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ABSTRACT
Ammonia as energy carrier has been recognized and
is a hot research topic in recent years. NH3-N often
contaminated in municipal wastewater and caused
eutrophication of water body. The use of an
electrochemical deionizing and ingathering (EDI)
method exhibits the ability to segregate targeted ions
absorbed in a dilute solution. Through multistage
experiment, we demonstrated a concentration of NH4+
of 836.3 mg/L and 1734.8 mg/L, 1032 and 953 times of
magnitude respectively in the multistage process.
Besides, we analyzed the possibility of separation of
these ions by increasing applied voltage. This
technology provides a feasibility of retrieving ammonia
from a very low concentration in wastewater to be as
energy resources.
Keywords: electrochemical deionizing and ingathering,
ammonia ions, segregation

1.

INTRODUCTION
Research topics about nitrogen removal from water
body has been the top priority to scientists in this field
[1, 2]. Ammonia is the main contaminant in domestic
wastewater and since it is toxic to organism, it is quite
difficult to treat this type of wastewater. One process to
remove NH3-N is nitrification and its denitrification
technology, in which parts of NH3-N was biologically
oxidized to nitrite or nitrate and then reacted with NH3-

N to form N2 [3]. However, this biological denitrification
process needs a restrict condition, i.e. the concentration
of NH3-N/organic carbons should be kept at ratio of
around 1/30. That means it needs additional chemicals
and energy consumptive. In addition, the removal of
NH3-N by metal precipitation can also lead to secondary
pollution, which is not a sustainable way [4]. More
advanced methods like electrodialysis (ED) technology
and ion exchange (IE) technology can achieve the
extraction of ammonium ions to purify water, which has
a prospect for application. However, the high costs
obstruct the development of both techniques due to
the energy consumption of ED [5] and resin
regeneration of IE [6]. Another alterative technology is
electrodeionization method, which is developed on the
basis of the advantages of ED and IE, has a trustworthy
reputation in the production of ultra-pure water [7]. It is
superior to many methods, due to the electricregeneration of resin without chemicals and the ability
to remove metal ions [8-10].
Previous works of the electrodeionization have
been focused on the removal of salts to purify water
instead of retrieval of those salts as resources. All the
researches provide evidence for the ability of this
technology to retrieve useful ions and purify the water
simultaneously [11], thus this technology can be
considered as a promising approach for the retrieval of
ammonia in domestic and municipal wastes especially a
landfill leachate containing higher concentration of
ammonia [12-15]. However, there still are some

Selection and peer-review under responsibility of the scientific committee of the 12th Int. Conf. on Applied Energy (ICAE2020).
Copyright © 2020 ICAE

imperfections according to previous studies, e.g. the
concentration of NH3-N in the concentrated solution
was only 80~100 mg/L, not high enough to retrieve
them.
Herein, we made attempt to solve the problems
mentioned above by employing the electrochemical
deionizing and ingathering (EDI) method. First, we
ameliorated the conventional EDI set-up, which had
been in application of the metal ions recovery [16, 17]
with no precipitation on the surface of the ion exchange
membrane. Second, in order to increase the enrichment
factor, and to improve the utilization of electrical
energy, a multi-stage EDI process was adopted in this
paper. After enrichment of 3-stages EDI process, a 3orders magnitude of NH3-N from mg/L ingathered to be
as g/L has been achieved to identify the possibility and
applicability of ammonia retrieval. As it noticed that
ammonia as energy and hydrogen carrier (17.6 w/w%
H2) has become a hot research topic in recent years
[18]. This technology provides an alternative option for
energy retrieval from a waste.
2.

EXPERIMENTAL

re=

Ci -Co
100%
Ci

(2)

where, Cc, Ci and Co represents concentration of i in the
concentrate compartment, influent and effluent,
respectively.
3.

RESULTS AND DISCUSSION

3.1 Electrical force for ion’s migration
Table 1 listed the enrichment degree of ammonia
against different applied voltage, it was obvious that
with the increase of applied voltage. The concentration
of NH4+ in concentrate compartment increased and the
retrieval of the ammonia as ed were 9.5, 10.6 and 12.1
after 11 hours corresponding to the applied voltage of
2.5 V/cm, 3.8 V/cm and 5.0 V/cm, respectively.
Table 1. The enrichment degree (ed) of ammonia against
applied voltage (The initial concentration of ammonia was
100 mg/L.)
Applied voltage
V/cm

2.5

3.8

5.0

Enrichment degree
ed (times)

9.5

10.6

12.1

2.1 Materials
The experimental set-up was illustrated in our
previous works [19, 20]. The EDI device consisting of
five separate compartments was the most important
part of the experiment. The five compartments were:
anode compartment, cation resin-loaded compartment,
concentrated compartment, anion resin-loaded
compartment and cathode compartment, respectively
from left to right in the EDI device. It is worth
mentioning that the resin-loaded compartment was
placed between two resin membranes thus the five
compartments were separated one from each other by
the membranes, to achieve the retrieval and
purification without secondary pollution and
precipitation.
2.2 Analysis
Ion chromatographic method was adopted to
analyze NH4+ and coexisted ions. Enrichment degree
(ed) and removal efficiency (re) were adopted to
determine the performance of the EDI in removing low
concentration nutrient anions. Equations were as
follows [21]:

ed 

Cc
Ci

(1)

The ed increased under a higher applied voltage,
meanly because ions transported through ion exchange
membranes under the driving force of applied voltage,
and higher voltage had an positive effect on the anions
diffusion and transfer.
Under electrical forces, the migration of ion i
corresponds with valence state of zi and mobility of ui .
The transport of ions through ion exchange membranes
can be determined by three contributions as electrical
migration, ion diffusion and convective term,
respectively. At higher applied voltage, the electromigration dominated the ion transport. In this case, the
diffusion and the convection terms could be ignored,
and the electrical migration can be described by the
simplified Nernst-Planck relationship of Eq. (3):

Ni

zi Ci u i grad

(3)

Here, gradφ depicts potential gradient, and higher
electric energy would make the gradφ value increase,
thus more NH4+ transferred to the concentrated
compartment at a higher voltage.

Copyright © 2020 ICAE

3.2 Metal hydroxide precipitation
In Table 2, the pH values were less than 7.00 after
30min and decreased gradually during the whole
operation process. When the time was 660min, the pH
values were 1.97-3.21. This was mainly because that the
migration velocity of H+ was higher than that of the OH-.
Thus this acidic solution was effective to avoid the
precipitation phenomenon in the concentrated solution
[17].
Table 2. pH value in the concentrated compartment under
different applied voltage
Time (min)

2.5 V/cm

3.8 V/cm

5.0 V/cm

0

7.21

7.21

7.21

30

6.88

6.83

6.71

60

6.29

5.21

4.96

90

5.00

4.50

120

4.13

150

3.58

180

17.9 mg/L in the dilute effluent, with the ed of 9.6 and
re of 90.1%.
It can be seen from the table after three stages of
enrichment, 3-orders of magnitudes was achieved, that
is the concentration of ammonia from mg/L to g/L. In
Example 1, NH4+ concentrations in the effluent were
0.81mg/L and 1.82mg/L respectively, which were far
below the discharge criteria. The enrichment degrees of
NH4+ reached 1032 and 953 times of magnitude,
respectively.
Table 3. Multistage enrichment at the applied voltage of 3.8
V/cm, with the flow rate of 20 mL/min and the initial
concentration of 82.0 mg/L and 180.5 mg/L in the first stage.
Concentration (mg/L)
Example 1-

Example 2-

Initial concentration

82.0

180.5

3.54

First stage (concentrated)

836.3

1735.0

4.08

2.50

Second stage (influent)

8.0

17.9

3.50

2.38

Third stage (effluent)

0.81

1.82

3.42

3.21

2.33

210

3.25

3.04

2.29

240

3.26

2.92

2.25

300

3.25

2.79

2.25

360

3.25

2.67

2.13

420

3.25

2.58

2.04

540

3.21

2.58

1.98

660

3.21

2.54

1.97

3.3 Multistage experiment
Wastewater Example 1- with NH4+ concentration of
82.0 mg/L and Example 2- with NH4+ concentration of
180.5 mg/L were applied respectively to multistage
experiments, with the applied voltage of 3.8 V/cm, the
flow rate of 20 mL/min and the time of 11h. The dilute
effluent of the first stage was taken as inflow of the
second stage, and the dilute effluent of the second
stage as inflow of the third stage. The experimental
results were shown in Table 3. It could be seen from
Table 3 that NH4+ could be retrieved from the
wastewater to the recovery concentration. As to
Example 1-, after 11h, concentration of NH4+ in the
concentrated compartment was 836.3 mg/L and 8.0
mg/L in the dilute effluent, with the ed of 10.2 and re of
90.2%. For Example 2-, after 11h, concentration of NH4+
in the concentrated compartment was 1735.0 mg/L and

3.4 Applicability
With reference to leachate in municipal solid waste
of Hangzhou, China, we testified the practicality of the
EDI device. The initial concentration of ammonia were
as follows: NO3- 2.6 mg/L, NH4+ 82.0 mg/L, and PO435.58 mg/L. The retrieval of N was operated as described
in Table 3. the applied voltage was 3.8 V/cm, flow rate
was 20 mL/min. The discharge standard and
concentration of NO3- NH4+, and PO43- in the effluent
treated by EDI process were listed in Table 4.
Table 4. The mean concentration of purified water by EDI
process in contrast with the discharge standard
Concentration (mg/L)
NO3-

NH4+

PO43- (P)

Discharge
standard

10.0

5.0

0.5

Purified water

0.18

0.81

0.46

As is shown from Table 4, NH3-N from the
wastewater could be removed and retrieved before
entering into A2O of municipal sewage plant.
Furthermore, NO3--N PO43- (P) could also be removed,
thus the nitrification and denitrification process can be
omitted and make the process more simple.
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