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Abstract
The effect of an Electro-Fenton system on the deep treatment of
ammonia nitrogen (NH3-N) and corresponding removal rate
was investigated in this article. By using simulated ammonia
nitrogen wastewater, it included a Cl- concentration of 3000
mg/L, SO42- concentration of 100 mg/L according to conventional
leather wastewater conditions. Furthermore, Cl- and SO42- can be
used as supporting electrolyte. After pretreatment, the ammonia
nitrogen concentration kept about 100 mg/L. The optimal
treatment conditions of Electro-Fenton system were obtained
throughout single factors experiments. The current density was
150 A/m 2 , the reaction time was 30 min, the plate spacing
distance was 40 mm, and the reaction temperature was adjusted
to 40°C. After flocculation treatment of leather wastewater, the
ammonia nitrogen concentration was 142.11 mg/L, and the
tanning wastewater was further treated with an Electro-Fenton
system. The final ammonia nitrogen concentration was 11.23
mg/L, which meets the first-level wastewater discharge standard.
The removal rate was 92.10%, which indicated that the ElectroFenton system is one kind of clean, feasible and sustainable
treatment method for the deep treatment of ammonia nitrogen
in tannery wastewater.

Introduction
In the leather industry, after anaerobic, aerobic, and flocculation
treatment, the ammonia nitrogen concentration is between 15
mg/L and 100 mg/L. The standard discharge concentration limit
of ammonia nitrogen in industrial wastewater is 15 mg/L. It is
difficult to reduce the ammonia nitrogen concentration further
with chemical systems. Therefore, in order to solve high costs,
undesirable emissions,a solution for the deep treatment of
ammonia nitrogen in leather industrial wastewater is desired.
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Ammonia nitrogen (NH3-N) refers to nitrogen of water in the
form of free ammonia (NH3) and ammonium ions (NH4+).1 The
discharge of ammonia nitrogen in wastewater can cause water
eutrophication. Inorganic ammonium salt is used in the
deliming and bating process of leather-making, which can lead
to high ammonia nitrogen concentrations in leather-making
wastewater. 2 Moreover, from the perspective of cost and
application effectiveness, there is no complete replacement for
inorganic ammonium salt deliming agents. Furthermore, during
the process of leather pretreatment, the removal of useless
collagen fibers can also cause a large amount of collagen protein
to be hydrolyzed in the wastewater. With the ammoniation of
the protein in the wastewater, the concentration of ammonia
nitrogen also increases rapidly. Therefore, it is necessary to
remove the ammonia nitrogen when considering the removal of
organic pollutants.
The basic principle of ammonia nitrogen removal is to transform
the organic nitrogen and ammonia nitrogen to nitrogenous
nitrogen, which will escape in the form of nitrogen. Then, the
concentration of ammonia nitrogen in water can reach national
emission standards. At present, there are two kinds of ammonia
nitrogen removal technologies for leather wastewater treatment.
One method is physicochemical treatment, and the other is
biological nitrogen removal. 3,4 Physicochemical treatment
techniques include point-break chlorination.5 This method has
the advantages of less equipment, less investment, fast reaction
speed and high-efficiency denitrification. However, due to its
strict operation requirements and high operation cost, this
process produces harmful gases. Air stripping technology has
been used to address nitroaniline wastewater.6 When the pH
exceeded 11, the ammonia nitrogen in the wastewater decreased
from 3150 mg/L to 187 mg/L, and the removal rate was 93%.
This method displayed the advantages of a simple process,
stability, high practicability and low investment cost. However,
the energy consumption is still large, and there is secondary
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pollution. Chemical precipitation methods7,8 have achieved a
removal rate of ammonia nitrogen of 80%~90% at mole ratio of
Mg 2+ : NH4 -N: PO 4 3- of 1:1:1 and pH of 9.0.9 If the residual
concentrations of NH4 +-N and PO 4 3- are relatively high, the
contents of N and P can be further reduced by biological
treatment after chemical precipitation treatment. This method
is easy to perform and can save energy and improve efficiency
with a fast reaction speed. However, large quantities of
precipitation agents are needed, which carries a high cost. The
removal of ammonium ions from simulated wastewater
containing organic compounds by the ion-exchange method
has been studied.10 The ion-exchange method is suitable for the
treatment of low-concentration wastewater, but the adsorbent
requires frequent regeneration when treating highconcentration organic wastewater. The dilute ammonia liquid
is not easy to recover, the waste liquid generated in the
regeneration process may also cause secondary pollution, and
the treatment process should be subjected to protection
measures. Membrane absorption used emulsion liquid
membrane method to remove wastewater with an ammonia
nitrogen content of more than 1000 mg/L, with a first-stage
removal rate of more than 97%.11 The removal of ammonia
nitrogen from wastewater is primarily inf luenced by the
membrane surface area. The larger the area the better the
removal rate. While membranes with a large surface area have
smaller particles and are prone to emulsification, the separation
of oil and water is difficult. In the presence of oleophilic
organics, the liquid membrane organic phase is difficult to
regenerate, so future research should focus on how to prevent
emulsification and reduce secondary pollution in wastewater.
Wet air oxidation,12 based on a M/CeO2 catalyst, a temperature
of 200°C and an oxygen partial pressure of 20 bar, has achieved
a removal rate of over 95% for an NH3-N mass concentration of
700 mg/L. Wastewater has been treated by the electroosmosis
method with a mass concentration of ammonia nitrogen
ranging from 3000 to 3200 mg/L, and the removal rate of
ammonia nitrogen was over 85%.13 This method is not limited
by pH value and temperature, is easy to operate and can recover
ammonia. Ros et al. made use of an A 2/O process to treat
leather wastewater. The removal rate of ammonia nitrogen
reached 96.3% and the sludge yield was very low.9 This process
is a biological nitrogen removal technology. Electrochemical
methods are a combination of electrooxidation and chemical
oxidation and are a kind of advanced oxidation technology for
the degradation of organic pollutants in water bodies. At
present, such methods are environmentally friendly and
energy-saving green treatment for the removal of ammonia
nitrogen in wastewater. Electrochemical treatment mainly
proceeds through direct oxidation at the anode and the indirect
oxidation in solution.14 The direct oxidation at the anode
generates hydroxyl radicals (•OH) that can degrade organic
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matter through anode electrolysis, and the reaction can be
expressed as follows15:
Anode: 2H2O → 2•OH+2H++2e2NH3+6•OH →N2+6H2O
The Electro-Fenton method is an electrochemical method to
remove ammonia nitrogen from wastewater. The principle is
that H 2O2 (which can be produced by electrolysis or directly
added) reacts with Fe2+ to form a Fenton agent:16
Fe2+ + H2O2 = Fe3+ + OH- +•OH
Hydroxyl radical (•OH) can oxidize and degrade organic
pollutants and has an obvious effect on the removal of ammonia
nitrogen and nitrite nitrogen; this process is rapid and stable.17
Fenton system has been extensively studied and used in the
treatment of textile and dye industrial wastewater, but there are
few studies on the direct use of the Electro-Fenton oxidation
method to remove ammonia nitrogen from leather wastewater.
Due to cost problems, flocculation with polyferric chloride has
been widely adopted by tanneries.18,19 After treatment by this
method, the terminal wastewater contains a high concentration
of Fe(III). In this paper, after tanning wastewater was
treated with a polyferric flocculant, the Electro-Fenton method
was used to further reduce the ammonia nitrogen concentration.
The effectiveness of ammonia nitrogen treatment in tanning
wastewater was investigated by simulating leather wastewater.
The optimal parameters of the Electro-Fenton method were
obtained to treat real leather wastewater; the results are intended
to provide a feasible green environmental protection method for
the removal of leather wastewater in the future.

Experimental
Materials
Tanning wastewater was collected from Xuzhou Hongfeng
Polymer Materials Co., LTD. from pigskin garment leather
processing. Wastewater samples were collected in polyethylene
bottles, the pH was adjusted to below 2 by adding sulfuric acid,
and the samples were stores at 2-5°C. According to the optimized
conditions for the Electro-Fenton treatment of simulated leather
wastewater, the actual tanning wastewater was treated to
determine the effect of ammonia nitrogen treatment. (NH4)2SO4,
H 2O2 , FeSO 4 ·7H 2O, Na 2 SO 4 , NaCl and other conventional
reagents were all analytical pure and purchased from Kelong
Chemical Reagent Factory in Chengdu. Ammonium sulfate,
magnesium borate, methyl red, methylene blue, polyferric sulfate
and hydrochloric acid were obtained from Chongqing Beibei
Chemical Reagent Factory. All reagents were analytically pure.
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Treatment of Simulated Ammonia Nitrogen Wastewater by
Electro-Fenton
A homemade electrolytic cell with a size of 1.0 m×0.5 m×0.5 m
was used. Graphite was used as the anode and cathode electrodes,
with a size of 0.45 m×0.45 m. Air was pumped into the cathode
surface to produce H 2O2 , which is a necessary reagent for the
Fenton system. The experiment was carried out in a diaphragmfree electrolyzer (Figure 1). The experimental conditions
included 3000 mg/L Cl-, 100 mg/L SO42-, and 100 mg/L ammonia
nitrogen. Above parameters have been testified throughout
previous experiments in our lab. The current density was 150 A/
m 2 , the plate spacing distance was 40 mm, the reaction
temperature was 30°C, and the initial pH was 9.0. The total
volume of the solution was 50 mL. The ammonia nitrogen
concentration in the simulated wastewater was determined at
varied times (5, 10, 20, 30, 45, and 60 min).
According to the above experiments, the optimal treatment time
was obtained. All other experimental conditions were kept the
same. The ammonia nitrogen concentration was investigated at
electrode plate spacing distances of 40, 60, 85, 95 and 140 mm,
respectively.
According to the above experiments, the optimal processing
time and the best electrolyzer plate spacing distance were
determined. All other experimental conditions were kept the
same. The ammonia nitrogen concentration was researched by
varying the reaction temperature at 20, 25, 30, 35 and 40°C.
Finally, the optimal treatment conditions were determined in
terms of treatment time, electrode plate spacing distance and
reaction temperature.
Tanning Wastewater Treatment
Ammonia nitrogen in leather wastewater mainly comes from
leather wastewater in the deliming and bating stages.

Figure 2. The simplified flow chart of waste water treatment.

The collected wastewater was treated with a polyferric flocculant
(190 mg/L) and then treated with the optimal conditions of the
Electro-Fenton system. The specific treatment flow chart is
shown in Figure 2. The conditions of Electro-Fenton treatment
were obtained according to the treatment of simulated ammonia
nitrogen wastewater by the electro –Fenton process. In the actual
tanning wastewater process, there is a large amount of Cl- and
SO4 2- , so these two electrolytes were not added in the
electrochemical treatment of the actual tanning wastewater.
Measurement of Ammonia Nitrogen Concentration
For the tannery wastewater, a modified distillation-acid titration
method was used to determine ammonia nitrogen because of the
high ammonia nitrogen concentration.20 The main principle of
distillation-acid titration was as follows. The pH of the
wastewater sample was adjusted in the range of 6.0 ~ 7.4.
Magnesium oxide was added, making the wastewater slightly
alkaline. Finally, ammonia was released by the distillation
process. The ammonia was absorbed by boric acid solution in a
bottle, and the ammonia in the distillate was titrated with acid
standard solution with methyl red and methylene blue as
indicators. The reaction process can be described as follows:
+

-

	
NH4 +OH → NH3 + H2O
NH3 + HBO3 → NH4BO3
NH4BO3 + HCl → NH4Cl + HBO3
A modified method for the microdetermination of nitrogen was
used for the determination of the ammonia nitrogen content
(Figure 3). The value can be calculated according to the following
formula:
X = (V1-V0) × C × 14
10 / 1000

(1)

where,
X: Ammonia nitrogen content in the water sample, mg/;
V1: Volume of standard solution of hydrochloric acid (0.05
mol/L) consumed in the sample titration, mL;

Figure 1. Experimental apparatus for electrolysis without membrane
(1:direct current; 2:positive electrode; 3:negative electrode;
4:temperature controller; 5:heater).
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of standard solution of hydrochloric acid was
V: Volume

0.05 mol/L in blank test, Ml;
C: Molar concentration of the standard solution of
hydrochloric acid, mol/L.
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CODCr Measurement of Tanning Wastewater
A Rapid potassium dichromate method was used to determine
the CODCr of water samples.21 A colorimetric method for the
determination of total chromium in wastewater was developed.22
The turbidity of the water sample was determined by a
colorimetric method with a 722 spectrophotometer.23
Energy Consumption during of Electro-Fenton Treatment
During the removal process of ammonia nitrogen, the current,
voltage and treatment time were proportional to the treatment
volume and ammonia nitrogen concentration before and after
treatment. The calculation formula was as follows:
UIt			
E=
		(C0 - C) V
where,
	E: power consumption, Wh/mg ammonia nitrogen;
U: voltage, V;
I: electric current, A;
t: time, h;
V: wastewater volume, L;
C0: ammonia nitrogen concentration before treatment, mg/L
C: ammonia nitrogen concentration after treatment, mg/L.

Figure 3. The modified distillation-acid titration distiller.

Figure 4. The influence of reaction time on the ammonia-nitrogen
removal rate.
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Results and Discussion
Treatment of Simulated Ammonia Nitrogen Wastewater
by Electro-fenton
The effect of reaction time on the removal rate of ammonia
nitrogen in simulate wastewater was investigated, and the test
results were shown in Figure 4.
As seen from Figure 4, the first 30 min, in the ammonia nitrogen
removal rate had a nearly linear rising trend with increasing
reaction time. After 30 min, the ammonia nitrogen removal rate
in the solution remained essentially unchanged and the reaction
reached an equilibrium state. After reaction for 30 min, the
ammonia nitrogen content decreased from 100 mg/L to
11.51 mg/L, and the removal rate was 76.98%; the content was
lower than 15 mg/L, which is the comprehensive first-level
standard for sewage discharge.
During the reaction, the electrode voltage and solution pH of the
electrolyzer changed with time, as shown in Figure 5 and
Figure 6, respectively.

Figure 5. The electrode voltage varies with reaction time.

Figure 6. The pH value varies with reaction time.
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It can be seen from Figure 5 that under the condition of constant
current density, with increased reaction time, the electrode
voltage of the electrolyzer decreased steadily, indicating that the
effective electrolyte content in the solution increased and the
conductivity of the solution improved.
In Figure 6, the solution pH in the first 30 min exhibited a linear
downward trend that was essentially unchanged after 30 min,
which indicated that the electrochemical oxidation speed remained
fast before 30 min; additionally, Cl2 was generated from Cl - so the
amount of HClO also showed a sharply increasing trend.
Therefore, the ability to oxidize ammonium sulfate also increased,
as also indicated in Figure 4. The change trend of ammonia
nitrogen content with time was consistent. The removal rate
appeared to reach the maximum value at a reaction time of 30 min.
Figure 7 showed the influence of the electrode plate spacing
distance of the electrolytic cell on the removal rate of ammonia

Figure 7. The influence of electrode distance on the ammonia-nitrogen
removal rate.

Figure 8. The relation of electrode voltage and electrode distance.
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nitrogen in wastewater. With increasing plate spacing distance,
the residual ammonia nitrogen content in the wastewater
increased, and the removal rate of ammonia nitrogen in the
wastewater decreased. When the plate spacing distance was
between 40 mm and 60 mm, it had little effect on the ammonia
nitrogen content. When the plate spacing distance was more
than 60 mm, the residual ammonia nitrogen content in the
wastewater increased significantly, and the removal rate
decreased significantly. The main reason was that with increased
plate spacing distance, the oxidation potential decreased under
constant current density. Therefore, the oxidation of Cl- and the
direct electrochemical oxidation of ammonia nitrogen was
weakened. Furthermore, with increased plate spacing distance,
the likelihood of contact between oxidant and ammonia nitrogen
compounds was likely weakened with the larger space, which has
a detrimental treatment effect.

Figure 9. The relation of pH value and electrode distance.

Figure 10. The influence of temperature on the ammonia-nitrogen
removal rate.
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The relationship between the electrode voltage, solution pH and
electrode plate spacing of the electrolyzer during the reaction
process with different electrode plate spacing distances was
shown in Figure 8 and Figure 9.
It can be seen from Figure 8 that when the current density was
constant, with an increased electrode plate spacing distance of the
electrolytic cell, the electrode plate voltage clearly increased and
then basically remained constant. An increase in electrode voltage
will lead to an increase in energy consumption. Figure 7 showed
that the removal rate of ammonia nitrogen also decreased.
Therefore, an electrolytic cell with a small electrode spacing
distance (40 mm) was selected for the follow-up experiment.
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mm, the change trend of pH was essentially the same, and the pH
decrea sed slowly. T he pH d ropped f rom 9.0 to
6.5, 7.0 and 7.5, respectively, and the pH at the end point was
approximately neutral. As also shown in Figure 8, the removal rate of
ammonia nitrogen was the highest when the plate spacing was 40 and
60 mm and the terminal pH was in the acidic range, thus proving
that the oxidation effect was the strongest under acidic conditions.

As shown in Figure 9, when the electrode plate spacing distance of the
electrolytic cell was 40 mm, the pH of the solution showed a
significant decreasing trend during the reaction and declined from
9.0 to 4.5. When the distance between plates was 60, 85, 95 and 140

Figure 10 showed the effect of reaction temperature on the
removal rate of ammonia nitrogen. With increasing reaction
temperature, the residual ammonia nitrogen content in the
solution clearly decreased. As the temperature increased, the
reaction rate increased, and the oxidation capacity improved.
Moreover, as the temperature increased, the nitrogen solubility
decreased, so the residual ammonia nitrogen content in the
solution decreased significantly. When the temperature was
25°C, the ammonia nitrogen content fell from 100 mg/L to
14.97 mg/L, meeting the wastewater discharge standard, so

Figure 11. The relation between electrode voltage and temperature.

Figure 12. The relation between pH value and temperature.

Table I

The treatment effect of tannery wastewater.
Before
flocculation

After
flocculation

Removal rate/%

After Electric-Fenton
treatment

Removal
rate

495

99

80

87

12.12

2.223

0.23

89.77

0.22

4.35

Turbidity

88

7

92.04

5

28.57

NH3-N/(mg/L)

243

142.11

41.52

11.23

92.10

Item
CODCr/(mg/L)
Total Chromium/(mg/L)
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Table II

The voltage varies with time.
Time/min

0

5

10

15

20

25

30

Voltage/V

9.0

8.9

8.7

8.7

8.5

8.4

8.2

temperatures in summer and autumn will enable the
electrochemical treatment of ammonia nitrogen wastewater to
reach the expected treatment effect. The energy consumption
and the cost of dealing with waste water can be controlled.
The relationships between the electrode voltage, solution pH and
temperature of the electrolyzer at different reaction temperatures
during the reaction process were shown in Figure 11 and Figure 12.
It can be seen from Figure 11 that under constant current density,
the reaction temperature increased, and the electrode voltage
decreased and remained essentially constant. With increased
temperature, the heat mass transfer rate and conductivity of the
solution were strengthened and the voltage appeared to decrease.
As seen from Figure 12, the pH of the solution presented a steady
decreasing trend as the reaction progressed, but with increased
the reaction temperature, the final pH of the solution decreased
gradually. According to Figure 11, the higher the temperature
was, the lower the ammonia nitrogen content in the solution
was. Therefore, the lower the final pH of the solution was, the
stronger the oxidation capacity was, and the lower the ammonia
nitrogen content was, the higher the ammonia nitrogen removal
rate was.
The best conditions determined for efficient ammonia nitrogen
removal in laboratory included a of Cl- concentration of
3000 mg/L, SO42- 100 concentration of mg/L, ammonia nitrogen
concentration of 100 mg/L, current density of 150 A/m 2 , and
reaction time of 30 min. The plate spacing distance was 40 mm,
and the reaction temperature was 30°C. Under these reaction
conditions, the ammonia nitrogen content of the ammonium
sulfate solution decreased from 100 mg/L to a minimum of
4.6 mg/L, far exceeding the first-level standard for sewage
discharge.
Ammonia Nitrogen Removal from Tannery Wastewater
by Electro-Fenton
The Electro-Fenton treatment results of tannery wastewater are
shown in Table I .As shown in Table I, after f locculation
treatment, the total chromium removal rate of wastewater
treated with polyferric sulfate was 89.77%, and the concentration
was 0.23 mg/L. The turbidity removal rate was 92.04%, and the
turbidity after treatment was 5, meeting the international first-
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class discharge standards requiements. However, the treatment
effect of ammonia nitrogen was poor, and the removal rate was
only 41.52%. When the wastewater was deeply treated by the
Electro-Fenton oxidation method, the removal rate of ammonia
nitrogen was 92.10%, and the final concentration was
11.23 mg/L, which meets the national first-level discharge
standard. In the simulated leather wastewater experiment
mentioned above, the concentration of ammonia nitrogen was
100 mg/L, and the removal rate was 95.4%, indicating that the
lower the concentration of ammonia nitrogen is, the better the
effect of deep treatment. It is further proven that the ElectroFenton method is suitable for the deep treatment of leather
wastewater, and can produce a wastewater ammonia nitrogen
content that meets the discharge requirements.
Energy Consumption by the Electro-Fenton System
When the current was constant, the voltage changed over time,
as shown in Table II.
According to the data in Table II, the voltage was integrated from
0 to 30 min to obtain Ut= 259 v.min. From the calculation
formula of energy consumption, the total E was 0.047 kw.h/mg.

Conclusions
After the flocculation treatment of tannery wastewater, the
treatment conditions of the Electro-Fenton oxidation system
included a current density of 150 A/m 2 , a reaction time of 30
min, a plate spacing distance of 40 mm, and a reaction
temperature of 30°C. The tanning wastewater with an ammonia
nitrogen content of 142.1 mg/L was treated further, and the
removal rate of ammonia nitrogen reached 92.10%. The final
ammonia nitrogen content of the wastewater was 11.23 mg/L at
last, which meets the national first-level emission standard. The
energy consumption was 0.047 kw.h/mg, which indicated the
Electro-Fenton is a sustainable and eco-friendly ammonia
nitrogen treatment method for tannery wastewater.
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