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Abstract. Naphthalene organic compounds are produced and consumed widely in China recently,
which has brought about great pressure to the local environment. How to cope with naphthalene
organic intermediate wastewater (NOIW) effectively becomes an urgent task in the coming years.
Electro-catalysts oxidation (ECO), a kind of efficient and convenient technology without secondary
pollution, has been broadly applied in biorefractory wastewater treatment. In this paper, Tobias acid
was selected as a typical naphthalene organic compound to be treated through ECO, during which
sodium chloride was invoked as the electrolyte. The degradation law was investigated under various
electrolysis conditions including concentration of tobias acid, current density, concentration of
supporting electrolyte sodium chloride, initial pH of the solution. The optimal conditions were as
follows: the current density was 150 mA/cm?, concentration of supporting electrolyte sodium
chloride was 5000 mg/L and initial pH was 10.0. In addition, the experiment was carried out to
explore the mechanisms of electro-catalytic oxidation in which the electrolyte was changed to
sodium sulfate. Results showed that indirect oxidation contributed more to the electrochemical
reaction in the tobias acid degradation compared with direct oxidation. Furthermore, some active
oxidants such as chlorine, hypochlorous acid and hypochlorite generated by electrolysis of chlorine
ions played decisive roles in the indirect oxidation as well as the whole electrolysis process.

1.Introduction

As environmental pollution the naphthalene organic compound caused becomes more and
more serious, the way to solve NOIW has received tremendous attentions. However, NOIW not
only has the general characteristics of benzene wastewater, but also has the following features
[1][2]:1)high water-solubility, high concentration, complicated composition; 2)strong acid(alkali);
3)dark color; 4)great toxicity; 5)low bio-degradability.

As a new method of wastewater treatment, ECO has the unique features which are not
possessed by the traditional methods. Different types of ECO for refractory wastewater have
attracted a great deal of attention[3][4]. Tobias acid, a typical naphthalene organic compound, was
selected to be degraded through ECO. And its degradation law with the changes of various
electrolysis conditions was investigated in this paper. On the base of it, the mechanisms of
degradation had been analyzed by changing the electrolyte to sodium sulfate from sodium chloride.

2.Experimental Methods

2.1 Experimental instruments and materials
Main experimental materials: tobia acid; sodium chloride; sodium sulfate; sodium hydroxide;
potassium dichromate; pH buffer; silver nitrate
Main experimental instruments:LB-901 COD constant temperature heater; precise pH instrument ;
HJ-3 thermostatic magnetic agitator; BS 224 S electronic balance
2.2 Experimental device

The two-dimensional flat-plate electrochemical instrument is shown in figure 1. The
specification of electrolytic cell which is made of pmma is 180*60*150mm. Titanium and graphite
used for anode and cathode respectively are paralleled in electrolytic cell which are put in the
magnetic stirrer. In addition, there is 5mm between titanium plate and graphite plate whose
specification is 60*50*20mm and 50*50*1mm. Circuit consists of outside sources and wire. At last,
voltage and current can be adjusted directly.
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1.DC regulated power supply(including digital display) ; 2.Magnetic stirrer; 3.Magnetic rotor ;
4.Electrolytic cell; 5.Titanium electrode 6.Graphite electrode
Fig 1 The diagrammatic sketch of electrochemical oxidation

2.3Experimental procedures

Firstly, 1L tobias acid sample of certain concentration was compounded. Then 550ml sample
was added into the electrolytic cell. The current reached at set value under the reaction conditions
through regulating the voltage. Finally, certain water samples were removed at regular intervals
then the parameters like current, voltage values, COD removal rate and current efficiency were
registered[5][6].

3. Results And Discussion

3.1 Effect of current density
Experiments were performed under selected experimental conditions: the concentration of
tobias acid was set at 300mg/L, sodium chloride concentration was 3000mg/L, current density was

set at 50, 100, 150, 200 mA/cm? respectively.
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Fig 2 Effect of current density on
COD removal efficiency and current efficiency

From figure 2, it’s obvious that the removal rate of COD was proportional to current density of
50~200 mA/cm?. In details, the removal rate of COD grew sharply as the current density increased
from 50 to 100 mA/cm? while current density changed from 100 to 200 mA/cm?, the growth of
COD removal rate slowed. As for current efficiency, it rose steadily first to the maximum value at
current density 150 mA/cm? then fell when current density continued to increase. In a word, with
the raising of current density, the degree of the oxidation came up as well as the speed of the
reaction and COD removal rate.
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When current density was under 100 mA/cm?, as current density ascended, the concentration
of hydroxyl radical which was formed in the reaction increased. The organics were degraded rapidly
through quick oxidation and free radical chain process, under the reaction of hydroxyl radical. At
that time, electrobath voltage was still lower than the overpotential for oxygen evolution with no
remarkable side effects[7][8]. Therefore, COD removal rate increased as well as current efficiency.

In higher current density condition(above100 mA/cm?), with the ascension of the current density,
electrobath voltage rose to exceed overpotential for oxygen evolution of anodic, which strengthened
side effects. Meanwhile, the mass transfer process of organic matter was deterred by a large number
of bubbles on the surface of the anode. As a result, current efficiency began to decline and the
increasing tendency of COD removal rate became gentle.
3.2Effect of sodium chloride concentration

Experiments were conducted under the conditions that the concentration of tobias acid was 300mg/L,

current density was 150mA/cm 2, sodium chloride concentration was set at 2000mg/L, 3000mg/L, 5000mg/L,
7000mg/L. Then the solution was tested when electrolysis time was 120min.
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Fig 3 Effects of concentration of sodium chloride on
COD removal efficiency and current efficiency
Figure 3 illustrates the effect of sodium chloride concentration on efficiency of COD removal
and current. COD removal rate and current efficiency went up first and dropped later with the
growth of the sodium chloride concentration. When the concentration of sodium chloride was
5000mg/L, COD removal rate and current efficiency reached its peak of 16.66% and 62.40%
respectively.

It could be manifested that solution conductivity increased as the concentration of sodium
chloride went up. In condition of a definite current density, the output voltage reduced which was
beneficial for anode to work at lower overpotential for oxygen evolution and the extent of side
reaction lessened subsequently. At the same time, an amount of indirect oxidation agent raise greatly,
resulting in a rise of COD removal rate. But a number of chloride ions were adsorbed on the surface
of anode when sodium chloride concentration was too high, which hindered the mass transmission
and adsorption of organic pollutants on the surface of the anode, leading to a decline of COD
removal rate.
3.3Effect of tobias acid concentration

Experiments were performed under the conditions that the concentration of sodium chloride

was 300mg/L, current density was 150mA/cm?, tobias acid concentration was set at 50mg/L,
100mg/L, 200mg/L, 300mg/L. Then the solution was tested when electrolysis time was 120min.
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Fig4 Effects of concentration of tobias acid on
COD removal efficiency and current efficiency
It can be observed from figure 4 that the higher the concentration of tobias acid was, the higher
current efficiency became when tobias acid concentration ranged from 50~200 mg/L. However,
COD removal rate changed oppositely, which was inversely proportional to the concentration of
tobias acid. Fundamentally, the higher the concentration of tobias acid was, the more molecules
participated in during the reaction. As a result, the absolute values of removing COD increased
although the increasing amplitude of it was still smaller than COD removal rate. Meanwhile, the
rise of current efficiency was mainly contributed to the improved probability of collision and chain
transfer reaction between organics and active intermediate materials produced in the electrolysis
process.
3.4 Effect of sodium sulfate electrolyte
Indirect oxidation is a way in which a variety of oxidants produced during electrochemical

reaction are used to degrade organic pollutants. Considering that CI~ was widely distributed in
practical wastewater, sodium sulfate was used in place of sodium chloride for investigating the

function that Cl,, CIO~ and HCIO played in indirect oxidation.
The concentration of tobias acid was set at 50mg/L, sodium sulfate concentration was

5000mg/L, current density was 400mA/cm?. Examine the solution when electrolysis time was
60min, 120min, 180min and 240min.
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Fig 3-7 COD Changes of the solution when the electrolyte is Na,SO,4
As can be seen from Fig 3-7, the COD of solution descended around 13.6 mg/L when
electrolysis time reached 120min while COD was reduced by 35 mg/L and the removal rate of COD
was 40.74%, when time came to 240min. However, COD removal rate reached 71.15% in condition
that the electrolyte was NaCl, concentration of tobias acid was 50mg/L and current density was set
at 150mA/cm?.
3.5 Analysis of the electrolytic reaction mechanism
According to the Comninellis’s theory of ECO [9], reactive oxygen on the surface of IrO,

electrode was apt to selective oxidation for treating organics. That was to say, it would succeed in
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reacting with aromatic materials rather than fatty acid. Reaction in anode Ti/lIrO, might take place

when solution was electrolyzed: first of all, tobias acid would be got involved in the direct
electrochemical reaction on the electrode[10-12](R represent tobias acid).

Ir0O, +H,0 > IrO,(HO )+ H" +e~ (1)
Ir0,(HO) > IrO, + H™ +e” (@)
R+1rO, - RO+ 1r0O, (3)

Otherwise, it’s generally recognized that tobias acid could be oxidized by some strong active
oxidants produced on the electrode through indirect electrochemical process[13-17]. The
intermediate active species generated during the reaction were largely composed of H, O, , HO, -,

ClO~, HO - [18-20].
Once Cl ™ existed in the solution, the reactions would occur:
Cl"+e > Cl, 4)

Cl,+H,0—>2H" +CIO™ +CI" (5)
ClIO"+R—>RO+CI” (6)

Furthermore, the side effects are described as follows which would have an impact on the
current efficiency of anode IrO, , especially the oxygen evolution reaction.

40H  -4e” -5 0,+2H,0 (7)
H,O0+2¢e"——H,+20H" (8)

All in all, direct and indirect oxidations happened simultaneously during the reaction of
electro-catalysis. On one hand, IrO, played the vital part of oxidation in direct oxidation as shown

in equation (1-3). But the effect of direct oxidation was heavily undermined by the side reaction
stemmed from the low potential of IrO, anode, which could be confirmed by the low current
efficiency as shown in Fig(2-4). On the other hand, it could be inferred that Cl,, CIO- and HCIO
during indirect oxidation played a principal part in the indirect oxidation as well as the whole

electrolysis process when large numbers of chloride ions exiting in solution, which could be
confirmed by the results in Fig 3-7. The sharp reduction of COD degradation ability was mainly due

to a lack of intermediate active materials such as Cl2, CIO- and HCIO once NaCl was replaced by
Na, SO,.

4 Conclusion

After studying on COD removal rate and current efficiency under different electrolytic
conditions, the optimal conditions were turned out and the reaction mechanism on degradation of
tobias acid was discussed.
1.Current efficiency increased with the rising tobias acid concentration. Nevertheless COD removal
rate went down at the same time.
2.COD removal rate was well correlated with current density. However, current efficiency went up
first to maximum value of 16% when current efficiency was 150mA/cm? and then dropped down.
3. When the concentration of sodium chloride came to 5000mg/L, COD removal rate and current
density reached a peak at the same time.
4.Indirect oxidation contributes more to the electrochemical reaction in the tobias acid degradation
compared with direct oxidation. Furthermore, some active oxidants such as chlorine, hypochlorous
acid and hypochlorite generated by electrolysis of chlorine ions played decisive roles in the indirect
oxidation as well as the whole electrolysis process.

© 2016. The authors - Published by Atlantis Press 0115



2016 International Conference on Civil, Structure, Environmental Engineering (I3CSEE 2016)

References

[1] Fu Chun, Developments of Treatment Technology of Naphthalene Dye Intermediate
Wastewater in China, dyestuff industry[J]. 2002, 39, (3): 35-38.

[2] Xie Rui. Overview of the treatment technology of dyestuff industry wastewater[J].
Environmental protection of chemical industry, 1994, 3(14): 139-142.

[3] C. Pulgarin, N. Adler,P.Pieringer, C. Comninellis,Electrochemical detoxification of a
1,4-benzoquinone solution in wastewater treatment,” Water Res. 28, 1994, (4): 887-893.

[4] Kelly L., Meaney, Sasha Omanovic., “Sn -Sb -Mn -Pt -oxide/Ti anode for the electro-oxidation
of aqueous organic wastes,”Materials Chemistry and Physics. 105, 2007, 143-147.

[5] Ch.Comninellis, A. Nerini. Anodic oxidation of phenol in the presence of NaCl for waste water
treatment[J]. Journal of Applied Electrochemistry, 1991, 25: 23-28.

[6] State Environmental Protection Administration of China.Detection and analysis method of water
and waste water[M]. China Environment Science Press. 2002.

[7] Martin H.B., Argoitia A., Landau U., Anderson A. B., Angus J.C. Hydrogen and oxygen
evolution on boron-doped diamond electrodes[J]. Electrochem. Soc., 1996, 143: L133-L136.

[8] ChenX.M., Gao F.R, Chen G.H. Comparison of Ti/BDD and Ti/SnO -Sb O Electrodes for
Pollutant Oxidation[J].Appl. Electrochem., 2005, 35: 185-191.

[9] Comminellis Ch et al. Preparation ofSnO2-Sh205 films by the spray pyrolysis technique. J
Appl Electrochem, 1996; 26: 83~89.

[10] ChenX.M., Gao F.R, Chen G.H. Comparison of Ti/BDD and Ti/SnO -Sb O Electrodes for
Pollutant Oxidation[J].Appl. Electrochem., 2005, 35: 185-191.

[11] Zheng Fuer, The principle and electrode materials of Electrochemical Oxidation Processes and
its application in the control of environment pollution [D]. Fuzhou: Fuzhou university College of
environment and resources.

[12] Steve K,et al.Electrochemical Inciceration of 4-Chocrophenol and the Identification of
Products and Intermedoates Mass Spectrometry[J]. Environ. Sci. Tech, 1999, 33(15): 2638-2644.
[13] Cossu R, Polcaro A M, Lavagnolo M C, et al. Electrochemical treatment of landfill leachate:
oxidation at Ti/PbO and Ti/SnO Anodes[J].Environ. Sci. Technol., 1998, 32(22): 3570-3573.

[14] Song Yuehai, Wei Gang, Xiong Rongchun. Study and application of catalytic electrode for
wastewater treatment[J]. Technology of water treatment, 2006, 12(32): 52-59.

[15] Song Weifeng, Lin Meigiang, Ni Yaming, Study on the mechanism of electrolytic catalytic
degradation of organic pollutants in high performance liquid chromatography. Chongging
environmental science. 2003, 25(3): 22~25

[16] Wang Aiming, Qu Jiuhui, Ge Jiantuan. The advances on the mechanisms of electrochemical
treatment of organic pollutants[J]. Techniques and Equipment for Environmental Pollution Control.
2002, 3(10): 10-13.

[17] Mia R S, Loew M H, Wear KA, et al. Mean scatterer spacing estimation using the complex
cepstrum[J]. Proc SPIE-Int Soc Opt Eng. 1997, 3034(Pt1-2): 713~722.

[18] X.Y. Li, Y.H. Cui, Y.J.Feng. Reaction pathways and mechanisms of electrochemical
degradation of phenol on different electrodes[J]. Water Research, 2005, 39: 1972-1981.

[19] Harparkash Kaur and Barry Halliwell. Aromatic Hydroxylation of Phenylalanine as an assay
for Hydroxyl Radicals[J].Analytical Biochemistry, 1994, 220. 11-15.

[20] Wang Hui, Wang Jianlong , Zhan Xinmin.Electrochemical method treatment of dye effluents
containing NaCl of high concentration[J].China environmental science, 1999, 19(5): 441~444.

© 2016. The authors - Published by Atlantis Press 0116





