 
anodes, there were no anodic peaks in the potential 
region that could represent the oxidation of 
ammonium ion or ammonia according to Eqs. (10). 

Changing the scan rate, of 50 to 102 mV/SCE 
(Fig.4), did not cause any specific changes in all 
material’s response. A cathodic peak for hydrogen 
evolution at approximately −1.5 V and a subtle 
anodic peak related to oxygen evolution at 
approximately +1 V were observed.  

  

 
Fig. 3 – Cyclic voltammograms for various anode materials in 103 ppm (NH4)2SO4  

at the scan rate of 50 mV s−1 Vs saturated calomel electrode reference; 25 ◦C, pH=7. 
 

 
Fig. 4 – Cyclic voltammograms for various anode materials in 103 ppm (NH4)2SO4  

at the scan rate of 102 mV s−1 Vs saturated calomel electrode reference; 25 ◦C, pH=7. 
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Fig. 5 – linear voltammograms for Al and Zn electrodes in 103 ppm (NH4)2SO4  

at the scan rate of 102 mV S−1 Vs saturated calomel electrode reference; 25 ◦C, pH=7. 
 
So, for the Al and Zn electrodes, the increase in 

the current density at approximately above -0.5V 
and −0.8 V/SCE respectively (Fig. 5) occurred, 
indicating localized corrosion, which was 
visualized on the electrode’s surface especially at 
low scan rate (data not shown).  

The obtained voltammograms for the other 
anodes tested against this work, except the Pt 
electrode, did not reveal any electro-activity for 
ammonia or ammonium ions.  

Cyclic voltammetry curves measurement  
of the ammonium electro-oxidation behaviour 

of Pt in neutral solution 

Platinum is a noble metal which has a high 
affinity and high activity for oxidations processes 
involving ammonia nitrogen and other compounds. 
It is also highly corrosion resistant and very stable. 
Tests with this material were conducted to confirm 
its efficiency and to compare the performance of 
this material to those other materials.  

In this experimental run, the voltage was varied 
between -2 V and + 2 V versus the reference SCE. 
The scan rate of the voltage was 50 mV.S-1, shown 
in Fig. 1. An anodic peak was observed during the 
anodic sweep, in the solution of ammonium 
sulphate, at -0.598 V/SCE, which was apparently 
due to the oxidation of the ammonium ions to 
nitrogen gaseous according the equation. (10) 

Therefore, the active chloride formed by the 
reaction (11) could contribute to the chemical 
oxidation of ammonium in the electrolytic solution 
according to Eq. (14-16). Consequently, it could 
inhibit the electro-oxidation of the ammonium.20  

   (14) 

  (15) 

 (16) 

Yet, in alkaline solution, HClO could oxidize 
the ammonia according to Eq. (17). Also, 
undesired reaction between chloride derivates 
could be present in the medium. 

  (17) 

Thus, the presence of the chloride ions, at high 
concentration in the electrolytic solution, could 
considerably influence the ammonium removal by 
generation of the active chlorine and its derivates, 
according to Eq. (14). The reaction between the free 
ammonia and chlorine promotes the formation of 
chloramines which are considered very toxic 
substances. Also, the anodic formation of chlorine is 
coupled to its homogeneous reaction with ammonium 
ions as shown in Eq. (15), which could limit its 
application in the wastewater treatment.10,11,18,25 In 
addition, the appeared peaks during the cathodic 
polarization are related to the occurring of undesired 
reactions. For this reason, the electrochemical system 
should be well optimized, in order to avoid these 
secondary reactions. Otherwise, the removal of 
ammonia compounds would be compromised and the 
process would be less efficient. 

Comparison of the ammonium electro-oxidation 
performance behaviour with various anode 

materials without chloride ions  
in the electrolytic solution 

The increase of the current density in the 
voltamogramms presented in Fig. 3 revealed the 
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passivation of the material and not the oxidation 
processes involving ammonium ions. This result 
indicates that the oxide layer formed in the surface 
of the electrode could inhibit the oxidation 
performance, which conducts to the localized 
corrosion of the metal. This aspect was not 
observed for high scan rates, indicating that the 
selected scan rate was faster than the rate of the 
corrosion process. However, a more detailed study 
is needed to elucidate and confirm this statement.24  

Therefore, the results for Zn cyclic 
voltammetric indicate that the oxidation of Zn 
degrades its electrocatalytic activity for ammonia 
and ammonium oxidation. Even though the 
ammonium oxidative current is even lower than 
that of zinc oxidation. As shown in Fig. 5, the Zn 
electrode was oxidized at -0.8 V/SCE and the 
formed films of Zn(OH)2 and ZnO according to Eq 
(18-22) in the surface layer, were 
thermodynamically unstable and could be then 
susceptible to metal corrosion.26 ,27  

 

   (18) 

   (19) 

   (20) 

   (21) 

   (22) 

 However, the Zn2+ generated by the anodes 
means that the electrode has been consumed and 
the solution could become contaminated by zinc. 
Both situations are not desirable. Consequently, the 
application of zinc as well as aluminium, as an 
electrocatalyst for ammonia and ammonium 
electrolysis technique is practically infeasible. 
These results were similar to those found in the 
nickel electrode which was oxidized in alkaline 
solution to NiO2 and Ni(OH)2. So, the value of the 
ammonia oxidation current is relatively lower than 
that of the Ni oxidation, which could limit its 
application for ammonium oxidation.21  

The obtained voltammograms for the other 
anodes tested against this work, except for the Pt 
electrode, did not reveal any electro-activity for 
ammonia or ammonium ions.  

Thus, the platinum electrode was the most 
active for this treatment according to several 
previous research 20-23 and to the results found in 
this work. Comparing to the other materials 
anodes, there is no current peak appeared for all 

electrodes tested against this work, corresponding 
to the ammonia and ammonium oxidation observed 
in the cyclic voltammograms in ammonia-
containing solutions, as shown in Fig. 3. 

CONCLUSIONS 

The feasibility of successfully removing 
ammonium from wastewater using electrochemical 
oxidation was confirmed in the present study, 
using Pt electrode, at neutral pH, without Cl- in the 
electrolytic solution. Experimental results of cyclic 
and linear voltammograms show the appropriate 
peak of ammonium oxidation at -0.598 V/SCE for 
the Pt electrode. However, the other anode 
materials did not reveal any electro-activity for 
ammonia or ammonium ions. Therefore, the Zn 
and Al electrodes did not demonstrate satisfactory 
corrosion resistance. Moreover, in the presence of 
chloride ions, desirable reactions appeared which 
cause the formation of toxic environment product. 
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