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Abstract: An anodic oxidation process with graphite anode coated with Cu was optimized for the degradation of IC dye. The
Cu/GME was prepared by the electrochemical method. The comparison between the kinetics of degradation by graphite and
Cu/GME has been studied systematically. The effect of four independent variables like dye concentration, pH, current density and
different temperature, degradation rate is to be studied. The anodic oxidation by Cu/GME showed the complete degradation of
aqueous solution IC, which is confirmed by UV-vis and COD measurement. The experimental removal efficiencies of IC using
Cu/GME and graphite anodes were 97.8% and 60.3% respectively. The electrochemical removal of IC using both Cu/GME and
graphite anodes well followed the 1% order kinetics. This process is one of the advanced oxidation processes (AOPs).It generates
hydroxyl free radicals ('OH) which attack the dye molecules, resulting in degradation of the dye molecules. The thin film formation
of Cu or encapsulated in graphite rod is observed from SEM/EDAX. The ICE values of different experimental conditions are
calculated. These results indicated that the Cu/GME would be promising anode for electrochemical degradation of indigo carmine.
This dye is converted into CO,, SO,, H,O and simpler inorganic salts. This'method can be applied for the remediation of waste
water containing organics, cost effective and simple. The results of the study prove that the method is a potential technique for the
treatment of azo dye wastewater.

Keywords: Indigo carmine, copper graphite modified electrode (Cu/GME)

Introduction:

Azo dyes are extensively hired in textile manufacture, which is one of the maximum polluting sectors in the unique human
activities. a considerable amount of the dye (among 1-15%) is discharged into wastewaters after the dying technique. Indigo
carmine is an natural salt derived from indigo by using fragrant sulfonation, which renders the compound soluble in water. it is
authorized to be used as a food colorant within the America and E.U. It has the E range E132. Moreover, many dyes are prone of
producing toxicity inside the aquatic organisms in addition to in humans. similarly, the aromatic structures of those chemical
compounds are very refractory and, consequently, proof against be degraded in wastewater treatment plant life because they
continue to be unaffected in the direction of daylight, oxidizing retailers and microorganisms [1-8].pollutants of water resources by
wastewater containing synthetic color compounds, specially inside the fabric industry, is a main environmental concern .nowadays,
more than 100,000 kinds of industrial dyes have an annual production fee of about seven-hundred,000 tons. of these, approximately
15% of the dye compounds used in industry input the effluent at some point of the manufacturing and processing ranges and are
eventually discharged into the surroundings. Maximum of the colorful compounds, as well as the intermediates produced via their
degradation, are considered as a primary fitness risk for the human environment and different organisms. Electrochemical advanced
oxidation procedures (EAOPS) are capable of degrading natural substances to CO, and H,O thru response with hydroxyl radicals
(HO.) The simplicity of gadget and clean operation, low fee of construction, no sludge generation, mineralization of pollutants, and
advancing reaction by means of electron are some of the advantages of EAOP. In EAOP/anodic oxidation (AO), natural pollutants
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are degraded by way of each direct and oblique oxidation. In direct oxidation, electrons are transferred from the natural pollutant to
the anode floor. In indirect oxidation, the electroactive species produced in the solution act as mediators for pollutant degradation.
studies demonstrates that the primary mechanism of oblique oxidation is the mineralization of natural depend with HO radical.
Based totally on the interactions of produced HO radical with the surface of the anode, the anodes are labeled into businesses, i.e.,
the active anode and the non-energetic anode. Lively anodes have low oxygen evolution potential and result in incomplete oxidation
of organic pollution. but, non-energetic anodes have excessive oxygen evolution ability and the natural compound can be
completely mineralized to H,O and CO; [9-12].Nowadays, researchers from around the world strive to enhance the typically used
wastewater treatment methods so as to lessen their overall costs, optimize performance, and to diminish the production of
intermediate pollutants. Some of the most promising effects were received via electrochemical removal of impurities from sewage
[13-.15].A spread of different approaches has been carried out in order to do away with the dyestuffs from wastewater, artificial
dyestuffs are broadly utilized in various sorts of industries, however specifically in fabric enterprise and paper manufacturing.
Dyestuffs can be classified into numerous companies primarily based on their chemical shape. From among all colorants, azo dyes
are the most commonly used, with their manufacture constituting around 70% of general dyestuffs manufacturing. , the dyes used
for fabric dyeing are solid beneath daylight, resistant to finish organic degradation. Textile enterprise is characterized by means of a
high call for water which, in flip, generates the big volumes of wastewater containing the dyestuff residue. The fabric wastewater is
characterized with the aid of robust color, due to the fact even 15% of used dyestuffs become in it. Such wastewater incorporates
high concentrations of natural compounds which frequently translate into very excessive chemical oxygen demand for (COD) [16-
20].Powerful and monetary remedy of azo dye effluents have emerge as a serious concern during the last few many years. No
unmarried traditional treatment system is adequate for degrading the dye structure. Currently, tons research has targeted on
chemically and physically degrading azo dyes in wastewater. These techniques are occasionally coupled with UV light/sound wave
exposure to boom the colour removal. Other techniques involve adsorption, reverse osmosis, coagulation/flocculation or excessive
energy irradiation. a lot of these technologies are nonetheless questionable with regard to their economic viability in massive waste
streams.Azo dyes frequently skip via activated sludge facilities with very little reduction in color. Although a few researchers have
found mild color discounts, their findings are in large part outweighed by means of those who've not. Discounts within the carbon
content material and oxygen call for of azo dye wastewater following cardio treatment are well cited. even though anaerobic
treatment of azo dyes shows coloration discount by forming intermediates , this technique is not often preferred because of the fact
that a higher percentage of these intermediates were identified as cancer causing agents [21-25].

Il. EXPERIMENTAL

A solution of IC (LOBACHEMIE) was prepared [0.0001M].The 8.9cm length and 0.55cm diameter graphite electrode (ALFA
AESAR) was using. 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 electrodeposition.The experimental setup is shown in the figure (1). Copper
was deposited on graphite electrode from CuCl, (Arora matthey) solution. All chemicals used were of accepted grades of purity. A
stabilized DC power supply was used as the source of electric current for the experiments. The current and voltage were adjustable
between 3.6mA -6.6mA and 0-60V with digital displays. The experiments were conducted by a batch process. An undivided cell of
50 mL capacity (glass beaker) was used throughout the study. The anode and cathode were positioned vertically and parallel to each
other with an inter electrode gap of 1 cm. These electrodes were dipped in the methylene blue dye solution. The electrode system
consists of a graphite modified electrode as anode and a Pt electrode as cathode in case of degradation of dye by anodic oxidation
with graphite electrode figure (2). The kinetic runs were carried out with graphite electrode alone as anode. In another case, Cu (1)
thin film deposited on a conductive graphite electrode has taken as anode and Pt electrode as cathode. The experiment was run from
10 to 380 minutes with continuous stirring. The kinetic runs were carried out for different concentration of indigo carmine 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 was applied by using battery eliminator
(NEULITE INDIA) and current output of 3.6mA-6.6mA using rheostat (INSIFINDIA).The decolourization and disappearance of
indigocarmine was followed by using spectrophotometer (ELICO SL171).
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Figure 1: Synthesis of Cu/GME by electrochemical method
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Figure: 2 Experimental set up for electrochemical degradation of indigo carmine Dye

I11. RESULTS & DISCUSSION

3.1 Reaction with graphite as anode electrode

3.1.1 Effect of Indigo carmine on the rate

The kinetic degradation was performed in the presence of indigocarmine dye (0.0001M), using constant current (4.6mA). The
change in concentration of indigocarmine 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 indigocarmine follows 1% order
kinetics. The rate constant values are given in table 1.The rate of the reaction decreased with increase in indigocarmine. The rate of
the reaction is decrease at higher concentration 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 acidic pH after degradation. The COD for indigocarmine solution before and after
electrolysis were measured. (Table-1, Fig-3).

Table 1: Effect of indigocarmine on the rate of degradation and COD values

Conc of 10* k Effect of pH COD Values in mg/L
indigocarmine in Before After Before After
in 10* M sec! degradation degradation degradation degradation
0.5 0.103 6.59 6.65 512 16
1.0 0.997 6.93 6.98 624 16
15 0.882 7.12 7.17 816 32
2.0 0.729 7.26 7.31 992 48
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Figure 3: Effect of Concentration of indigocarmine on rate of degradation [A] and COD Value [B]

3.1.2 Effect of current on the rate

To investigate the effect of applied current the experiment is carried out four different current varied from 3.6mA-6.6 mA and
keeping indigocarmine dye concentration as constant .when we increased the current the rate of the reaction is increased. The
increase of current increases the concentration of oxidizing intermediates and OH radicals, which increases the rate of degradation.
The rate constant values are given in table 2. The COD for different current of indigocarmine dye solution before and after

electrolysis were measured. (Tabl

e-2, Fig-4).

Table 2: Effect of Current on the rate of degradation and COD values

log % T

0 10
I'ime in min

Current in 10%k COD Values in mg/L

mA in Before After
sec degradation degradation
3.6 0.422 624 16
4.6 0.997 624 16
5.6 1.151 624 48
6.6 1.343 624 32
204 [A] ey W Before degradation ™ After degradation

w - [B]

600

500

300

200
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0
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Current in mA

COD in mg/L.
=

Figure 4: Effect of current of indigocarmine on the rate of degradation [A] and COD Values [B]
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3.1.3 Effect of Temperature
To explore the effect of temperature the experiments is carried out at three different temperatures, when temperature increases the

rate of the reaction is increased. 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 values for before and after
degradation of dye is reported in table 3 and figure 5. Thermodynamic parameters are calculated and are reported in table 4.

Table 3: Effect of Temperature on the rate of degradation and COD values

Temperature 10* k COD Values in mg/L
in K in Before After
sec?t degradation degradation
298 0.729 624 32
303 0.997 624 16
313 1.189 624 16

B Before degradation W After degradation
20 =] [A]
e 300K 0 - [B]
19{ =X . 60
= 18 a
£ = 400
=0 L - 30
- -
1.6 4 o
~ 1
I-f' T T T T - ['
0 50 100 150 200 198 303 33
lime in min Temperature in K

Figure 5: Effect of temperature of indigocarmine on the rate of degradation [A] and COD Values [B]

Table 4: Thermodynamic parameters for the degradation of indigocarmine

AH* AS* AG# Ea
kJ/mol J/K/mol kJ/mol
111.38kJ/mol
86.04 -300.23 100.08 (26.62x 10°
cal/mol)

3.2 Reaction with copper graphite Modified (Cu/GME) as anode electrode

3.2.1 Effect of Indigo carmine on the rate

The degradation kinetics has been carried out in the presence of indigo carmine (0.0001M), by keeping constant current 4.6mA. The
change in concentration of the indigo carmine 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 indigo carmine
follows first order Kinetics. The rate constant values are given in table 5.The reaction rate decreased with increase the concentration
of indigo carmine and rate constant values were higher compared to graphite electrode as anode. The pH value of before
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degradation slightly increases and after the electrolysis shows slight increase towards the alkaline pH. The COD for indigo carmine
solution before and after electrolysis were measured. (Table-5, Fig-6)

Table 5: Effect of indigo carmine on the rate of degradation and COD values for Cu/GME

[1C] 10k Effect of pH COD Values in mg/L
104 M in Before After Before After
sect degradation degradation degradation degradation
0.5 3.454 6.59 6.65 512 16
1.0 3.723 6.93 6.98 624 16
1.5 2.149 7.12 7.17 816 32
2.0 1.804 7.26 7.31 992 48
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Figure 6: Effect of Concentration of indigocarmine on rate of degradation [A]land COD Value [B]

3.2.2 Effect of current on the rate
At fixed [IC] the rate of reaction increased with increase in applied current. The current is varied from 3.6mA-6.6mA.The increase

of current increases the concentration of oxidizing intermediates and OH radicals, which:increases the rate of degradation. The rate
of degradation was higher compared to graphite electrode because of the catalytic activity of Cu. The rate constant values are
reported in table 6 and figure 7 (A).The COD values for before and after degradation were measured and reported in table 6 and

figure 7(B).

Table 6: Effect of Current on the rate of degradation and COD values for Cu/GME

Current in 10*kin COD Values in mg/L
mA sect Before After
degradation degradation
3.6 2.072 624 16
4.6 3.723 624 16
5.6 4.414 624 16
6.6 5.757 624 32
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Figure 7: Effect of current of indigocarmine on the rate of degradation [A] and COD Value [B]
Effect of Temperature

To investigate the effect of temperature, the experiments were carried out at three different temperatures. It is clear that, when
temperature increases the rate of the reaction is increased, the rate of removal of degradation is not very significant at low
temperature. However the reaction was more significantly influenced at higher temperature. The degradation efficiency was high for
Cu/GME compare to graphite electrode. The rate constant values and COD values for before and after degradation are reported in
table 7 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 the degradation of indigo carmine by Cu/GME electrode were measured
and reported in table 8.

Table 7: Effect of Temperature on the rate of degradation and COD values for Cu/GME

Temperature 10*k in COD Values in mg/L
inK sec™ Before After
degradation degradation
298 1.727 624 32
303 3.723 624 16
313 4.183 624 16
H‘l B Before degradation W After degradation
4"
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= 400
o 300
-
~ 200
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2 a 2 & = T 30 313
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Figure 8: Effect of temperature of indigocarmine on the rate of degradation [A] and COD Values [B]
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Table 8: Thermodynamic parameters for the degradation of indigo carmine for Cu/GME

AH? AS? AG* Ea
kJ/mol J/K/mol kJ/mol

40.43kJ/mol
36.24 -193.47 95.21 (9.665x10°

cal/mol)

Production of OH radical

The electrochemical degradation of indigocarmine dye solution was bringing out by anodic oxidation. Further, the experiment is
carried out in the presence of electrodes with pt as cathode and graphite as anode. In the electrochemical technique .OH formed by
direct electrolysis and absorbed as intermediate at the surface of high O, overvoltage anode from oxidation of water.

Hi0—— OHaat HH &

[1]

The degradation of indigocarmine takes place due to sequential electrochemical reduction and oxidation [26].Graphite electrodes
have high affinity for indigocarmine 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/oxidation with graphite and pt electrodes which reacts with indigocarmine converting into CO», H,O and inorganic salts
like bromides. Until their total mineralization is reached [27]. It has been found that Pt electrode possesses greater O, 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 [28]. The
present method can be used for remediation of waste water.

0;+H0 ——» HO,+0H
HO; + H0) ———— OH +H0;
H:0,—» 20H

OH + IC ~——— Intermediate Products
~——————» Degradation Products
0, +1IC ~———— Intermediate Products
ey CO2 + H20

Scheme 1: Proposed degradation pathway of indigocarmine

Effect on COD of duration of treatment

The effect of rate of dye degradation on COD was determined. During the experiment the initial COD 392 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).
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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 indigocarmine dye was calculated from the values of the COD

using the equation,

(CODi —CODA)

ICE(%) =

8Lt

*=FV

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 Cu/GME

anode compared to GE anode.

Table 9: ICE Values at different experimental conditions for Graphite Electrode

Variables ICE

0.5 433.55
Concentration of 1.0 177.14
Dye 10*M 1.5 186.89
2.0 206.28
3.6 169.76
4.6 177.14
Current in mA 5.6 155.08
6.6 154.56
298 141.12
Temperature in K 303 177.14
313 227.76
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Table 10: ICE Values at different experimental conditions for Cu/GME

Variables ICE
0.5 1300.65
Concentration of 1.0 637.73
Dye 10*M 1.5 466.18
2.0 412.57
3.6 452.71
4.6 637.73
Current in mA 5.6 654.82
6.6 721.31
298 310.47
Temperature in 303 637.73
K 313 797.17

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

de _ k[I]

Cdt  [dye]

The rate constant for the disappearance of methylene blue 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 Amax 610nm and it is inversely
proportional to the concentration of the dye. A straight line was obtained for 60% of the degradation reaction and afterwards
deviation in linearity was observed.

Reuse of Copper Graphite Modified Electrode

The possibility of reusing the Cu/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 reuse of the graphite modified
electrode to degrade the dye solution showed lesser efficiency.

UV-Visible spectra

Figure 11 (A and B) represents UV-Visible spectra during the electrochemical degradation of indigocarmine dye. Broad visible
colour absorption spectra at 610 nm were completely removed at the end of the degradation process.
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Figure 10(A): UV-Visible spectra of indigocarmine before degradation
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Figure 10(B): UV-Visible spectra of indigocarmine after degradation
Scanning Electron Microscopy (SEM) & Energy Dispersive X-ray spectroscopy (EDS)

Scanning electron microscopy (SEM) is used to differentiate the Copper (Cu) deposited graphite electrode and bare graphite
electrode. Fig.11 (A) &11 (B) shows the SEM image of graphite flake and its corresponding EDAX 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 50um. From the EDAX profile, the
presence of carbon and oxygen content indicated the graphite present in the pure form Fig 11(B)
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Fig. 11(A): SEM micrographs of graphite Electrode
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Fig. 11(B): EDAX spectra of graphite Electrode
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Fig. 12(A): SEM micrographs of stannous graphite modified electrode

IJCRT2207398 | International Journal of Creative Research Thoughts (JCRT) www.ijcrt.org | d54


http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882

New Project | EDX | Area 9 | Full Area 1
2.00K;

Cu
1.80K

1.60K
140K
1.20K
1.00K
0.80K
0.60K

0.40K

020K ¢

. &

0.00K = s - -
0.00 100 200 300 400 500 600 700 800 900

kV:15  Mag:3000 Takeoff: 3262 LiveTime:30 Amp Time(ps): 3.84  Resolution:(eV): 129.2
Fig. 12(B): EDAX spectra of Cu/GME

Fig 12(A) & (B) shows the SEM and EDAX profile of copper encapsulated in graphite rod. The SEM image of copper encapsulated
graphite rod can clearly distinguish from graphite rod. Further, the heterogeneous block dots were observed on the surface, which
indicates the copper doped or encapsulated inside the graphite rod Fig 12(A). The corresponding EDAX plot as shows in Figl2 (B).
From the EDAX plot, we clearly noticed the presence of copper peaks in different oxidation states along with graphite carbon peak.

Conclusion

In this paper, electrochemical oxidation in presence of graphite electrode and Cu/GME was capable of destroying the chromophore
groups of dye 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 indigocarmine elimination and COD removal were higher on the Cu/GME compare to graphite
electrode.
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