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Abstract

In this study, the preparation characteristics of coated electrodes were used to remove organic

matter from wastewater. The effects of low concentration range in different current densities and pH

on the removal of organic substances, chemical oxygen demand (COD) and ammonia nitrogen (NH,-N)

by the coated electrode were explored. The experimental results indicated that the removal efficiency

of NH,-N and COD achieved the optimum value when the electric current density was 8-10 mA/cm?,

the pH value was mild alkaline or neutral, and the electrolysis time was about 30 min. The preparation

process of coated electrode and the mechanism of degradation of organic matter in wastewater were

investigated. The coated electrode was analyzed by blending Energy Dispersive X-Ray (EDX) and

Scanning Electron Microscope (SEM). The results indicated that the titanium-based ruthenium coated

electrode was more suitable for practical application.
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Introduction

With the development of economy, China faced
many environmental problems. The shortage of
water resources and water environment pollution are
the most essential issue [1]. As a new efficient and
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environmental treatment technology, electrochemical
technology had broaded attention by researchers
[2-5]. As an environmentally friendly green technology,
electrochemical technology was very effective for
sewage treatment, and generally no secondary pollution
[6-10].

Electrode was the core of electrochemical
wastewater treatment technology. With the development
of electrochemical technology and electrode coating
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technology, a large number of alloys and new materials
were used to explore the direction of electrode coating
[11-14].

In simple terms, coated electrodes were coated or
sprayed with some metal oxides on the substrate so
that the resulting electrodes had better stability than
the original electrode material. At present, the electrode
matrix material was mainly based on titanium and
brushed with precious metal materials, which made the
electrode possess more stable physical characteristic
and strengthen corrosion resistance properties to ensure
that the electrode did not deform during electrolytic
deposition process. Titanium-based coated electrode,
also known as DSA anode, had the characteristics
of high current density, good energy saving effect,
long working life and relatively simple fabrication
[15-17]. Titanium-based coated electrode could be used
in many aspects of coating electrode electrolysis, such
as chlor-alkali technology, seawater electrolysis, and
waste water purification [18]. In addition, the shape of
titanium-based coated electrodes was very malleable,
with common shapes such as plates, grids, rods and
tubes [19,20]. Considering the high efficiency and
convenience of the electrode plate, the titanium-based
coating eclectrode was prepared by using the mesh
titanium substrate in this experiment. It was facilitated
the operation and increased the effective contact area of
the experiment.

In this study, the titanium-based ruthenium iridium
coating materials were explored, and the ruthenium
iridium coating was analyzed. SEM and EDX analysis
showed that titanium-based ruthenium-iridium coating
could enhance the stability of the electrode. In addition,
the optimal experimental conditions were determined
by orthogonal experiments to achieve higher energy
utilization under certain energy consumption
and improve the efficiency of electrode current.
The elimination effect and dissociation mechanism of
organic matter in wastewater by Ti-based ruthenium-
iridium coating electrode were studied.

Ultrasonic Cleaner

Fig. 1. Flowing chart for preparing coated electrodes.

Materials and Methods
Preparation of Coated Electrodes

The titanium-based ruthenium-iridium electrode
contained three metal elements. The ruthenium-
iridium solution was stirred uniformly and then coated
on the surface of the substrate. In this experiment,
titanium-based ruthenium iridium coating electrode
was prepared by thermal decomposition method [21].
The main process was shown in Fig. 1. Primarily, the
clipping titanium mesh electrode substrate was polished
with sandpaper, and then cleaned with ultrasonic
for 10 minutes to remove organic contaminations on
the superficialis of the titanium plate. Secondly, the
n-butanol, isopropanol and concentrated hydrochloric
acid solutions were uniformly mixed with the mixed
solution of iridium chloride and ruthenium trichloride to
prepare the coating solution. The coating solution was
uniformly applied to the surface of the titanium plate
to remove the external oxide layer with a soft brush.
Dried in an oven of 80 degrees for 5 minutes, dried
in a muffle furnace of 450 degrees and decompose for
5 minutes, then removed the titanium plate and cooled
it to room temperature. Repeated this step 10 times.
At this point, a uniform oxide coating was formed on
the titanium substrate. Finally, the titanium substrate
was brushed again and pyrolyzed in a muffle furnace
for 1 hour. In order to make the coating more stable, the
oxidation coating was completely oxidized.

Experimental Device

Prepared Ti/IrO,-RuO, electrode was used as
anode, and titanium plate was used as cathode.
The test device was shown in Fig. 2. The effective
volume of the diaphragm-less cell was 1 L. This
experiment was powered by DC power supply and the
effective area of the coating electrode was calculated.
Since the selected coating electrode was cylindrical
mesh, it was determined by counting that the electrode
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Fig. 2. Experimental setup.
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Fig. 3. Calculation of electrode area.

had about 600 holes and the shape of the hole was
not exactly the same. Therefore, the calculations were
considered and the following Fig. 3 was obtained
after several measurements. The effective area of
the cylindrical hole coating was calculated to obtain
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Fig. 4. SEM analysis and EDX analysis.

41(1)_pt1

| (o]

| 154V pheiRa OO
15501V 067894  SET

DC power supply

an electrode radius of 4 cm and a height of 11 cm.
However, in the actual electrolysis, the edge of the plate
could not be completely washed, so 10 cm was taken as
the effective height. The actual single surface area of
the cylinder was calculated as 251.2-73.2/2 = 214.6 cm”.
Considering that the actual electrolysis process might
not reach the maximum electrode efficiency and
capillary phenomenon existed, the single surface
area was chosen as 200 cm? in the calculation [22].
The effective area ratio of cathode and anode was 3:1.

Results and Discussion
Analysis of Coating Electrode Properties

The most common determination method for testing
the surface characteristics of coated electrodes was
scanning electron microscopy [23]. SEM presented
the information reflected by the secondary electron
signal by means of an image tube monitor, which could
easily, intuitively and effectively measure the surface
morphology of the coating particles and the structure of
the material in the coating [24, 25]. As shown in Fig. 4,
the electrode surface coating roughness was moderate.
The fluffy structure formed on the surface increased
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Fig. 5. Various components of the plate.

the surface area of the coated electrode and enhanced
the reaction efficiency and electrode utilization [26].
The coating structure was stable, forming a layer of
dense and uniform film, which could effectively prevent
the electrolyte corrosion plate, prolong the service life of
the electrode [27]. There were more obvious diffraction
peaks under many diverse electron volt voltages. This
phenomenon was attributed to the x-ray can directly
contact the titanium substrate on the relatively thin
coating, resulting in peak titanium. By comparing the
diffraction apex with the standard peak, it could be seen

Weight

that the coating material was sufficient mixed and the
fabric is tightly, which could protect the electrode plate.

As shown in Fig. 5, the maximum peak area of
titanium as the substrate was also the most powerful,
and the content was 56.87%. Ru accounted for 21.02%
and Ir accounted for 10.12 %. Titanium as matrix
material not only had long service life, good chemical
stability, but also had relatively low price [28]. Iridium
was one of the coating material mixtures, and iridium
metal had good ductility [29]. Ru was also widely
applied in overlay materials, and its metal had excellent
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Fig. 6. Tafel curve.



Decomposition of Organic Matter from Wastewater ...

3671

Table 1. Orthogonal experiment form.

Number of groups Output current (A) Current density (mA/cm?) Time (min) pH
1 1.2 6 15 3
2 1.2 6 30 5
3 1.2 6 45 7
4 1.2 6 60 9
5 1.6 8 15 5
6 1.6 8 30 3
7 1.6 8 45 9
8 1.6 8 60 7
9 2.0 10 15 7
10 2.0 10 30 9
11 2.0 10 45 3
12 2.0 10 60 5
13 2.4 12 15 9
14 2.4 12 30 7
15 2.4 12 45 5
16 2.4 12 60 3

electrocatalytic performance and could stably produce
chlorine evolution reaction [30].

Electrochemical Analysis of Coated Electrodes

The titanium-based coating electrode used in this
experiment was etched when the corrosion of the original
battery, that was, this red-ox reaction was carried out
on the titanium-based electrode [31]. Corrosion status
of coating directly affected performance life of coating
electrode [32]. As shown in Fig. 6, the electrochemical
corrosion Tafel curve displayed that the corrosion
potential of Ti/IrO,-RuO, electrode was 522 mV, and
the potential was relatively higher than that of iron
and zinc. Corrosion strength was much stronger than
ordinary metal coating. Therefore, the coating material
had wildly corrosion resistance and operation stability.

Determine the Values of Raw Water COD
and NH,-N

Design Orthogonal Test Form

Orthogonal experiment explored the reaction degree
of output current (1.2 A, 1.6 A, 2 A, 2.4 A)), current
density (6 mA/cm?, 8 mA/em?, 10 mA/cm?, 12 mA/cm?)
and pH (3, 5, 7, 9) at 15 min, 30 min, 45 min and
60 min, respectively. The four factors of output
current, current density, time and degree of acidity and
alkalinity were selected to determine the experimental
data without considering the interaction. The purpose

was to save experimental time, save test materials
and obtain the favorite experimental conditions.
The orthogonal experiment table was shown in Table 1.

Determination of COD

As shown in Fig. 7, the chemical oxygen
demand in water was determined by potassium
dichromate method. At first, the ammonium ferrous
sulfate solution was demarcated, and then the COD
in the water sample was determined by reflux
method. Three groups of parallel experiments were
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Fig. 7. COD removal rate.
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conducted each time to ensure the stability of the
data.

Determination of Ammonia

Nessler Reagent Spectrophotometry was applied
for determination of NH,-N in wastewater. As shown
in Fig. 8, the first step was to test the chromogenic
time. The second step was to draw the standard curve.
Finally, the water sample was taken to determine the
absorbance in the colorimetric tube, and the content
of NH,-N was determined by comparing the standard
curve. Three blocks of parallel experiments were
performed each time to guarantee the accuracy of the
data.

Degradation Mechanism

The following conclusions could be obtained from
Table 2:

(I) Under different electrolysis conditions, the
amount of NH,-N consumed by sewage was quite
different [33]. When the influent was weakly alkaline
or neutral, the removal rate of NH,-N was the highest
when the electrolysis time was about 30 minutes.
NH,-N existed in the form of ammonia molecules under
alkaline conditions might be the reason. Nitrogen was
easily generated by electrochemical reaction, and the
concentration of NH,-N reduced. It noticed that the
electrolysis time of NH,-N in biological sewage was not
too long and more suitable for 30 minutes.

(2) The initial pH of the solution also affected the
removal of NH,-N [34]. Water was acidic when the

Ammonia nitrogen values
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Fig. 8. Ammonia nitrogen values.

electrolysis, 15 minutes only consumed a small part of
NH,-N, but weak alkaline conditions, NH,-N removal
rate had been greatly improved. Therefore, weak
alkaline environment could better promote the removal
of NH,-N.

(3) Current density for reducing the concentration
of ammonia had a strong correlation. Theoretically,
the higher the current density, the faster the ammonia
reaction, and nitrogen removal rate should be higher.
But in the actual electrolysis, the current density was
too large, and energy consumption would increase
significantly [6]. For practical applications, it had
a greater impact. For the sake of synthesis, electrolysis
should be carried out at a current of 8-10 mA/cm?, and
energy consumption was relatively small.

The following conclusions can be drawn from
Table 3:

(I) The change of electrolysis conditions had a
great influence on the removal of COD. In the case of
weak acidity and mild alkaline conditions, the COD
consumption was large in about 45 minutes. If the
electrolysis time was longer, the removal rate of organic
matter in sewage had a certain degree of reduction, and
prolonged electrolysis time would lead to the emergence
of side effects in the electrolysis process. During the
electrolysis there were a large number of bubbles and
the whole water body had a certain temperature rise.
For the COD part of the water, the electrolysis time
should be kept at about 45 minutes. Weak acid and mild
alkali had a positive effect on the reduction of COD
concentration, which was not conducive to the reduction
of COD concentration under powerful acid and alkaline
conditions [35]. Especially in weak alkaline conditions,
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Table 2. NH,-N removal rate.

Experiment number Factor

Nt goups | ot | Copetdenis | Pue |y | Ao | Ao
1 1.199 5.995 15 2.97 0.3747 27.50
2 1.199 5.995 30 5.03 0.1550 70.01
3 1.199 5.995 45 6.95 0.1034 79.99
4 1.199 5.995 60 8.92 0.1421 76.60
5 1.599 7.995 15 5.00 0.1938 21.06
6 1.599 7.995 30 3.02 0.0646 73.69
7 1.599 7.995 45 8.99 0.0388 84.20
8 1.599 7.995 60 7.00 0.3876 78.72
9 1.906 9.530 15 7.00 0.0904 63.18
10 1.999 9.995 30 8.95 0.0678 47.37
11 1.999 9.995 45 2.98 0.0388 84.20
12 1.999 9.995 60 4.99 0.0000 100.00
13 1.843 9.215 15 8.99 0.0129 94.75
14 1.994 9.97 30 7.01 0.0000 100.00
15 2.399 11.995 45 5.00 0.1292 47.37
16 2.399 11.995 60 2.98 0.0775 68.43
K1 2.541 2.065 2.538
K2 2.577 2911 2.384

13.713
K3 2.948 2.958 3.219
K4 3.106 3.238 3.029
K1 0.635 0.516 0.635
K2 0.644 0.728 0.596
1.143

K3 0.737 0.740 0.805
K4 0.777 0.810 0.757
R 0.135 0.294 0.209

the removal rate of chemical oxygen demand was the
highest. In consequence, in order to save cost, the initial
acidity and alkalinity of sewage should be appropriately
improved in the application.

(2) Current density was closely related to COD
removal. With the increase of current density, COD
removal rate increased significantly. This indicated
that high current density had a certain promoting
effect on COD removal by electrolysis. But when
the current density exceeded a certain limit, COD
removal rate increased slowly. The reason was
that under high current density, the liquor temperature
rose, very large part of the energy generated by
the electrode generated heat, resulting in decreased
energy efficiency of the manufacturing equipments [36].

The current density should not be infinitely expanded to
prolong the operating life of the electrode.

Conclusions

Titanium-based ruthenium iridium coating electrode
Ti/RuO,-IrO, as anode had many advantages such
as long service life, stable property and strong anti-
oxidation ability. The change of experimental conditions
had great influence on the degradation of organic
matter in wastewater, among them, the weak alkaline,
relatively high current density and proper electrolysis
time, had a good effect on the electrolysis experiment.
The data obtained by orthogonal experiment could
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Table 3. COD removal rate.

Experiment number Factor
Number of groups Outpl&c)urrent Cug;ezt/zl;r;;ity Tme (min) PH C(()I]I? g}/il)ue COD rer;}oval rate

1 1.199 5.995 15 297 37.6667 1.74
2 1.199 5.995 30 5.03 33.0000 13.91
3 1.199 5.995 45 6.95 34.6667 9.57
4 1.199 5.995 60 8.92 21.6667 19.75
5 1.599 7.995 15 5.00 36.3333 9.21
6 1.599 7.995 30 3.02 18.0000 28.95
7 1.599 7.995 45 8.99 42.0000 65.79
8 1.599 7.995 60 7.00 12.3333 54.32
9 1.906 9.530 15 7.00 23.6667 6.58
10 1.999 9.995 30 8.95 28.3333 35.61
11 1.999 9.995 45 2.98 22.0000 50.00
12 1.999 9.995 60 4.99 31.0000 29.55
13 1.843 9.215 15 8.99 30.6667 30.30
14 1.994 9.970 30 7.01 26.0000 40.91
15 2.399 11.995 45 5.00 27.6667 30.25
16 2.399 11.995 60 2.98 27.3333 31.09
K1 0.450 0.478 0.668

K2 1.583 1.194 1.194

4.576

K3 1.217 1.556 1.556

K4 1.326 1.347 1.515

1 0.113 0.120 0.167

K2 0.385 0.299 0.299

0.396

X3 0.304 0.389 0.389

K4 0.332 0.337 0.379
R 0.272 0.269 0.222

provide reference for the actual large-scale treatment of
organic wastewater. Ti/RuO,-IrO, electrode was stable
and efficient in the treatment of organic wastewater.
When selected coating electrode materials, it had
obvious advantages.
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