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Ömür Gökkuş1

Received: 22 October 2015 /Accepted: 16 February 2016 / Published online: 24 February 2016

� Springer-Verlag Berlin Heidelberg 2016

Abstract In this study, electro-Fenton (EF) process was

used for the decolorization and mineralization of Basic

Black 3 (BB3) (a popular textile dye), and the treatment

performance of carbon fiber was investigated as a different

cathode material to in situ electro-generated H2O2. Total

organic carbon (TOC) and color removal were selected as

performance indicators of the process. For this purpose,

some operational parameters such as pH, Fe2? concentra-

tion, current, oxygen flow rate, and supporting electrolyte

concentration were optimized, and the best treatment

conditions were found as 3, 100 mg/L, 200 mA, 0.5 L/min,

and 50 mM, respectively. At these optimum conditions,

complete color removal and 39.1 % TOC removals were

achieved in 100 min of electrolysis time. The results

obtained from the study indicate that EF process can

mineralize and decolorize BB3, therefore, it can be selected

as a pre-treatment technology before different conventional

treatment methods for reducing toxicity and enhancing the

biodegradability of wastewater. According to the results,

carbon fiber cathode may offer a wastewater treatment

alternative by electrochemical technologies.

Keywords Carbon fiber cathode � Electro-Fenton � Basic
Black 3 � Color removal � TOC removal

List of symbols

Variables

Ao Absorbance value (nm) at initial

AOPs Advanced oxidation processes

APHA American Public Health Association

At Absorbance value (nm) at time ‘‘t’’

BB3 Basic Black 3

CI Color index

COD Chemical oxygen demand (mg/L)

DC Direct current

EF Electro-Fenton

I Applied current (mA)

OH* Hydroxyl radical

SEC Specific energy consumption (kWh m-3)

SEM Scanning electron microscopy

t Time (min)

TOC Total organic carbon (mg/L)

V Potential (V)

Greek symbols

kmax Wavelength at maximum absorbance (nm)

g Efficiency of removal (%)

Introduction

Textile industries consume a huge amount of water during

dyeing, printing, and washing. Their water consumption is

between 25 and 250 m3 per ton of product (depending on

the type of production process). Studies show that about 40

million tons of textiles are produced every year in the

world and the annual effluents produced in these industries

are about 4–8 million m3 (Rahimi et al. 2013). From among
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them, basic dyes (also called cationic dyes) are primarily

used for acrylic, nylon, silk, and wool dyeing in textile

industries (Dod et al. 2015), and these dyes are included in

water-soluble dye class which makes them more stable to

degradation and difficult to treat them by conventional

treatment methods (Gupta and Suhas 2009).

Textile wastewater originated from various dying pro-

cesses has a complex structure and its content consists of a

large number of pollutants including dyes (Khouni et al.

2012). In general, textile dyes are resistant to heat, light,

and oxidizing reactive and mostly non-biodegradable. Most

of dyes cause visual problems like transmitting color to the

water bodies. Contaminated water environment with dyes

affects aquatic life by preventing the transmission of sun-

light. The wastewater originated from textile industries

includes large amounts of dyes, and some of them are very

toxic even at low concentration. Because of potential tox-

icity of dyes to human health, a lot of them have been

called as hazardous pollutants (Hao et al. 2014). Due to the

toxicity of the dye substances textile industries have been

forced to meet tight environmental legislations (Vascon-

celos et al. 2015). In addition, color pollution in aquatic

medium causes negative esthetic effect on the water

medium (Anirudhan and Ramachandran 2015). The color

removal of textile wastewater is hence of great significance

before discharging it into the environment.

There are several techniques to remove dyes from

aqueous phase efficiently, such as coagulation, biodegra-

dation, photodegradation, adsorption, ozonation, Fenton

processes, and biosorption (Shen et al. 2015). Advanced

oxidation processes (AOPs) have been widely used to

remove toxic and persistent pollutants (Gökkuş et al.

2014). In particular, Fenton oxidation has been applied for

textile dye processes and decolorization of wastewater that

contains dye (Gökkuş and Çiner 2010). However, Fenton

process has a significant disadvantage of producing ferric

hydroxide sludge, and its disposal requires additional sep-

aration and operations.

In recent years, a large amount of research has been

conducted on the application of electrochemical methods to

environment protection. In this regard, a novel EF method

was developed for the treatment of wastewater containing

recalcitrant contaminants (Dimoglo et al. 2004). EF is one

of the AOPs and this process is based on the formation of

hydroxyl radicals that are highly reactive species. Produced

hydroxyl radicals lead to oxidation of recalcitrant organic

compounds until their degradation and finally convert them

into CO2, water, and inorganic ions (Hammami et al.

2012). The EF oxidation method, which is one of the most

known AOPs, appears to be economical, more efficient,

and eco-friendly, because H2O2 can be continually pro-

duced in situ from reduction of O2 at the cathode surface in

acidic solution (Eq. 1), and by this way generates OH* with

the iron catalyst in solution by Eq. (2) (Tang et al. 2015).

O2 þ 2Hþ þ 2e� ! H2O2 ð1Þ

H2O2 þ Fe2þ ! Fe3þ þ OH� þ OH� ð2Þ

However, its application is limited by such drawbacks as

the difficulty in controlling the dose of ferrous salts for

catalytic oxidation, and the high cost and danger in the

production, transportation, and storage of H2O2 (Sun et al.

2015). In addition, energy requirement is another important

parameter which should be considered in the selection of

the process type (Kordkandi and Ashiri 2015). Most AOP

methods are energy intensive for radical production to

remove organic matter. In this regard, calculation of energy

consumption may be beneficial to compare with other

AOP’s. Therefore, the EF process has been under intense

study due to its continuity in situ electro-generation of

H2O2 from carbon-based cathodes (Sun et al. 2015).

When the literature is considered, the studies related to

carbon fiber used as cathode in EF reactions appear to be

limited. According to the literature, an acceleration of the

abatement rate can be achieved in EF process using dif-

ferent carbon-based cathodes which present high electrode

surfaces. Oxidation power of the EF system is mainly

related to cathode material used in the electrolysis (Özcan

et al. 2008). In addition, the electro-generation of hydrogen

peroxide, either for EF application or for direct oxidation

and disinfection, successfully occurs on carbon-based

cathodes due to their high overpotential toward water dis-

charge (Petrucci et al. 2016).

In this study, the main purpose was to evaluate the

removal of color and TOC from a BB3 dye solution by the

EF process using a carbon fiber cathode material. For this

purpose, the effects of the operational parameters such as

ferrous ion (catalyst) concentration, pH, supporting elec-

trolyte concentration and applied current on the color, and

TOC removal efficiencies were investigated. Moreover, the

energy consumption of the EF system at optimum condi-

tions was determined.

Experimental

Materials and reagents

Commercially available BB3 dyestuff was purchased from

Sirma Kimya manufacturer in Istanbul/Turkey and used

without any pre-treatment. The name, color index (CI)

number and chemical structure of the BB3 are shown in

Fig. 1 and its main features are shown in Table 1. Deion-

ized water was used to prepare dyestuff solutions. The pH

of the sample was adjusted to the desired pH interval
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(2.0–6.0) using 1 N H2SO4 and 1 N NaOH. Solutions at

different concentrations of supporting electrode were pre-

pared from NaCl (Merck, 99.5 %).

Analytical methods

Chemical oxygen demand was determined according to the

standard methods (2120 C. spectrophotometric method)

(APHA 1998). A UV–vis spectrophotometer (Hach Lange

DR2500) was used to measure color absorbance of the dye

solutions. The wavelength at maximum absorbance of dye

solution was determined as 601 nm by spectrum scanning

between 300 and 800 nm. Turbidity of the BB3 solution

was measured using a turbidimeter (Hach Lange 2100 AN).

The pH and conductivity were measured with a multi

parameter electrode (Hach Lange HQ40D). The mineral-

ization of BB3 was monitored by a decrease in TOC value,

determined using a Shimadzu TOC-L analyzer. The

removal percentage of color was calculated according to

Eq. (3).

Color removal gð Þ ¼ Ao � At

Ao

; ð3Þ

where A0 and At are the absorbance values (nm) at initial

and time t at the kmax value, respectively.

The carbon fiber cathode with the area of 200 cm2 was

purchased from Spinteks Textile & Carbon Co. (Denizli,

Turkey). After each treatment period the carbon fiber cathode

was immersed in sulfuric acid solution for one night, then

washed with deionized water and dried in oven. There is a

strong relationship between electrochemical H2O2 production

and volumetric surface area and the electrode porosity (Coria

et al. 2015). In the present study, carbon fiber cathode was

preferred because it has a very high specific surface area, and

SEM images of carbon fiber are shown in Fig. 2.

Iron (II) sulfate heptahydrate (Merck 99.5 %) was used

as catalyst in EF reactions. On the other hand, Pt anode has

been successfully used to degrade various toxic and

recalcitrant compounds such as herbicides and pesticides

because it releases much lower amounts of toxic metallic

ions and has no negative effect on environment (Brillas

et al. 1998; Jiang and Zhang 2007).

Experimental setup and procedure

The experiments were carried out in a cylindrical and undi-

vided glass cell with volume of 500 ml (105 mm internal

diameter and 145 mm height), supplied with a magnetic

stirrer (800 rpm). A platinum wire (length = 110 mm) was

used as the anode and immersed in the center of the cell,

which contained BB3 dye solution. A carbon fiber wounded

glass reactor was used as the electrolytic cell and anode was

placed vertically in the reactor during the electrolysis

(Fig. 3). The potential of working electrodes was controlled

by a DC (GWinstek SDP 3606, 30 V, 6A). In case of

necessity, Na2SO4 (Merck 99 %) was used as supporting

electrolyte. Additionally, the carbon fiber cathode was fed at

two different pure O2 gas (96 % purity) flow rates (0.2 and

0.5 L/min) to continuously generate H2O2 from O2 reduc-

tion. The length between anode and cathodewas 4 cmduring

all of the experiments.

Electrolysis time was kept constant as 100 min for each

run. Samples were withdrawn from the reactor at 10 min

intervals. Aliquots of 2 mL were withdrawn from EF

reactor and finally, centrifuged at 4000 rpm before analy-

sis. All of the experiments were carried out at room

temperature.

Results and discussion

The performance of the EF system in the removal of color

and TOC from the dye solution depends on the amount of

produced hydroxyl radical at the solution. It seems that

Fig. 1 Chemical structure and chemical formula of BB3 (world dye

variety)

Table 1 Main features of BB3

Parameters Average value

pH 5.10–5.60

TOC (mg/L)a 31.52 ± 1.8

COD (mg/L)a 43.21 ± 3.2

Conductivity (ls/cm)b 273 ± 5.3

Color (abs)a 2.940

Turbidity (NTU)a 3.74 ± 0.6

kmax (nm) 601

a 100 mg/L dye concentration
b 1000 mg/L dye concentration, 20.8 �C
kmax wavelength at maximum absorbance
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different electrodes affect significantly on hydrogen per-

oxide generation rate in the EF reactions (Pignatello et al.

2006). In this sense, cathode materials play an important

role on the performance of EF system. Therefore, this study

focuses on the efficiency of the carbon fiber cathode in EF

treatment. To this end, several experiments were carried

out using carbon fiber cathode in order to investigate the

effect of operating parameters on EF reaction such as pH,

applied current, oxygen flow rate, and supporting elec-

trolyte concentration.

Effect of initial pH

The pH is one of the most important factors for the EF

process. It is a well-known fact that Fenton processes are

efficient in the acidic range, and the oxidation ability of

hydroxyl radical is fairly strong at acidic conditions

(Babuponnusami and Muthukumar 2012). In conventional

Fenton applications, iron species begin to precipitate as

ferric hydroxides at higher pH values. On the other hand,

iron species form stable complexes with H2O2 at lower pH

values, leading to deactivation of catalysts (Nidheesh and

Gandhimathi 2012). In acidic pH values, there is a signif-

icant production of OH* directly related to the oxidation of

organic matter, evidencing the influence of the pH on the

color and COD removal efficiencies (Çiner and Gökkuş

2013). Therefore, the significant production of free radicals

at acidic conditions enhances the oxidation of organics

(Babuponnusami and Muthukumar 2012). The results of

mineralization and color removal at different pH values are

shown in Fig. 4.

The effect of pH values on treatment performance was

investigated using different pH values within the range of

2–5. According to Fig. 4a, the highest mineralization rate

(21.4 %) was found when initial pH was maintained at a

value around three. This could be caused by the increase in

ionic strength at excessively low pH values. Many

researchers report that pH 3 is the most convenient pH

value for Fenton reaction. The results obtained in the study

showed similarity to those of Rosales (Rosales et al. 2009).

On the other hand, the best color removal results (95.5 %)

were attained at pH 4 (Fig. 4b), a value different from

optimum pH of TOC removal. This result is directly related

to that fact H2O2 is electro-generated at the cathode by the

two electron reduction of dissolved oxygen in the acidic

solution during electrolysis (Eq. 1) and thus, electro-gen-

eration of high amount of H2O2 at low pH promotes the

production of more OH* radical and provides higher

removal results.

Effect of Fe21 concentration

In the Fenton reactions, hydroxyl radicals could be gen-

erated from hydrogen peroxide and ferrous ions (Fenton’s

reagent) with proportionate ratios (Eq. 2). There exists an

optimal concentration of ferrous ions for the oxidative

Fig. 2 SEM images of carbon fiber

Fig. 3 Schematic diagram of experimental setup
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degradation of TOC (Chen and Liang 2008). Figure 5

shows the effect of Fe2? concentration on color removal

and TOC mineralization by applying 50 mA at pH 3.0

during treatment of BB3 solution of 100 mg/L. In the

investigation of optimum Fe2? optimization experiments,

Fe2? concentration was changed in the range of

25–150 mg/L.

According to Fig. 5, 100 mg/L Fe2? catalyst concen-

tration provided the best removal results for both TOC

(Fig. 5a) and color (Fig. 5b) removals, but further increase

on Fe2? concentration didn’t change the EF treatment

results. At these optimum conditions 25.8 % TOC and

83.6 % color removals were obtained. When initial Fe2?

concentration was increased to 150 mg/L, both TOC and

color removal efficiencies decreased dramatically. It has

been reported by some researchers that an excess of ferrous

ions would consume hydroxyl radicals, accordingly, no

improvements could have been achieved when Fe2? con-

centration increased than that of the optimum value (Fer-

nades Rêgo et al. 2014). Eventually, our findings for the

investigation of optimum catalyst concentration are in

agreement with the literature.

Effect of applied current

The mineralization of organic pollutants in the EF system

is closely associated with the amount of OH* radicals

produced by the Fenton’s reaction (Eq. 2), where H2O2 is

generated in situ by O2 reduction on the cathode (Eq. 1).

As reported earlier by many authors the production rate of

Fig. 4 Effect of pH on a TOC and b color removals (conditions: initial dye concentration, 100 mg/L; applied current, 50 mA; O2 flow rate, 0.2

L/min; Fe2? concentration, 25 mg/L; Na2SO4 concentration, 30 mM)

Fig. 5 Effect of initial Fe2? concentration on a TOC and b color removals (conditions: initial dye concentration, 100 mg/L; applied current,

50 mA; O2 flow rate, 0.2 L/min; pH 3; Na2SO4 concentration, 30 mM)
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H2O2 on the cathode is affected by the applied current

(Bañuelos et al. 2014; Fernades Rêgo et al. 2014; Nidheesh

and Gandhimathi 2013). In order to investigate the effect of

the applied current on pollutant removal efficiencies of EF

process several experiments were carried out in the range

of 50–200 mA current values at operation time 0–100 min

and at initial pH of 3.0. The results of experiments are

depicted in Fig. 6. Removal of color and TOC was directly

proportional to the applied current values, and increased

with electrolysis time.

As shown in Fig. 6a, the best TOC removal efficiency of

27.5 % was achieved at 200 mA current value in 100 min.

As seen in Fig. 6a there are significant differences between

200 mA and other applied current values which may be

explained by the greater production of H2O2 from Eq (1)

leading to generation of higher amount of hydroxyl radicals

from Fenton’s reaction Eq (2). Likewise, color removal

results have shown similar trends to the TOC removal, and

200 mA current values have provided the best removal

results for both TOC and color removals. At this optimum

current, 98.7 % color removal was obtained in 100 min

(Fig. 6b). The optimum current for this study was selected

as 200 mA. Another remarkable result derived from Fig. 6

showed that the time required for the treatment decreased

with the increase in applied current density. The time

required was drastically shortened in particular when the

applied current density was raised from 50 to 200 mA.

Effect of oxygen flow rate

The solution pH, electrolyte type, and cathode material

have important roles on EF process regarding electro-

chemical H2O2 production (Zhang et al. 2008). In the EF

reactions, oxygen is passed through the liquid medium at

the beginning of the reaction. Then, the diffused oxygen is

adsorbed onto active cathodic sites, and as a result, it is

converted into hydrogen peroxide by cathodic reduction.

Eventually, the removal efficiency would increase when

the flow rate of oxygen is enhanced (Daneshvar et al.

2008). In the current study, the effect of O2 flow rate on

color and TOC removals at optimum conditions was

investigated using two different O2 flow rates (0.2 and 0.5

L/min). Figure 7a, b shows the TOC and color removal

changes at different O2 flow rates.

In this part of the study, two different oxygen flow rates

were tested to compare the effect of oxygen flow rate on

TOC and color removal performance. The results show that

the removal efficiencies increased just slightly, with the

increase in the oxygen flow rate, and after 100 min of

electrolysis, the removal efficiencies at 0.5 L/min oxygen

flow rate were 28.4 and 100 % for TOC and color,

respectively while TOC and color removal efficiencies

were 27.5 and 98.7 % at 0.2 L/min oxygen flow rate,

respectively. These results are in accordance with the

report from Wang et al. (2008). The difference between the

TOC and color removals is probably attributable to the

higher dissolved oxygen concentration around the carbon

fiber cathode and enhancement of mass transfer by the flow

of oxygen bubbles with increasing flow rate from 0.2 to 0.5

L/min. Accordingly, the amount of H2O2 production is

thought to be higher at high O2 flow rates. This result can

be easily observed in the 80th min of electrolysis. Later

than the 80th min of the electrolysis, 0.5 L/min flow rate

provided better results than 0.2 L/min oxygen flow rate.

Hence, 0.5 L/min was selected as optimum oxygen flow

rate and it was used for the next step in this study.

Fig. 6 Effect of applied current on a TOC and b color removals (conditions: initial dye concentration, 100 mg/L; Fe2? concentration, 100 mg/L;

O2 flow rate, 0.2 L/min; pH 3; Na2SO4 concentration, 30 mM)
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Effect of supporting electrolyte concentration

Supporting electrolyte improves the solution conductivity,

and accelerates the electron transfer, thus benefiting the EF

reaction. When the solution conductivity is not sufficient,

supporting electrolyte is needed (Nidheesh and Gandhi-

mathi 2012). In this study, Na2SO4, one of the most com-

monly used supporting electrolytes was added both to

increase the electrical conductivity of dye solution and to

test its effect on the removal efficiency. Five different

Na2SO4 concentrations (20, 30, 40, 50, and 60 mM) were

tested for this purpose, and results are depicted in Fig. 8a, b.

The most important factor in any electrochemical

method is the energy consumption. The ohmic potential

drop in the solution and the anode and cathode

overpotentials cause higher electrical energy consumption

in electrochemical systems (Tezcan et al. 2013). According

to Fig. 8a, TOC removals increased with increasing sup-

porting electrolyte concentration up to 50 mM (39.3 %).

Then, a drastic decrease in TOC removal was observed

when the supporting electrolyte concentration was

increased to 60 mM (21.3 %). The possible explanation for

this is the consumption of the generated hydroxyl radical by

high SO4
2- concentration (Zhou et al. 2007) by the fol-

lowing equation:

OH� þ SO2�
4 ! OH� þ SO��

4 ð4Þ

Optimal supporting electrolyte concentration, therefore,

would be 50 mM for this system. In addition, color of the

dye solution at all investigated supporting electrolyte

Fig. 7 Effect of oxygen flow rate on a TOC and b color removals (conditions: initial dye concentration, 100 mg/L; Fe2? concentration, 100 mg/

L; applied current, 200 mA; pH 3; Na2SO4 concentration, 30 mM)

Fig. 8 Effect of supporting electrolyte concentration on a TOC and b color removals (conditions: initial dye concentration, 100 mg/L; Fe2?

concentration, 100 mg/L; applied current, 200 mA; pH 3; oxygen flow rate, 0.5 L/min)
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concentrations was completely removed (Fig. 8b). How-

ever, according to Fig. 8b, 50 mM supporting electrolyte

concentration shows best removal trend in the first 60 min

with similar results to the TOC removal. Using EF process,

the most effective treatment results were achieved in short

treatment times. In addition, Fig. 9 shows the color dif-

ferences of the dye solutions during electrolysis period.

Specific energy consumption (SEC)

The SEC of the EF process at a given time ‘‘t’’ was

obtained from the following equation:

Specific energy consumption kwh m�3
� �

¼ V x I x t

Volume
;

ð5Þ

where V (voltage) and I (ampere) are the average cell

voltage until time t (hour) and applied current, respectively.

By using Eq. (5), energy consumption of EF process for

each supporting electrolyte concentrations were deter-

mined and results were given in Fig. 10.

As seen in Fig. 10, energy consumption of the process

decreases with an increase in supporting electrolyte con-

centration, and the minimum energy consumption belongs

to 60 mM Na2SO4 concentration. According to Fig. 10,

while the maximum energy consumption with 20 mM

Na2SO4 concentration is 4.96 kWh m-3, energy con-

sumption is 3.67 kWh m-3 when supporting electrolyte

concentration is increased to 60 mM. What could be the

possible reason for this is the conductivity of solution

increased by the addition of a supporting electrolyte

decreasing ohmic resistance between the anode and the

cathode to minimal levels. Hence, the energy consumption

decreases because of the reduction of the applied potential

(Tezcan et al. 2013). Although energy consumption

decreases with increasing supporting electrolyte concen-

tration, TOC removal trend is not similar to energy con-

sumption in this study as stated before (Sect. 3.5). On the

other hand, when the cathode potential is above the optimal

value, the competitive electrode reactions (parasitic reac-

tions), such as the discharge of O2 and H2, may take place

and as a result, it may decrease the amount of generated

H2O2 in the electrolytic cell (Lei et al. 2010). Conse-

quently, this situation may affect the EF results in a neg-

ative way. Accordingly, in order to provide cost-

effectiveness, EF system should be carried out at pre-de-

termined optimal operational conditions and by this way,

higher removal efficiencies associated with leads to some

extend to an increase lower energy consumption can be

provided. However, future experiments should be carried

out in order to better understand the impact of operational

parameters for carbon fiber cathode on different wastewa-

ter samples.

Conclusions

In this study, treatment of BB3 dye solution was studied,

and the effects of operational parameters on the EF pro-

cesses using carbon-based carbon fiber cathode and Pt wire

anode were evaluated based on removal efficiencies (TOC

and color). Batch experiments in EF experiments show that

the best operational conditions for the treatment of BB3 are

pH 3, I = 200 mA, Fe2? = 100 mg/L, pure oxygen flow

Fig. 9 Decolorization of BB3

dye solution during EF

treatment of 100 min

(conditions: initial dye

concentration, 100 mg/L; Fe2?

concentration, 100 mg/L;

applied current, 200 mA; pH 3;

Na2SO4 concentration, 50 mM,

oxygen flow rate, 0.5 L/min)

Fig. 10 Comparison of SECs at optimum conditions versus different

supporting electrolyte concentrations (conditions: initial dye concen-

tration, 100 mg/L; Fe2? concentration, 100 mg/L; applied current,

200 mA; pH 3; oxygen flow rate, 0.5 L/min)

1532 Ö. Gökkuş
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rate = 0.5 L/min in terms of color removal and TOC

mineralization. At these optimum operational conditions,

color and TOC removals in 100 min electrolysis time are

100 and 39.3 %, respectively. According to the results

while pH, current, Fe2? concentration have an significant

influence on the EF processes, oxygen flow rate does not

have so much effect as others. Accordingly, the best

removal percentages were achieved with 0.5 L/min oxygen

flow rate; yet, it would be advisable to use 0.2 L/min for

the treatment of BB3 as it provides similar results to those

of 0.5 L/min. Fe(II) as a catalyst, leads to some extend to

an increase in TOC removal of basic dye BB3, but a further

increase in Fe2? concentration does not change the EF

treatment results because redundancy of iron (II) catalyst

consumes hydroxyl radicals and causes a decrease in TOC

removal performance. To decrease energy consumption,

Na2SO4 was used as the supporting electrolyte in the

experiments. Although the energy consumption decreases

with increasing supporting electrolyte concentration, a

higher supporting electrolyte concentration than 50 mM

causes negative effect on the performance of the process in

terms of the TOC mineralization efficiency. The experi-

mental results of color and TOC removal (%) indicate that

the use of carbon fiber cathode in EF process may be a

suitable treatment alternative for textile wastewater con-

taining various basic dyes.
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