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Abstract

The main focus of this research is to develop a systematic method for the
electrochemical degradation of Eosin Yellow (EY) dye from its aqueous
solution by synthesized Ru/graphite modified electrode. The Ru/graphite
modified electrode had very good catalytic activity. The coated Ru/graphite
modified electrode was applied to electrochemical degradation of eosin yellow
dye solution. A comparison between the kinetics of degradation by graphite
and Ru/graphite modified electrode was studied. The effect of EY dye
concentration, pH, current density and temperature on degradation rate was
studied. The rate constant increases with current and deceases with [EY]. The
anodic oxidation by Ru/graphite modified electrode showed the complete
degradation of aqueous solution eosin yellow, which is confirmed by UVVisible and COD measurements. The process is one of the advanced oxidation
processes (AOPs) and generates hydroxyl free radicals (˙OH) which attacks
the dye molecules, resulting in degradation of the dye molecules. The thin film
formation of Ru or encapsulated in graphite rod is observed from SEM/EDX.
The ICE values of different experimental conditions are calculated. These
results indicated that the Ru/GME would be promising anode for
electrochemical degradation of eosin yellow. The dye is converted into CO2,
H2O and simpler inorganic salts. The method can be applied for the
remediation of waste water containing organics, cost effective and simple.
Keywords: Eosin yellow (EY), Graphite Electrode, Ruthenium graphite
modified electrode (Ru/GME).
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INTRODUCTION
Graphite electrodes are well used in electrochemical degradation due to their good
electrical conductivity and chemically inert behavior. Moreover, the inexpensive
manufacturing costs compared to alternative electrode materials such as precious
metal electrodes, in addition to adaptable morphology and capability of change in
surface chemistry which can greatly influence its electrochemical behavior, make
them a favorable choice [1]. Graphite is significant two-dimensional carbon formed
by electronic superiority and elevated crystal, found as a quickly growing in the
branch of material science. Graphite is slimmest recognized as well as powerful
detected material on earth. Graphite is described as two-dimensional crystal, consist
of a single layer of carbon atoms and contains numerous graphene-sheets held
collectively by weak Vander Waals forces. Thus accredit by a single layer of carbon
atoms thickly enclosed in a comb like complex [2-4]. In recent years, applications of
chemically modified electrodes (CME) have made great success in various areas of
research and development, such as material electro catalysis, electronics, corrosion
and inhibition, biosensors and electro analysis [5]. Electrochemical degradation of
organic pollutants has been investigated by many researchers, and it has been proved
as a cost-effective technology. Thus electrochemical degradation is a good choice of
removing Eosin yellow [6-7]. Textile dyes are the largest group of chemical being
produced all over the world. Synthetic dyes are widely used in dyeing, painting,
leather making, printing, paper making, cosmetics, photography and coating [8].
Eosin yellow is a synthetic anionic heterocyclic compound of halogenated dye.
Having IUPAC name,2-(2,4,5,6 – Tetra bromo -6-Oxido-3Hxanthenes-9-yl) benzoate
disodium salt. It is highly water soluble and belongs to the red fluorescent class of dye
in the form of triclinic crystals. All forms of eosins are bromine derivatives of
fluorescein. Eosin yellow is a stable dye [9-10]. However a limited number of papers
have been published for the destruction of dyes by electrochemical methods [11-14].
The above mentioned statements have motivated to synthesize Ru/GME by
electrochemical method for the degradation of eosin yellow dye and reported in this
paper.
EXPERIMENTAL
A solution of Eosin yellow (EY) (LOBACHEMIE) was prepared [0.0001M].The
8.9cm length and 0.55cm diameter graphite electrode (ALFA AESAR) was used. The
1.6cm length graphite electrode is dipped into to the above solution. Prior to
experiment, the surface pretreatment of graphite electrode was performed by hand
polishing of the electrode surface with successive grades of emery papers down to
3000 grit up to a mirror finish. The polished electrode was then degreased with 1:1
HCL solution, acetone and washed with running doubly distilled water and utilized
for further electro deposition. The experimental setup is shown in the figure (1).
Ruthenium was deposited on Graphite electrode from RuCl3 (Arora matthey) solution.
All chemicals used were of accepted grades of purity. It consists of reaction chamber
and a voltage power supply. The electrode system consists of a Graphite Modified
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Electrode as anode and a Ru electrode as cathode in case of degradation of dye by
anodic oxidation with graphite electrode .The distance of the anode and cathode was 2
cm.The kinetic runs were carried out with Graphite electrode alone as anode. In
another case, Ru (III) thin film deposited on a conductive Graphite electrode has taken
as anode and Ru electrode as cathode. The experiment was run from 10 to 370
minutes with continuous stirring. The kinetic runs were carried out for different
concentration of eosin yellow and different applied current. To account for the
mineralization of the dye solution COD was measured at regular intervals of time.
The pH of the solution before and after electrolysis was measured. A positive voltage
20V was applied by using battery eliminator (NEULITE INDIA) and current output
of 2.5mA-5.5mA using rheostat (INSIFINDIA).The decolourisation and
disappearance of eosin yellow was followed by using spectrophotometer (ELICO
SL171).

Figure 1: Synthesis of Ru/GME by electrochemical method
Table 1: Properties of Eosin Yellow Dye
Dye

Chemical
Formula

Molar
Mass

Wavelength

Eosin
Yellow

C20H6Br4Na2O5

691.86
g·mol−1

510nm

Structure
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Figure 2: Experimental set up for electrochemical degradation of EY Dye
RESULTS & DISCUSSION
Degradation reaction with graphite as anode electrode
Effect of eosin yellow on the rate
The reaction performed in the presence of EY (0.0001M), with constant current
(3.5mA). The change in concentration of the eosin yellow was recorded by change in
colour using spectrophotometer. A plot of log%T (percentage transmittance of light)
versus time was linear upto 65% of the reaction indicating disappearance of EY
follows first order kinetics. The rate constant values are given in table 2.The reaction
rate decreased with increase in EY. The decrease of rate at higher concentration is due
to the formation of a thin film of dye on the surface of the Graphite electrode,
decreases the rate of flow of current across the electrode-solution interface, which
decreases the concentration of OH radicals. The pH value shows slight increase
towards the alkaline pH after degradation. The COD for Eosin yellow solution before
and after electrolysis were measured. (Table-2, Fig-3). The COD value obtained after
degradation was within the permitted limit of water.
Table 2: Effect of [EY] on the rate of degradation and COD values
[Current = 3.5mA, Temperature = 303K]
[EY] 10-4
M

105 k in
sec-1

0.5

4.22

7.30

7.42

336

16

1.0

3.07

7.45

7.57

416

16

1.5

1.91

7.58

7.71

528

24

2.0

1.53

7.72

7.89

660

32

Effect of pH
Before
After
degradation degradation

COD Values in mg/L
Before
After
degradation degradation
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Figure 3: [A] Effect of Concentration of EY on rate of degradation and [B] COD Value
Effect of current on the rate
At fixed 0.0001M [EY] the rate of reaction increased with increase in applied current.
The rate constant values are given in table 3. The current is varied from 2.5mA5.5mA. The increase of current increases the concentration of oxidizing intermediates
and OH radicals, which increases the rate of the degradation. The COD for different
current of eosin yellow solution before and after electrolysis were measured.(Table-3,
Fig-4).
Table 3: Effect of Current on the rate of degradation and COD values
[EY = 1.0X10-4 M, Temperature = 303K]
105 k in
sec-1

Before degradation

After degradation

2.5

1.53

416

16

3.5

3.07

416

32

4.5

3.83

416

24

5.5

5.37

416

16

Current in mA

COD Values in mg/L

Figure 4: [A] Effect of current of EY on the rate of degradation and [B] COD Values
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Effect of Temperature

To examine the effect of temperature the experiments are carried out at three different
temperatures, the increase of temperature increases the rate of the reaction. It is
observed that the rate of removal of colour is not very significant at low temperature,
however the reaction is more significantly influenced at higher temperature. Since the
diffusion rate is increased with temperature, an increase of temperature could bring
about an increase in the degradation rate. The rate constant and COD for before and
after degradation of dye are reported in table 4 and figure 5 . Thermodynamic
parameters are calculated and are reported in table 5.
Table 4: Effect of Temperature on the rate of degradation and COD values
[EY= 1.0X10-4 N, Current =3.5mA]
Temperature in
K

105 k
in
sec-1

293
303
313

0.76
3.07
5.37

COD Values in mg/L
Before
After degradation
degradation
416
24
416
32
416
16

Figure 5: [A] Effect of temperature of EY on the rate of degradation and [B] COD Values
Table 5: Thermodynamic parameters for the degradation of EY
Temperature in
K

∆H#
kJmol-1

∆S#
JK -1mol-1

∆G#
kJmol-1

Ea

293

71.45

-98.85

100.42

298

71.37

-115.10

106.25

73.89 kJmol-1
(17.66 x 103
Calories)

303

71.29

-118.47

108.37

Degradation reaction with Ruthenium graphite Modified Electrode (Ru/GME) as anode
electrode

Electrochemical Degradation of 2-(2, 4, 5, 7-tetrabromo-6-oxido-3-oxo-3H-xanthen-9-yl)..

119

Effect of Eosin yellow on the rate
The reaction has been carried out in the presence of EY (0.0001M), by keeping
constant current 3.5mA. The change in concentration of the eosin yellow was
recorded by change in colour using spectrophotometer. A plot of log%T (percentage
transmittance of light) versus time was linear upto 65% of the reaction indicating
disappearance of EY follows first order kinetics. The rate constant values are given in
table 6.The reaction rate decreased with increase in EY and the values of rate
constants were higher compared to graphite electrode as anode. The pH values of
before degradation slightly increases and after the electrolysis shows slight increase
towards the alkaline pH. The COD for Eosin yellow solution before and after
electrolysis were measured. (Table-6, Fig-6).
Table 6: Effect of [EY] on the rate of degradation and COD values for Ru/GME
[Applied Current = 3.5mA, Temperature = 303K]
[EY] 10-4
M

104 k in
sec-1

Effect of pH

COD Values in mg/L

Before
degradation

After
degradation

Before
degradation

After
degradation

0.5

1.91

7.30

7.99

336

24

1.0

1.88

7.45

8.13

416

16

1.5

1.65

7.58

8.29

528

32

2.0

1.15

7.72

8.38

660

24

Figure 6: [A] Effect of Concentration of EY on rate of degradation and [B] COD
Value
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Effect of current on the rate

At fixed 0.0001M [EY] the rate of reaction increased with increase in applied current.
The rate constant values are given in table 7. The current is varied from 2.5mA5.5mA. The rate of degradation and values of rate constants are higher compared to
graphite electrode as anode. The COD for different current of eosin yellow solution
before and after electrolysis were measured.(Table-7, Fig-7).
Table 7: Effect of Current on the rate of degradation and COD values for Ru/GME
[EY = 1.0X10-4 M, Temperature = 303 K]
Current in mA

104 k
in
sec-1

COD Values in mg/L
Before

After

degradation

degradation

2.5

1.34

416

24

3.5

1.88

416

16

4.5

2.11

416

32

5.5

2.87

416

24

Figure 7: [A] Effect of current of EY on the rate of degradation and [B] COD Values
Effect of Temperature
The experiments were carried out at three different temperatures as the increase of
temperature increases the rate of the reaction. The rate of degradation is not very
significant at low temperature, however the reaction was more significantly
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influenced at higher temperature. The degradation efficiency was high for Ru/GME
compare to graphite electrode. The rate constant values and COD values for before
and after degradation are reported in table 8 and figure 8, since the diffusion rate is
increased with temperature, an increase of temperature could bring about an increase
in the degradation rate. Thermodynamic parameters for t h e degradation of EY by
Ru/GME electrode were measured and reported in table 9.
Table 8: Effect of Temperature on the rate of degradation and COD values for
Ru/GME
[ EY = 1.0X10-4 M, Applied Current = 3.5mA]
Temperature in K

104 k
in

COD Values in mg/L
Before degradation

After degradation

sec-1
293

1.49

416

32

303

1.88

416

16

313

4.87

416

32

Figure 8: [A] Effect of temperature of EY on the rate of degradation and [B] COD
Values

Chaithra K.M et al.

122

Table 9: Thermodynamic parameters for the degradation of EY for Ru/GME
Temperature
in K

∆H#
kJmol-1

293

41.95

-174.84

93.18

298

41.86

-178.25

95.88

303

41.78

∆S#
JK-1

mol-1

-175.26

∆G#

Ea

kJmol-1

99.24

44.38kJ/mol
(10.609 x 103
Calories)

Production of OH radical
The degradation of Eosin yellow solution was carried out by anodic oxidation. Further,
the experiment is carried out in the presence of electrodes with pt as cathode and
graphite or Ru/GME as anode. In the electrochemical technique .OH formed by direct
electrolysis and absorbed as intermediate at the surface of high O2 overvoltage anode
from oxidation of water.
H2O

.

OHads+ H++ e-

[1]

The degradation of EY takes place due to sequential electrochemical reduction and
oxidation [15]. Graphite electrodes have high affinity for EY with implication that it
will adversely affect electrode performance by competitive adsorption and interaction
such as electron shuttling may increase the reactivity. The strong oxidizing agent .OH
Radical, the sequential reduction and oxidation with graphite and pt electrodes which
reacts with EY converting into CO2, H2O and inorganic salts like until their total
mineralization is reached. It has been found that Pt electrode possesses greater O2 over
voltage (+0.77V), thus generating higher amount of oxidant .OH. A clear solution is
obtained after degradation indicates the absence of formation of insoluble metal
oxides. This suggests that oxidizing intermediates which are formed resulting in
destruction of the dye. Considering the graphite electrodes (GE) advantages such as
commercial availability, low costs and easy of modification [16]. The present method
can be used for remediation of waste water.

Scheme 1: Proposed degradation pathway of Eosin yellow
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Effect on COD of duration of treatment
The effect of rate of dye degradation on COD was determined. During the experiment
the initial COD 416 mg/L which gave rise to 40mg/L of COD, a 95% reduction in
COD was achieved. The COD level obtained after degradation was within the
permitted limit of 250mg/L. A graph showing COD reduction versus treatment time is
shown in figure (9).

Figure 9: The rate of decrease of COD at different intervals of time.
The effect of current density, [dye] and COD was measured. In all these cases the
COD level decreased more than 90 %. The instantaneous current efficiency (ICE) for
the anodic oxidation of Eosin yellow dye was calculated from the values of the COD
using the equation,

Here; CODi and CODf are the chemical oxygen demands before and after degradation
respectively, ‘I’ the current, ‘F’ the Faraday constant, ‘V’ the volume of the
electrolyte the treatment time and ‘8’ is the oxygen equivalent mass (geq-1). The ICE
data in tables (9, 10) indicates, the efficiency of the process linearly related to ICE
and indicates higher efficiency of the process for RuGME anode compared to GE
anode.
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Table 10: ICE Values at different experimental conditions for Graphite Electrode

Concentration
of Dye 10-4 M

Current in mA

Temperature in
K

Variables

ICE

0.5

82.70

1.0

76.13

1.5

46.55

2.0

28.45

2.5

120.81

3.5

107.51

4.5

95.29

5.5

83.32

293

95.88

303

107.51

313

123.24

Table 11: ICE Values at different experimental conditions for Ru/GME

Concentration
of Dye 10-4 M

Current in
mA

Temperature
in K

Variables

ICE

0.5

312.42

1.0

206.75

1.5

139.67

2.0

95.97

2.5

266.65

3.5

275.67

4.5

220.53

5.5

273.66

293

195.75

303

275.67

313

523.77
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Kinetics of Degradation
The degradation of dye taken place in the absence of electrolyte HCl or NaOH. The
degradation of dye depends with [dye], current and the concentration of Surface
active sites[S].Since [S] remains constant, the rate of degradation in the present case
is given by

The rate constant for the disappearance of Eosin yellow for the degradation process
was determined by plotting log%T versus time (t). Here ‘T’ is percentage
transmission of the light obtained from spectrophotometer, at λmax510nm and it is
inversely proportional to the concentration of the dye. A straight line was obtained for
65% of the degradation reaction and afterwards deviation in linearity was observed.
Reuse of Ruthenium Graphite Modified Electrode
The possibility of reusing the Ru/graphite modified electrode was tested to see the
cost effectiveness of the method adopted. After the degradation of the dye, the
graphite modified electrode was thoroughly washed with double distilled water and
then reused for the degradation by taking fresh dye solution. From the degradation
study it was observed that the graphite modified electrode can be used to degrade the
dye solution which shows slightly lesser efficiency.
UV-Visible spectra
Figure 11 (A and B) represents UV-Visible spectra during the electrochemical
degradation of eosin yellow dye. Broad visible colour absorption spectra at 510nm
were completely removed at the end of the degradation process.

Figure 10: UV-Visible spectra of MR [A] before degradation [B] After degradation
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Scanning Electron Microscopy (SEM) & Energy Dispersive X-ray spectroscopy
(EDX)
Scanning electron microscopy (SEM) is used to differentiate the ruthenium (Ru)
deposited graphite electrode and bare graphite electrode. Fig.11 (A) &11 (B) shows
the SEM image of graphite flake and its corresponding EDX profile. From the
micrograph, the layered and homogenous nature of graphite was observed in different
diameter. It is clear from the Fig 11(A) before deposition only graphite flakes are
found. The observed size of graphite flake was ranging from 10 to 50 μm. From the
EDX profile, the presence of carbon and oxygen content indicated the graphite
present in the pure form Fig 11(B).

Fig.11 (A): SEM micrographs of graphite Electrode

Fig.11(B): Energy-dispersive X-ray spectroscopy (EDX) for graphite Electrode
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Table 12: Quantitative results for graphite Electrode
Element

Weight %

Line

Atom %

Error

CK

100.00

OK

0.00

Total

Weight %

100.00

± 2.20
---

100.00
0.00
100.00

Fig 12(A) & (B) shows the SEM and EDX profile of ruthenium encapsulated in
graphite rod. The SEM image of ruthenium encapsulated graphite rod can clearly
distinguish from graphite rod. Further, the heterogeneous block dots were observed on
the surface, which indicates the ruthenium doped or encapsulated inside the graphite
rod Fig 12(A). The corresponding EDX plot as shows in Fig1 (B). From the EDX plot,
we clearly noticed the presence of ruthenium peaks in different oxidation states along
with graphite carbon peak.

Fig.12(A): SEM micrographs of Ruthenium graphite modified Electrode

Fig.12(B): Energy-dispersive X-ray spectroscopy (EDS) for Ruthenium graphite
modified Electrode
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Table 13: Quantitative results for Ruthenium graphite modified Electrode
Element

Weight %

Line

Weight %

Atom %

Error

CK

---

---

---

O

10.67

± 0.56

47.00

Ru L

89.33

± 1.44

53.00

Ru M

---

---

---

Total

100.00

100.00

Conclusion
In this paper, electrochemical oxidation in presence of graphite electrode and
Ru/GME was capable of destroying the chromophore groups of dye and organic
moiety found in industrial effluents at short treatment times, low energy consumption
and reuse of graphite electrode. This method can be applied to the remediation of
wastewater containing dyes and organics and the method is cost effective as graphite
electrode was used. The rates of EY elimination and COD removal were higher on the
Ru/GME compare to graphite electrode.
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