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AbstractAbstractAn experimental design was proposed for the optimization of electro-oxidationAn experimental design was proposed for the optimization of electro-oxidationprocess to augment the degradation of C.I Reactive Blue 198 in wastewater. Theprocess to augment the degradation of C.I Reactive Blue 198 in wastewater. Thedesign was employed to derive a statistical model for the effect of variables ondesign was employed to derive a statistical model for the effect of variables oncolor and COD removal using graphite electrodes in presence of Nacl ascolor and COD removal using graphite electrodes in presence of Nacl aselectrolyte. The experiments were mathematically designed as the function ofelectrolyte. The experiments were mathematically designed as the function ofvariables such as pH (Xvariables such as pH (X ), NaCl concentration (M) (X), NaCl concentration (M) (X ) and electrolysis time (min)) and electrolysis time (min)(X(X ). The experimental results are statistically analyzed and mathematically). The experimental results are statistically analyzed and mathematicallymodeled through response surface methodology (RSM). The mathematical modelmodeled through response surface methodology (RSM). The mathematical modeladequacies are checked using analysis of variance (ANOVA). Contour plots andadequacies are checked using analysis of variance (ANOVA). Contour plots andresponse plots predicted the maximum color removal 98.9% and 65.5% of CODresponse plots predicted the maximum color removal 98.9% and 65.5% of CODremoval at pH 7, Nacl concentration 0.13M and electrolysis time 10.5 min, withremoval at pH 7, Nacl concentration 0.13M and electrolysis time 10.5 min, withthe constant applied current at 2.5A (current density 34.96 mAcmthe constant applied current at 2.5A (current density 34.96 mAcm ). UV- visible,). UV- visible,FTIR spectrum and GCMS shows the complete decolorization and degradationFTIR spectrum and GCMS shows the complete decolorization and degradationmechanisms.mechanisms.
Keywords:	Keywords:	Electro-oxidation; Reactive Blue 198; Optimization; Response surfaceElectro-oxidation; Reactive Blue 198; Optimization; Response surfacemethodology; COD; Colour removal; FTIR; GCMS.methodology; COD; Colour removal; FTIR; GCMS.
IntroductionIntroductionColor is one of the most obvious indicators of water pollution and the discharge ofColor is one of the most obvious indicators of water pollution and the discharge ofhighly colored ef�luents containing dyes can be damaging to the receiving bodieshighly colored ef�luents containing dyes can be damaging to the receiving bodies[[11]. Reactive dyes represent an important fraction of the commercialized synthetic]. Reactive dyes represent an important fraction of the commercialized syntheticdyes used (approximately 12% of the worldwide production) [dyes used (approximately 12% of the worldwide production) [22]. The main]. The mainenvironmental problem associated with the reactive dyes is their low exhaustion.environmental problem associated with the reactive dyes is their low exhaustion.Frequently, the �ixation ef�iciency of these dyes range between 60% and 90% [Frequently, the �ixation ef�iciency of these dyes range between 60% and 90% [33].].Textile wastewater typically contains 0.01-7 gLTextile wastewater typically contains 0.01-7 gL  dye, depending on the dyes and dye, depending on the dyes andprocesses used [processes used [44]. The degree of dye �ixation to fabrics depends on the �iber,]. The degree of dye �ixation to fabrics depends on the �iber,depth of shade and mode of application and depending on the dye, 2-50% ofdepth of shade and mode of application and depending on the dye, 2-50% ofun�ixed dye can enter the waste stream [un�ixed dye can enter the waste stream [55]. The dyeing of one kilogram of cotton]. The dyeing of one kilogram of cottonwith reactive dyes demands from 70 to 150 L [with reactive dyes demands from 70 to 150 L [66] water, 0.6 to 0.8 kg Nacl and] water, 0.6 to 0.8 kg Nacl andanywhere from 30 to 60 g dyestuff. More than 80,000 tones of reactive dyes areanywhere from 30 to 60 g dyestuff. More than 80,000 tones of reactive dyes areproduced and consumed each year, making it possible to estimate the totalproduced and consumed each year, making it possible to estimate the totalpollution caused by their use. After the dyeing is completed, the various treatmentpollution caused by their use. After the dyeing is completed, the various treatmentbaths are drained out, including the �irst dye bath, which has a very high saltbaths are drained out, including the �irst dye bath, which has a very high saltconcentration, is heavily colored and contains a substantial load of organicconcentration, is heavily colored and contains a substantial load of organicsubstances [substances [77].].A large fraction of reactive dyes that remains unutilized after the dyeing processA large fraction of reactive dyes that remains unutilized after the dyeing processgets discharged into water stream and causes environmental pollution. Some ofgets discharged into water stream and causes environmental pollution. Some ofthese dyes can cause serious health risks [these dyes can cause serious health risks [88]. Due to the deep impact on the]. Due to the deep impact on theenvironment, the treatment of wastewaters from textile industries constitutes anenvironment, the treatment of wastewaters from textile industries constitutes anissue of major economical and environmental concern [issue of major economical and environmental concern [99]. Different treatments]. Different treatmentsare still known ranging from adsorption, coagulation and �locculation to chemicalare still known ranging from adsorption, coagulation and �locculation to chemicalor biological oxidation [or biological oxidation [1010]. For many years, the introduction of more stringent]. For many years, the introduction of more stringentpollution regulations, coupled with �inancial and social pressures for sustainablepollution regulations, coupled with �inancial and social pressures for sustainabledevelopment, has pressed toward "zero-ef�luent" processes, as well as todevelopment, has pressed toward "zero-ef�luent" processes, as well as toresearching and developing new or more ef�icient wastewater treatmentresearching and developing new or more ef�icient wastewater treatmenttechnologies. A basic principle in environmental culture is to reduce waste andtechnologies. A basic principle in environmental culture is to reduce waste andpollution to "As Low as Reasonably Achievable" (ALARA) levels. To ensurepollution to "As Low as Reasonably Achievable" (ALARA) levels. To ensureacceptable levels of environmental impact, however, wastewater systems alsoacceptable levels of environmental impact, however, wastewater systems alsohave to be engineered in accordance with the principle of "Best Availablehave to be engineered in accordance with the principle of "Best AvailableTechniques Not Entailing Excessive Cost" (BATNEEC) [Techniques Not Entailing Excessive Cost" (BATNEEC) [1111].].In recent years, electrochemical techniques viz. electro coagulation, electroIn recent years, electrochemical techniques viz. electro coagulation, electro�lotation and electro oxidation have drawn the attention of many researchers�lotation and electro oxidation have drawn the attention of many researcherssince the main reagent is the electron which is a "clean reagent" [since the main reagent is the electron which is a "clean reagent" [1212,,1313].].In electrochemical process, the pollutants are destroyed by either a direct or anIn electrochemical process, the pollutants are destroyed by either a direct or anindirect oxidation process. In direct anodic oxidation process, the pollutants areindirect oxidation process. In direct anodic oxidation process, the pollutants are�irst adsorbed on the anode surface and then destroyed by the anodic electron-�irst adsorbed on the anode surface and then destroyed by the anodic electron-transfer reaction. In indirect oxidation process, strong oxidants such astransfer reaction. In indirect oxidation process, strong oxidants such ashypochlorite/chlorine, ozone, and hydrogen peroxide are electrochemicallyhypochlorite/chlorine, ozone, and hydrogen peroxide are electrochemicallygenerated. The pollutants are then destroyed in the bulk solution by an oxidationgenerated. The pollutants are then destroyed in the bulk solution by an oxidationreaction of the generated oxidants. All the oxidants are generated reaction of the generated oxidants. All the oxidants are generated in	situin	situ and are and areutilized immediately [utilized immediately [1414]. Hydroxyl radical that are generated on the electrode]. Hydroxyl radical that are generated on the electrodesurface may directly oxidize the organic compounds to carbon dioxide and watersurface may directly oxidize the organic compounds to carbon dioxide and water[[1515]. In these cases, the oxidation ef�iciency are strongly depends on the]. In these cases, the oxidation ef�iciency are strongly depends on theinteraction of the hydroxyl radicals with the material surface. As a general rule,interaction of the hydroxyl radicals with the material surface. As a general rule,the weaker the interaction between hydroxyl radicals and electrode surface, thethe weaker the interaction between hydroxyl radicals and electrode surface, thehigher the material reactivity towards oxidation of organic compounds [higher the material reactivity towards oxidation of organic compounds [1616]. Most]. Mostof the research papers have investigated the electrochemical oxidation for variousof the research papers have investigated the electrochemical oxidation for variousef�luent generated from tannery [ef�luent generated from tannery [1212], land�ill leachate [], land�ill leachate [1717], p-chlorophenol and p-], p-chlorophenol and p-nitrophenol [nitrophenol [1818], pesticides [], pesticides [1919], olive oil mill [], olive oil mill [2020], textile [], textile [1313,,2121], paint [], paint [2222],],paper mill [paper mill [2323] and sugar factory [] and sugar factory [2424].].
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The optimization of an electro oxidation process can be done by using theThe optimization of an electro oxidation process can be done by using theconventional "one-variable-at-a-time" technique in which the effect of oneconventional "one-variable-at-a-time" technique in which the effect of oneindependent variable is seen on the response, while other factors are keptindependent variable is seen on the response, while other factors are keptconstant. This method assumes that the various treatment parameters do notconstant. This method assumes that the various treatment parameters do notinteract and that the response variable is only a function of the single variedinteract and that the response variable is only a function of the single variedparameter. However, the response obtained from a waste treatment method, forparameter. However, the response obtained from a waste treatment method, forexample, results from the interactive in�luences of the different variables. Thus,example, results from the interactive in�luences of the different variables. Thus,the conventional technique does not depict the complete effects of the parameterthe conventional technique does not depict the complete effects of the parameteron the response [on the response [2525]. Another disadvantage of the one-factor optimization is the]. Another disadvantage of the one-factor optimization is theincrease in the number of experiments necessary to conduct the research, whichincrease in the number of experiments necessary to conduct the research, whichleads to an increase of time and expense as well as an increase in the consumptionleads to an increase of time and expense as well as an increase in the consumptionof reagents and materials [of reagents and materials [2626]. These limitations of the traditional method can be]. These limitations of the traditional method can beeliminated by optimizing all parameters which affect the process collectively usingeliminated by optimizing all parameters which affect the process collectively usinga multivariate statistic technique, which has many advantages such as a reductiona multivariate statistic technique, which has many advantages such as a reductionin the number of experiments that need to be executed resulting in lower reagentin the number of experiments that need to be executed resulting in lower reagentconsumption and considerably less laboratory work [consumption and considerably less laboratory work [2727]. Moreover, this method]. Moreover, this methodallows the development of mathematical models that permit the assessment of theallows the development of mathematical models that permit the assessment of therelevance as well as statistical signi�icance of the factor effects being studied andrelevance as well as statistical signi�icance of the factor effects being studied andevaluation of the interaction effects between the factors. Among the availableevaluation of the interaction effects between the factors. Among the availablemultivariate techniques, the most relevant is the response surface methodologymultivariate techniques, the most relevant is the response surface methodology(RSM).(RSM).The application of RSM to the electro oxidation process involves a factorial searchThe application of RSM to the electro oxidation process involves a factorial searchby examining simultaneous, systematic, and ef�icient variation of importantby examining simultaneous, systematic, and ef�icient variation of importantcomponents. It helps to predict a model for the process, identify possiblecomponents. It helps to predict a model for the process, identify possibleinteractions or higher-order effects, and determine the optimum operationalinteractions or higher-order effects, and determine the optimum operationalconditions for the maximum removal of the pollutant species from water orconditions for the maximum removal of the pollutant species from water orwastewater [wastewater [2626]. RSM is useful in process design and optimization as well as for]. RSM is useful in process design and optimization as well as forthe improvement of existing design and optimization technique has beenthe improvement of existing design and optimization technique has beensuccessfully applied to electrochemical oxidation [successfully applied to electrochemical oxidation [2121,,2828,,2929]. The aim of this study]. The aim of this studyis to investigate the degradation of C.I. Reactive Blue 198 (RB198) in aqueousis to investigate the degradation of C.I. Reactive Blue 198 (RB198) in aqueoussolutions using electro-oxidation process with the help of full factorial design.solutions using electro-oxidation process with the help of full factorial design.
Materials	and	methodsMaterials	and	methods

MaterialsMaterials	(Materials)	(Materials)The C.I. Reactive Blue 198 (CAS number 124448-55-1, Molecular formulaThe C.I. Reactive Blue 198 (CAS number 124448-55-1, Molecular formulaCC HH ClCl NN OO SS NaNa , Molecular weight 1289.93 and A max at 625 nm) was, Molecular weight 1289.93 and A max at 625 nm) wasprocured from M/S Jansons International Ltd., Mumbai, India. The structure of theprocured from M/S Jansons International Ltd., Mumbai, India. The structure of thedye is shown in (dye is shown in (Figure 1Figure 1 (images/IJESNR.MS.ID.555570.G001.png) (images/IJESNR.MS.ID.555570.G001.png)). All). Allchemicals used for the analysis were obtained by Loba chemie, Mumbai, India.chemicals used for the analysis were obtained by Loba chemie, Mumbai, India.Double distilled water was used for the preparation of simulated industrial textileDouble distilled water was used for the preparation of simulated industrial textilewastewater. The graphite materials used in this study was procured from M/Swastewater. The graphite materials used in this study was procured from M/SCarbone Lorraine, Chennai, India. The electrical resistivity of graphite electrodeCarbone Lorraine, Chennai, India. The electrical resistivity of graphite electrodewas 0.001 Ωcm.was 0.001 Ωcm.

(images/IJESNR.MS.ID.555570.G001.png)(images/IJESNR.MS.ID.555570.G001.png)

Central	composite	design	(CCD)Central	composite	design	(CCD)	(Central	composite	design	(Central	composite	design
(CCD))(CCD))To �ind the optimum conditions for degradation of the reactive dye in anTo �ind the optimum conditions for degradation of the reactive dye in anelectrochemical oxidation, the experimental conditions were designed as aelectrochemical oxidation, the experimental conditions were designed as afunction of the selected main variables such as pH, electrolyte concentration andfunction of the selected main variables such as pH, electrolyte concentration andelectrolysis time. CCDs are optimized designs for �itting quadratic models. Itelectrolysis time. CCDs are optimized designs for �itting quadratic models. Itincludes equal predictability in all directions from the center. The number ofincludes equal predictability in all directions from the center. The number ofexperimental points in the CCD is suf�icient to test the statistical validity of theexperimental points in the CCD is suf�icient to test the statistical validity of the�itted model and lack-of-�it of the model [�itted model and lack-of-�it of the model [3030]. In full factorial CCD all variables are]. In full factorial CCD all variables arestudied at �ive levels (-α, -1, 0, +1,+α ). The rotatable experimental plan wasstudied at �ive levels (-α, -1, 0, +1,+α ). The rotatable experimental plan wascarried out as a central composite design with three variables and at �ive levelscarried out as a central composite design with three variables and at �ive levelsconsisting of 20 experiments as shown in (consisting of 20 experiments as shown in (Table 1Table 1(images/IJESNR.MS.ID.555570.T001.png)(images/IJESNR.MS.ID.555570.T001.png)).).

(images/IJESNR.MS.ID.555570.T001.png)(images/IJESNR.MS.ID.555570.T001.png)The factors (independent variables) selected for this experiment were pH (XJ: 3-The factors (independent variables) selected for this experiment were pH (XJ: 3-11, electrolyte concentration (Nacl) (X11, electrolyte concentration (Nacl) (X ): 0.05-0.2 M and electrolysis time (X): 0.05-0.2 M and electrolysis time (X ): 1-): 1-20 min.A three-level factorial design was established with the help of the Design20 min.A three-level factorial design was established with the help of the DesignExpert 8.0.2 Trial software (USA). The three signi�icant independent variables XExpert 8.0.2 Trial software (USA). The three signi�icant independent variables X ,,XX , and X, and X  and the mathematical relationship of the response Y on these variables and the mathematical relationship of the response Y on these variablescan be approximated by quadratic/(second-degree) polynomial equation (1):can be approximated by quadratic/(second-degree) polynomial equation (1):
Where Y is the predicted response, b0 the constant, bWhere Y is the predicted response, b0 the constant, b , b, b , and b, and b  the linear the linearcoef�icients, bcoef�icients, b , b, b , and b, and b  the cross-product coef�icients, and b the cross-product coef�icients, and b , b, b , and b, and bare the quadratic coef�icients.are the quadratic coef�icients.
Experimental	set-upExperimental	set-up	(Experimental	set-up)	(Experimental	set-up)
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(images/IJESNR.MS.ID.555570.T002.png)(images/IJESNR.MS.ID.555570.T002.png)The electrochemical batch reactor having the capacity of 250 mL was used for theThe electrochemical batch reactor having the capacity of 250 mL was used for theexperiment. The schematic diagram of the reactor and electrode assembly isexperiment. The schematic diagram of the reactor and electrode assembly isshown in (shown in (Figure 2Figure 2 (images/IJESNR.MS.ID.555570.G002.png) (images/IJESNR.MS.ID.555570.G002.png)). Electrical current). Electrical currentwas applied at a constant current density of 34.96 mAcm' was applied at a constant current density of 34.96 mAcm'  controlled by DC controlled by DCpower supply (Sri Sai Scienti�ic, Coimbatore, India). The electrode assembly waspower supply (Sri Sai Scienti�ic, Coimbatore, India). The electrode assembly wasplaced in the cell and the electrodes were connected to the respective anode andplaced in the cell and the electrodes were connected to the respective anode andcathode leads of the DC recti�ier and energized for a required duration at a �ixedcathode leads of the DC recti�ier and energized for a required duration at a �ixedcurrent. The reactor was placed on a magnetic stirrer block (Super�it, Coimbatore,current. The reactor was placed on a magnetic stirrer block (Super�it, Coimbatore,India) in order to keep its contents well mixed during the experiment. GraphiteIndia) in order to keep its contents well mixed during the experiment. Graphitecarbon electrodes each having 6.5 cm x 5.5 cm with contact surface area of 71.5carbon electrodes each having 6.5 cm x 5.5 cm with contact surface area of 71.5cm2 has been used for both anode and cathode. The distance between anode andcm2 has been used for both anode and cathode. The distance between anode andcathode was maintained at 8mm to reduce the ohmic losses. C.I. RB 198 wascathode was maintained at 8mm to reduce the ohmic losses. C.I. RB 198 wasdissolved in double distilled water at a concentration of 650 µM for experimentaldissolved in double distilled water at a concentration of 650 µM for experimentalsolution. Each experimental run was carried out as per the conditions speci�ied insolution. Each experimental run was carried out as per the conditions speci�ied inthe design matrix (the design matrix (Table 2Table 2 (images/IJESNR.MS.ID.555570.T002.png) (images/IJESNR.MS.ID.555570.T002.png)).).
Analytical	techniquesAnalytical	techniques	(Analytical	techniques)	(Analytical	techniques)Samples withdrawn from the reactor at certain time intervals were analyzedSamples withdrawn from the reactor at certain time intervals were analyzedimmediately to avoid further reactions. 50 ml of raw and treated samples wereimmediately to avoid further reactions. 50 ml of raw and treated samples weretaken from the reactor after completion of reaction time and centrifuged at 5000taken from the reactor after completion of reaction time and centrifuged at 5000rpm for 10 min (Remi, Chennai, India) prior to analysis. The pH of the sample wasrpm for 10 min (Remi, Chennai, India) prior to analysis. The pH of the sample wasanalyzed before and after treatment using the pH meter (Susima AP-1 Plus,analyzed before and after treatment using the pH meter (Susima AP-1 Plus,Chennai, India) and adjusted as per the design by adding 0.1 N HCl and 0.1 NChennai, India) and adjusted as per the design by adding 0.1 N HCl and 0.1 NNaOH. The rate of decoloration was determined through absorbance at maximumNaOH. The rate of decoloration was determined through absorbance at maximumwavelength (A max 625 nm) using UV-visible spectrophotometer (UV- Shimadzuwavelength (A max 625 nm) using UV-visible spectrophotometer (UV- Shimadzu3600, Japan). Chemical oxygen demand (COD) was analyzed by open re�lux3600, Japan). Chemical oxygen demand (COD) was analyzed by open re�luxmethod [method [3131]. The initial COD of the experimental sample was found to be 448 mg]. The initial COD of the experimental sample was found to be 448 mgLL . The residue generated after treatment was analyzed using FT-IR spectrometer. The residue generated after treatment was analyzed using FT-IR spectrometer(Nicolet 10, USA). A 10-15 mg of residue was dispersed in 200mg of spectroscopic(Nicolet 10, USA). A 10-15 mg of residue was dispersed in 200mg of spectroscopicgrade KBr to record the spectra.grade KBr to record the spectra.The GC system (HP model 5890 Series II, USA) was coupled with MS system (HPThe GC system (HP model 5890 Series II, USA) was coupled with MS system (HPmodel 5972N, USA). The injection of the extracted samples into GC/MS systemmodel 5972N, USA). The injection of the extracted samples into GC/MS systemwas conducted on a split less mode, and injector temperature was 250°C withwas conducted on a split less mode, and injector temperature was 250°C withhelium served as the carrier gas at the �low rate of 0.8 mL minhelium served as the carrier gas at the �low rate of 0.8 mL min . The extracted. The extractedsamples were chromatographed using a chromatographic column (RTX-502.2 (L-samples were chromatographed using a chromatographic column (RTX-502.2 (L-60m, ID-0.25 µm) under the following temperature gradient the initial column60m, ID-0.25 µm) under the following temperature gradient the initial columntemperature was held constant at 40°C for 10 min, increased at 12°C mintemperature was held constant at 40°C for 10 min, increased at 12°C min  to to100°C, then ramped at 5°C min100°C, then ramped at 5°C min  to 200°C, further ramped at 20°C min to 200°C, further ramped at 20°C min  to 270°C to 270°Cand kept constant for 5 min, and then raised at 10°C min-1 to 300°C. Theand kept constant for 5 min, and then raised at 10°C min-1 to 300°C. Theidenti�ication of electro oxidation products was done by comparing the GC-MSidenti�ication of electro oxidation products was done by comparing the GC-MSspectra patterns with those of standard mass spectra in the National Institute ofspectra patterns with those of standard mass spectra in the National Institute ofStandards and Technology (NIST) library.Standards and Technology (NIST) library.
Statistical	analysisStatistical	analysis	(Statistical	analysis)	(Statistical	analysis)Determining the adequacy and signi�icance of the quadratic model ANOVA wasDetermining the adequacy and signi�icance of the quadratic model ANOVA wasperformed. For the interpretation of the data regression analysis, graphicalperformed. For the interpretation of the data regression analysis, graphicalanalysis and analysis of variance (ANOVA) were performed with the help of aanalysis and analysis of variance (ANOVA) were performed with the help of astatistical software package Design Expert 8.0.2 Trial software (USA).statistical software package Design Expert 8.0.2 Trial software (USA).
Results	and	DiscussionResults	and	Discussion

Central	composite	design	analysisCentral	composite	design	analysis	(Central	composite	(Central	composite
design	analysis)design	analysis)The most important variables that affect color and COD removal during electroThe most important variables that affect color and COD removal during electrooxidation process are pH (Xoxidation process are pH (X ), salt concentration (X), salt concentration (X ) and electrolysis time (X) and electrolysis time (X ). In). Inorder to study the combined effect of these variables, experiments wereorder to study the combined effect of these variables, experiments wereperformed for different combinations using statistically designed experiments.performed for different combinations using statistically designed experiments.The results obtained for color (YThe results obtained for color (Y ) and COD (Y) and COD (Y ) of actual and predicted values are) of actual and predicted values arelisted in (listed in (Table 3Table 3 (images/IJESNR.MS.ID.555570.T003.png) (images/IJESNR.MS.ID.555570.T003.png)). Decolorizations were). Decolorizations werebetween 4% and 99.9% and COD removal varied within 33.9% and 75%.between 4% and 99.9% and COD removal varied within 33.9% and 75%.
Analysis	of	variance	(ANOVA)Analysis	of	variance	(ANOVA)	(Analysis	of	variance	(Analysis	of	variance
(ANOVA))(ANOVA))The ANOVA for the second order equations are presented in (The ANOVA for the second order equations are presented in (Table 3Table 3(images/IJESNR.MS.ID.555570.T003.png)(images/IJESNR.MS.ID.555570.T003.png)). It indicates that the equation). It indicates that the equationadequately represented the relationship between the response and the signi�icantadequately represented the relationship between the response and the signi�icantvariables. The large Fisher’s "F" value indicates that most of the variation in thevariables. The large Fisher’s "F" value indicates that most of the variation in theresponse can be explained by the regression model equation. The associated P-response can be explained by the regression model equation. The associated P-value is used to judge whether F is large enough to indicate statistical signi�icance.value is used to judge whether F is large enough to indicate statistical signi�icance.If the P-value for a larger F is lower than 0.05 it indicates that the model isIf the P-value for a larger F is lower than 0.05 it indicates that the model isstatistically signi�icant [statistically signi�icant [3232]. Further it seems from ]. Further it seems from Table 3Table 3(images/IJESNR.MS.ID.555570.T003.png)(images/IJESNR.MS.ID.555570.T003.png), that the F-value of 1.47 and 10.08 bears, that the F-value of 1.47 and 10.08 bearsthe statistical insigni�icance for color and signi�icance for COD removalthe statistical insigni�icance for color and signi�icance for COD removalrespectively. Signal to noise ratio was found to be 4.34 and 12.85, for color andrespectively. Signal to noise ratio was found to be 4.34 and 12.85, for color andCOD removal respectively, since the signal to noise ratio is greater than 4 isCOD removal respectively, since the signal to noise ratio is greater than 4 isdesirable [desirable [3333].].
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The coef�icient of determination (RThe coef�icient of determination (R ) value 0.5601 for color removal shows the) value 0.5601 for color removal shows thequadratic model was insigni�icant due to pH of the solution. Where in the case forquadratic model was insigni�icant due to pH of the solution. Where in the case forCOD removal the coef�icient of determination (RCOD removal the coef�icient of determination (R ) value 0.9007 shows the model) value 0.9007 shows the modelis signi�icant for COD removal. The quadratic equations were obtained in the formis signi�icant for COD removal. The quadratic equations were obtained in the formof following equations (2 - 3):of following equations (2 - 3):

(images/IJESNR.MS.ID.555570.G003.png)(images/IJESNR.MS.ID.555570.G003.png)The above model can be used to predict the average color and COD removalThe above model can be used to predict the average color and COD removalef�iciency within the limits of the experimental factors. The plot of the predictedef�iciency within the limits of the experimental factors. The plot of the predictedresponse response versusversus actual values for color and COD respectively, are shown in ( actual values for color and COD respectively, are shown in (FigureFigure33 (images/IJESNR.MS.ID.555570.G003.png) (images/IJESNR.MS.ID.555570.G003.png)). The plot in (). The plot in (Figure 3Figure 3(images/IJESNR.MS.ID.555570.G003.png)(images/IJESNR.MS.ID.555570.G003.png)a) shows that the actual response valuesa) shows that the actual response valuesnot in a straight line with the predicted response values results in distributionnot in a straight line with the predicted response values results in distributionerror leads to insigni�icant terms for correlation coef�icient. error leads to insigni�icant terms for correlation coef�icient. Figure 3(b)Figure 3(b)(images/IJESNR.MS.ID.555570.G003.png)(images/IJESNR.MS.ID.555570.G003.png) shows that the actual response values shows that the actual response valuespoints on the plot lie reasonably close to a straight line and it concludes that thepoints on the plot lie reasonably close to a straight line and it concludes that thedata is normally distributed.data is normally distributed.
Interpretation	of	response	surface	contour	plotsInterpretation	of	response	surface	contour	plots
(Interpretation	of	response	surface	contour	plots)(Interpretation	of	response	surface	contour	plots)To investigate the interactive effect of three factors such as pH, Nacl concentrationTo investigate the interactive effect of three factors such as pH, Nacl concentrationand electrolysis time on electro-oxidation process, contour (2D and 3D) plots forand electrolysis time on electro-oxidation process, contour (2D and 3D) plots forthe predicted responses were drawn, based on the model polynomial function tothe predicted responses were drawn, based on the model polynomial function toanalyze the change in the response surface [analyze the change in the response surface [3434]. Each plot is drawn between two]. Each plot is drawn between twoindependent variables and the response; the value of other variable were held andindependent variables and the response; the value of other variable were held andset at their middle values.set at their middle values.
Effect	of	initial	pH	on	color	and	COD	removalEffect	of	initial	pH	on	color	and	COD	removal	(Effect	of	(Effect	of
initial	pH	on	color	and	COD	removal)initial	pH	on	color	and	COD	removal)The functional groups of reactive dye are anionic and it releases negative chargesThe functional groups of reactive dye are anionic and it releases negative chargeswhen it dissolves in water. pH is known to affect the structural stability of dyewhen it dissolves in water. pH is known to affect the structural stability of dyemolecules (in particular the dissociation of their ionizable sites), as well as colormolecules (in particular the dissociation of their ionizable sites), as well as colorintensity [intensity [3535] . Although the �irst order effect of pH is weak, the quadratic effect is] . Although the �irst order effect of pH is weak, the quadratic effect issigni�icant and results in a slight improvement of the degradation rate at low orsigni�icant and results in a slight improvement of the degradation rate at low orhigh pH. Response surface plots an in�inite number of combinations of the twohigh pH. Response surface plots an in�inite number of combinations of the twoselected variables with the other maintained at their respective zero coded level.selected variables with the other maintained at their respective zero coded level.A circular contour of response surfaces indicates that the interaction between theA circular contour of response surfaces indicates that the interaction between thecorresponding variables is negligible. An elliptical or saddle nature of the contourcorresponding variables is negligible. An elliptical or saddle nature of the contourplots indicates that the interaction between the corresponding variables isplots indicates that the interaction between the corresponding variables issigni�icant. In order to �ind the effect of different pH on dye spectra, initial dyesigni�icant. In order to �ind the effect of different pH on dye spectra, initial dyeconcentration of 100µM, and at different pH such as 3, 5, 7, 9 and 11, beforeconcentration of 100µM, and at different pH such as 3, 5, 7, 9 and 11, beforeoxidation were observed. The spectra obtained were shown in (oxidation were observed. The spectra obtained were shown in (Figure 6aFigure 6a(images/IJESNR.MS.ID.555570.G006a.png)(images/IJESNR.MS.ID.555570.G006a.png)).).

(images/IJESNR.MS.ID.555570.G006a.png)(images/IJESNR.MS.ID.555570.G006a.png)The changes in the different pH have a major impact on the results of RB 198, theThe changes in the different pH have a major impact on the results of RB 198, thechange in pH has a major impact on the A max shift. In acidic pH, the shift waschange in pH has a major impact on the A max shift. In acidic pH, the shift wasbathochromic since the A max shifted from 625nm to 771nm and also it wasbathochromic since the A max shifted from 625nm to 771nm and also it wasnoted that when there was change in pH, the spectra may do hypochromic shift,noted that when there was change in pH, the spectra may do hypochromic shift,ie., intensity of the peak gets decreased. Experiments were carried out by varyingie., intensity of the peak gets decreased. Experiments were carried out by varyingthe initial pH from 3 to 11; the results obtained were plotted in the initial pH from 3 to 11; the results obtained were plotted in Figures 4Figures 4(images/IJESNR.MS.ID.555570.G004.png)(images/IJESNR.MS.ID.555570.G004.png) & & 5 5(images/IJESNR.MS.ID.555570.G005.png)(images/IJESNR.MS.ID.555570.G005.png). It was observed that the color and COD. It was observed that the color and CODremoval of RB 198 is relatively low at pH 3 and high at pH 11, compared with thatremoval of RB 198 is relatively low at pH 3 and high at pH 11, compared with thatat pH 7. During electrolysis, chloride ions are converted into chlorine andat pH 7. During electrolysis, chloride ions are converted into chlorine andsubsequently to hypochlorous acid or hypochlorite ions in neutral or slightlysubsequently to hypochlorous acid or hypochlorite ions in neutral or slightlyalkaline pH. Chloride ions participate in indirect electrolysis by the followingalkaline pH. Chloride ions participate in indirect electrolysis by the followingmechanism:mechanism:

Hypochlorous acid is in equilibrium with hypochlorite ion. The ClO- thenHypochlorous acid is in equilibrium with hypochlorite ion. The ClO- thenparticipates in the oxidation reaction via following reactions:participates in the oxidation reaction via following reactions:

This is consistent with the results of Yavuz and Kaporal [This is consistent with the results of Yavuz and Kaporal [3636] while oxidizing] while oxidizingphenol using ruthenium mixed metal oxide electrode. It was reported that electro-phenol using ruthenium mixed metal oxide electrode. It was reported that electro-oxidation without initial pH adjustment (initial pH around 7) was more effectiveoxidation without initial pH adjustment (initial pH around 7) was more effectivein removing phenol, compared to pH 3 and pH 11. However, Chen & Chen [in removing phenol, compared to pH 3 and pH 11. However, Chen & Chen [3737]]reported that the pH is not signi�icant while oxidizing orange II dye on Ti/BDDreported that the pH is not signi�icant while oxidizing orange II dye on Ti/BDD
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anode. The active oxygen and the active chlorine (OCl- at pH > 7, HOCl at pH < 5)anode. The active oxygen and the active chlorine (OCl- at pH > 7, HOCl at pH < 5)species are taken as the mediators generated at the anode. However, the decreasespecies are taken as the mediators generated at the anode. However, the decreasein COD in acidic pH 3 shows which may be accounted for the low stability of thein COD in acidic pH 3 shows which may be accounted for the low stability of theactive chlorine (HOCl) in acidic solution. Similarly, at high pH 11 is againactive chlorine (HOCl) in acidic solution. Similarly, at high pH 11 is againattributed to the loss of active chlorine (OClattributed to the loss of active chlorine (OCl ) due to its disproportionate as shown) due to its disproportionate as shownin equation (9). This may be due to the fact that the OClin equation (9). This may be due to the fact that the OCl  active chlorine species active chlorine speciesare more stable under neutral conditions.are more stable under neutral conditions.

Effect	of	electrolytic	concentration	on	color	and	CODEffect	of	electrolytic	concentration	on	color	and	COD
removalremoval	(Effect	of	electrolytic	concentration	on	color	and	(Effect	of	electrolytic	concentration	on	color	and
COD	removal)COD	removal)High ionic strength is necessary to provide enough solution conductivity forHigh ionic strength is necessary to provide enough solution conductivity forelectrochemical treatment of wastewater, which may be crucial for the destructionelectrochemical treatment of wastewater, which may be crucial for the destructionprocess. Solution with various ionic strengths was obtained by preparing variousprocess. Solution with various ionic strengths was obtained by preparing variousconcentration of Nacl (aq) in this study. The electrolysis (NaCl) could be mainlyconcentration of Nacl (aq) in this study. The electrolysis (NaCl) could be mainlyattributed to the indirect oxidation effect of chlorine/ hypochlorite producedattributed to the indirect oxidation effect of chlorine/ hypochlorite producedduring the electrolysis. These anions, together with other ionic degradationduring the electrolysis. These anions, together with other ionic degradationproducts, cause the increase of the current �low; however Nacl enhances theproducts, cause the increase of the current �low; however Nacl enhances thedecolorization process [decolorization process [3838]. During the electrolysis, the organics in the RB 198]. During the electrolysis, the organics in the RB 198decomposed continuously by both direct and indirect anodic oxidation viadecomposed continuously by both direct and indirect anodic oxidation viamediators, such as active chlorine. Many researchers have studied the indirectmediators, such as active chlorine. Many researchers have studied the indirectelectro-oxidation with active chlorine performed with a graphite anode to mainlyelectro-oxidation with active chlorine performed with a graphite anode to mainlycharacterize the decolorization process of several organic dyes such as Reactivecharacterize the decolorization process of several organic dyes such as ReactiveOrange 107 [Orange 107 [2121], and Methyl Orange [], and Methyl Orange [3939].].Intentionally adding Nacl to the wastewater increases the solution conductivity,Intentionally adding Nacl to the wastewater increases the solution conductivity,decreases the energy consumption, and promotes indirect anodic oxidation bydecreases the energy consumption, and promotes indirect anodic oxidation byproducing hypochlorite at the anode. producing hypochlorite at the anode. Figures 4Figures 4(images/IJESNR.MS.ID.555570.G004.png)(images/IJESNR.MS.ID.555570.G004.png) and and 5 5(images/IJESNR.MS.ID.555570.G005.png)(images/IJESNR.MS.ID.555570.G005.png) shows the effect of the Nacl shows the effect of the Naclconcentration was varied from 0.05 to 0.2 M, added on the color and COD removalconcentration was varied from 0.05 to 0.2 M, added on the color and COD removalef�iciencies, respectively. As the electrolyte concentration increase, the electricalef�iciencies, respectively. As the electrolyte concentration increase, the electricalconductivity of the solution increased and thus the electrolytic cell voltage forconductivity of the solution increased and thus the electrolytic cell voltage formaintaining a constant current decreased. Consequently, the energy consumptionmaintaining a constant current decreased. Consequently, the energy consumptiondecreased as the electrolyte concentration increased. However, color removal isdecreased as the electrolyte concentration increased. However, color removal isnot proportional to the electric current and salt concentration. Then a speci�icnot proportional to the electric current and salt concentration. Then a speci�icbatch run was performed under these optimum conditions in order to test thebatch run was performed under these optimum conditions in order to test theestimated performance and color and COD removals were achieved as 98.9% andestimated performance and color and COD removals were achieved as 98.9% and65.5%, respectively, denoting a reasonable prediction of the model. This result65.5%, respectively, denoting a reasonable prediction of the model. This resultalso showed that the relationship developed between the responses and thealso showed that the relationship developed between the responses and theindependent variables in Eqs. (2)-(3) was satisfactory.independent variables in Eqs. (2)-(3) was satisfactory.
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Effect	of	electrolysis	duration	on	color	and	COD	removalEffect	of	electrolysis	duration	on	color	and	COD	removal
(Effect	of	electrolysis	duration	on	color	and	COD	removal)(Effect	of	electrolysis	duration	on	color	and	COD	removal)In view of reducing the power consumption and optimizing the electrochemicalIn view of reducing the power consumption and optimizing the electrochemicaloxidation processes, the effect of electrolysis duration on color and COD removaloxidation processes, the effect of electrolysis duration on color and COD removalwas studied by varying the duration from 1 to 20 min. The results are shown inwas studied by varying the duration from 1 to 20 min. The results are shown in((Figures 4Figures 4 (images/IJESNR.MS.ID.555570.G004.png) (images/IJESNR.MS.ID.555570.G004.png) and  and 55(images/IJESNR.MS.ID.555570.G005.png)(images/IJESNR.MS.ID.555570.G005.png)). The color and COD removal ef�iciency). The color and COD removal ef�iciencydepends directly on the concentration of oxidants produced by the electrodesdepends directly on the concentration of oxidants produced by the electrodeswhich in-turn depends upon time (Xwhich in-turn depends upon time (X ). When the value of X). When the value of X  increases, an increase increases, an increaseoccurs in the concentration of active chlorine. Consequently, an increase in the Xoccurs in the concentration of active chlorine. Consequently, an increase in the Xincreases the color and COD removal ef�iciency.increases the color and COD removal ef�iciency.Figure 6bFigure 6b (images/IJESNR.MS.ID.555570.G006b.png) (images/IJESNR.MS.ID.555570.G006b.png) shows the changes in RB shows the changes in RB198 decolorization with the retention time. From the UV-Vis spectra, it was clear198 decolorization with the retention time. From the UV-Vis spectra, it was clearthat, the cleavage of chromophores and aromatic rings results in the decrease ofthat, the cleavage of chromophores and aromatic rings results in the decrease ofoptical density of the dye solution [optical density of the dye solution [4040]. Also the absorption band has been shifted]. Also the absorption band has been shiftedfrom visible to near UV region, which indicates the rapid decolorization of the dye,from visible to near UV region, which indicates the rapid decolorization of the dye,
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giving smaller and colorless organic or inorganic products, which can further begiving smaller and colorless organic or inorganic products, which can further betreated for complete mineralization. The decrease of COD shows that furthertreated for complete mineralization. The decrease of COD shows that furtherdegradation of the initial colorless products occurred along with thedegradation of the initial colorless products occurred along with thedecolorization during the electrochemical treatment. It could be concluded thatdecolorization during the electrochemical treatment. It could be concluded thatthe COD removal is lower than that of color removal, indicating the chromophorethe COD removal is lower than that of color removal, indicating the chromophoredegradation is the �irst step of the electrochemical mechanism with thedegradation is the �irst step of the electrochemical mechanism with thecomparison of COD removal. The COD values of 65.5% indicate that the removalcomparison of COD removal. The COD values of 65.5% indicate that the removaldegree for color disappearance does not mean complete degradation or completedegree for color disappearance does not mean complete degradation or completeremoval of pollutants in the solution.removal of pollutants in the solution.
UV-visible	spectra	changesUV-visible	spectra	changes	(UV-visible	spectra	changes)	(UV-visible	spectra	changes)The changes in the absorption spectra (both at UV and visible regions withThe changes in the absorption spectra (both at UV and visible regions withrespective wavelengths of 297 and 625 nm) at various time intervals during therespective wavelengths of 297 and 625 nm) at various time intervals during thetreatment of RB 198 were presented in treatment of RB 198 were presented in Figure 6bFigure 6b(images/IJESNR.MS.ID.555570.G006b.png)(images/IJESNR.MS.ID.555570.G006b.png). The optimum condition was. The optimum condition wasconsidered and the experiment was performed. The peak observed in the visibleconsidered and the experiment was performed. The peak observed in the visibleregion was due to blue color of chromophore, while peak observed in the UVregion was due to blue color of chromophore, while peak observed in the UVregion was due to anthraquinone structure of the dye [region was due to anthraquinone structure of the dye [4141]. The disappearance of]. The disappearance ofthe visible band in a short period might be due to the fragmentation of thethe visible band in a short period might be due to the fragmentation of thequinone links by oOH radical attack during the oxidation process. At the samequinone links by oOH radical attack during the oxidation process. At the sametime, the reduction in the absorbance at 297 nm was considered as the evidencetime, the reduction in the absorbance at 297 nm was considered as the evidenceof chromophore degradation in the dye molecule and its intermediates. Thisof chromophore degradation in the dye molecule and its intermediates. Thisrepresents the residual COD present in the ef�luent.represents the residual COD present in the ef�luent.
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FT-IR	spectra	analysisFT-IR	spectra	analysis	(FT-IR	spectra	analysis)	(FT-IR	spectra	analysis)

(images/IJESNR.MS.ID.555570.G007.png)(images/IJESNR.MS.ID.555570.G007.png)Figure 7Figure 7 (images/IJESNR.MS.ID.555570.G007.png) (images/IJESNR.MS.ID.555570.G007.png) shows the FTIR spectra of RB shows the FTIR spectra of RB198 before and after 20 min of electrolysis. 198 before and after 20 min of electrolysis. Figure 7aFigure 7a(images/IJESNR.MS.ID.555570.G007.png)(images/IJESNR.MS.ID.555570.G007.png) shows the several bands can be shows the several bands can bedistinguished in the spectra. The broad peak around 3442.84 cmdistinguished in the spectra. The broad peak around 3442.84 cm , which assigns, which assignsto N-H vibration [to N-H vibration [4242]. Furthermore, the peaks at 2929.47cm]. Furthermore, the peaks at 2929.47cm  and 2856.84cm and 2856.84cm ,,which represent the C-H symmetric stretching and C-H asymmetric stretching ofwhich represent the C-H symmetric stretching and C-H asymmetric stretching ofCHCH , respectively [, respectively [4343], The vibrations located at 1607.10cm], The vibrations located at 1607.10cm  (a combination of (a combination ofphenyl ring vibrations with stretching of the C=N group), It can be observed thatphenyl ring vibrations with stretching of the C=N group), It can be observed thatthe bands at 1547cmthe bands at 1547cm , which were associated with the chromophore of the, which were associated with the chromophore of thereactive dye, 1413.66 cmreactive dye, 1413.66 cm  (O-H bending vibrations), and 1127.89cm-1 (O-H bending vibrations), and 1127.89cm-1(symmetric vibrations of the sulfonate groups). The peaks at 1035.52cm-1 and(symmetric vibrations of the sulfonate groups). The peaks at 1035.52cm-1 and795.52cm-1 account for Cl. The peaks at 616cm-1 account for aromamatic or795.52cm-1 account for Cl. The peaks at 616cm-1 account for aromamatic orbenzene ring. The (benzene ring. The (Figure 7bFigure 7b (images/IJESNR.MS.ID.555570.G007.png) (images/IJESNR.MS.ID.555570.G007.png)) showed) showedafter 20 min of electrolysis, the FTIR spectrum was obviously modi�ied withafter 20 min of electrolysis, the FTIR spectrum was obviously modi�ied withrespect to the aforementioned spectrum of the initial working dye. It can berespect to the aforementioned spectrum of the initial working dye. It can beobserved that the bands at 3457.88cmobserved that the bands at 3457.88cm  which indicate the presence of both free which indicate the presence of both freeand hydrogen bonded OH groups. The peak becoming weaker near 1631.55cmand hydrogen bonded OH groups. The peak becoming weaker near 1631.55cm ,,which is responsible for the combination of stretching vibration of C=Owhich is responsible for the combination of stretching vibration of C=Oconjugated with C=C [conjugated with C=C [4444]. The peaks at 2929.47cm]. The peaks at 2929.47cm , 2856.84cm, 2856.84cm 1547.10cm1547.10cm ,,1413.66cm1413.66cm  1035.52cm 1035.52cm  and 795.52cm and 795.52cm  get completely disappeared. get completely disappeared.Furthermore, a new absorption peak of 1631.55cmFurthermore, a new absorption peak of 1631.55cm  was observed, which can be was observed, which can beassigned as the stretching of C=O in carboxylic groups, aldehydes or ketones [assigned as the stretching of C=O in carboxylic groups, aldehydes or ketones [4545]]generated in the process. The presence of this band indicated the formation ofgenerated in the process. The presence of this band indicated the formation ofnew species, which originated from the fragmentation of the parent RB 198new species, which originated from the fragmentation of the parent RB 198molecule. The formation of new peaks at 1145.31cmmolecule. The formation of new peaks at 1145.31cm  and 975.52cm and 975.52cm  indicates indicatesthe C-NOthe C-NO  of aromatic ring and C-N stretching of aromatic NO of aromatic ring and C-N stretching of aromatic NO . The IR spectrum. The IR spectrumalso projects peaks at 620.99cm'also projects peaks at 620.99cm'  and 489.85cm' and 489.85cm'  which account for aromatic which account for aromaticbenzene ring. This variation in the FTIR spectra has explained the incompletebenzene ring. This variation in the FTIR spectra has explained the incompletemineralization of RB 198.mineralization of RB 198.
GCMS	analysisGCMS	analysis	(GCMS	analysis)	(GCMS	analysis)

(images/IJESNR.MS.ID.555570.G008.png)(images/IJESNR.MS.ID.555570.G008.png)RB 198 degradation pathway is illustrated in (RB 198 degradation pathway is illustrated in (Figure 8Figure 8(images/IJESNR.MS.ID.555570.G008.png)(images/IJESNR.MS.ID.555570.G008.png)). The chromophore in the dye molecule). The chromophore in the dye moleculeshould be split in the �irst step. The bonds C-N and C-N in the RB 198 moleculeshould be split in the �irst step. The bonds C-N and C-N in the RB 198 moleculewere probably cleaved by free radical attack, which led to the decolouring of RBwere probably cleaved by free radical attack, which led to the decolouring of RB
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198 in the bulk solution. In electro oxidation process the dye molecule split into198 in the bulk solution. In electro oxidation process the dye molecule split intoS1 - S5 namely Sodium 3-amino-benzenesulfonate, 6-chloro-[S1 - S5 namely Sodium 3-amino-benzenesulfonate, 6-chloro-[11,,33,,55]triazine-2,4-]triazine-2,4-diamine, 3,6-Diiamine-2,5-dichloro-cyclohexa-1-4-diene-1,4- diol, sodium;3,6-diamine, 3,6-Diiamine-2,5-dichloro-cyclohexa-1-4-diene-1,4- diol, sodium;3,6-diamino-2 -hydroxy -benzenesulfonate and Benzene-1,4 - diamine. The abovediamino-2 -hydroxy -benzenesulfonate and Benzene-1,4 - diamine. The abovementioned organic compounds were further degraded to generate aromaticmentioned organic compounds were further degraded to generate aromaticintermediates. These compounds later underwent deep degradation to formintermediates. These compounds later underwent deep degradation to formbenzene- type intermediates, the further oxidation of which resulted in aromaticbenzene- type intermediates, the further oxidation of which resulted in aromaticring cleavage and generation of aliphatic acids, such as hexanoic acid, enanthicring cleavage and generation of aliphatic acids, such as hexanoic acid, enanthicacid and hexylacetic acid. Finally, these organic acids were decomposed to COacid and hexylacetic acid. Finally, these organic acids were decomposed to CO  to toaccomplish the entire mineralization process. Overall, the electrolysisaccomplish the entire mineralization process. Overall, the electrolysisdecomposition of RB 198, in the graphite electrode system can be described by adecomposition of RB 198, in the graphite electrode system can be described by aseries of consecutive degradation steps.series of consecutive degradation steps.
ConclusionConclusionIn this study central composite design was proven to be a suitable responseIn this study central composite design was proven to be a suitable responsesurface methodology to determine the effect of operative variables (pH, NaClsurface methodology to determine the effect of operative variables (pH, NaClcontraction and reaction time) and their interaction on the electro-oxidation of C.I.contraction and reaction time) and their interaction on the electro-oxidation of C.I.RB 198. The results indicated that the degree of color removal was obviouslyRB 198. The results indicated that the degree of color removal was obviouslyaffected by pH. Statistical analysis of variance (ANOVA) indicated neither theaffected by pH. Statistical analysis of variance (ANOVA) indicated neither theinteraction effect nor the quadratic model was insigni�icant for color removal,interaction effect nor the quadratic model was insigni�icant for color removal,while effects were signi�icant on COD. The high Rwhile effects were signi�icant on COD. The high R  value of COD removal indicates value of COD removal indicatesthe presence of a high correlation between observed and predicted values. Thethe presence of a high correlation between observed and predicted values. Themaximum color and COD removal were achieved as 98.9 and 65.5% respectively.maximum color and COD removal were achieved as 98.9 and 65.5% respectively.The response surface methodology models were derived after the insigni�icantThe response surface methodology models were derived after the insigni�icantterms were excluded. This result could �it the experimental data well. Based onterms were excluded. This result could �it the experimental data well. Based onthe results the oxidation process, decomposition of RB 198 was proposed to bythe results the oxidation process, decomposition of RB 198 was proposed to by�irstly initiated by the cleavage of reactive ring; conform to UV-vis spectra, which�irstly initiated by the cleavage of reactive ring; conform to UV-vis spectra, whichresults in decloratiozation on the solution. Afterwards GCMS, the reactionresults in decloratiozation on the solution. Afterwards GCMS, the reactionintermediates underwent a series of successive degradation steps. Finally, theseintermediates underwent a series of successive degradation steps. Finally, theseorganic acids were decomposed to carbon dioxide to accomplish an entireorganic acids were decomposed to carbon dioxide to accomplish an entiremineralization process.mineralization process.
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