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A new approach for the removal of unﬁxed dyes from
reactive dyed cotton by Fenton oxidation
Sana Islam, Irfan Ahmed Shaikh, Nabeela Firdous, Azhar Ali
and Yumna Sadef

ABSTRACT
The use of fresh water in the textile wash-off process is becoming more expensive day by day due to
declining water levels in the region. In this study, the potential of using Fenton oxidation in wash-off
cotton reactive dyeing was investigated. The spent wash-off wastewater from one dyeing was ﬁrst
treated with Fenton oxidation, and then reused in several washing-offs employing widely used
reactive dyes, C.I. Reactive Yellow 145, C.I. Reactive Blue 21, and C.I. Reactive Red 195. Experimental
results showed that at acidic pH (3) using optimized quantities of FeSO4 and H2O2, Fenton process
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yielded a signiﬁcant reduction (90–95%) of color in 30 minutes of treatment time. New washing-offs
were then carried out in Fenton decolorized wash-off wastewater, and dyed cotton fabric samples
were subjected to quality evaluations in terms of color difference properties (ΔL*, Δc*,Δb*, Δa*,
ΔE*cmc) and wash fastness properties. This study concluded that after Fenton oxidation, treated
liquor can be effectively reused subsequent washing-offs without compromising fabric quality
parameters as ΔE*cmc was less than 1, and washing and crocking was also in the range of 4.5–5
which is commercially acceptable. Moreover, the difference in color strength in terms of k/s was also
negligible.
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INTRODUCTION
Water is the basic need of every living organism and one of

bodies (Christensen et al. ). The textile industry is one

the most valuable resources on Earth. It covers about two-

of the major industrial sectors which consumes high

thirds of the Earth’s surface (Akali et al. ). However,

volumes of water for its various processes and consequently

due to the growing population, industrialization and urban-

discharges large amounts of highly polluted water (Patel &

ization, the usage of water is increasing, making it more and

Shah ). It is estimated that approximately 100,000 differ-

more scarce and expensive. Many industries, such as textile,

ent synthetic dyes are produced annually (Tunc et al. ).

paper and pulp, dyeing and printing industries, are causing

Various industries release dyes into wastewater, thus

water pollution by discharging their efﬂuent into water

creating environmental issues due to the persistent and
recalcitrant nature of dyes (McMullan et al. ). Reactive
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dyes are highly colored substances having a chromophore
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forming a covalent bond during the dyeing process. Reactive
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dyes are used mostly for the coloration of cellulosic ﬁbers

Fenton’s process is a simple and inexpensive process.

such as cotton. In the dyeing process, almost 50–90%

The chemicals used are readily available and easy to

reactive dyes adsorbed to ﬁbers by covalent bond and the

handle (Gogate & Pandit ; Sohrabi et al. ). Fenton’s

remainder underwent hydrolysis, i.e. they react with water,

process has the capacity to treat and eliminate textile dyes in

so it is required to wash away the non-bonding dye from

a short reaction time (Ertugay & Acar ; Shafeeyan et al.

ﬁber by using extensive amounts of water (Pierce ).

). In addition to treating textile waste water, Fenton’s

The intense color of wastewater generated with a high

process has been applied to a variety of efﬂuents such

chemical oxygen demand (COD) necessitates an efﬁcient

as treatment of 1-amino-8-naphthol-3,6-disulfonic acid

treatment process before discharge. Efﬂuent treatment and

manufacturing wastewater (Zhu et al. ), reduction of

recycling of water are beneﬁcial to the environment as

polynuclear aromatic hydrocarbons in water (Beltran et al.

they reduce the pollution discharge and provide treated

), improvement in dewatering of activated sludge (Lu

wastewater for reuse purposes.

et al. ), removal of adsorbable organic halogens

Typically, colored wastewater is treated by convention-

(AOX) from pharmaceutical wastewater (Hofl et al. ),

al physical and chemical methods such as sedimentation,

treatment of brines or treatment of paper and pulp manufac-

active carbon adsorption, chemical coagulation (Rauf

turing efﬂuents (Perez et al. ), and treatment of metal

et al. ). However these techniques have some limit-

containing industrial efﬂuent (Lou & Huang ).

ations related to additional treatment due to less

Different studies have suggested that after treatment of

efﬁciency, cost and sludge disposal (El Qada et al. ).

wastewater, it can be reused in other industrial processing

Biological treatment by activated sludge can treat biode-

(Mangat et al. ; Shaikh et al. ). Textile wastewater

gradable waste and can reduce COD but is inefﬁcient for

reclamation and reuse can conserve water and help in

treating non-biodegradable organic matter, also complete

reducing environmental pollution (Lu et al. ). It is very

color removal is not possible with this method (Bes-Piá

common to use clean and expensive water in textile

et al. ). The major drawbacks of conventional treat-

dyeing processes (Erdumlu et al. ). After dyeing, a

ments, including inefﬁciency in pollutant removal, high

wash-off process is employed to remove unﬁxed hydrolyzed

costs and large footprint, can be overcome by using

dyes from the ﬁber to enhance crock fastness and wash fast-

an attractive method to improve the biodegradability of

ness properties (Broadbent et al. ). The wash-off process

industrial efﬂuent. Advance oxidation process (AOPs) is

is the most water consuming step in the dyeing process as it

a potential alternative which is a chemical oxidation

requires several cold (40–60  C) and hot (80–98  C) rinses

process that generates and use hydroxyl free radicals

(Burkinshaw & Salihu ; Hu et al. ). The treatment

.

(OH ) as strong oxidant. Its application is able to reduce

and reuse of wash-off wastewater offers a potential saving

contamination and degradation of the dyes present in

in water usage (Mangat et al. ; Shaikh et al. ).

wastewater. Among AOP’s, the Fenton process is one of

In this study, the treatment of wash-off liquor was

the promising oxidation techniques (Oller et al. ; Sin

carried out by Fenton oxidation and treated wastewater

et al. ).

was reused in the next dyeing process. The efﬁciency of

Fenton’s process has been successfully applied for the

the Fenton process for removing the hydrolyzed dyes is com-

treatment of textile efﬂuent. Fenton’s reagent is found to

pared by evaluating the washed fabrics and washing liquors.

be effective to achieve complete color and partial COD
removal from textile wastewater (Gokkuş et al. ;
Sindhi & Mehta ). Fenton’s reagent is a mixture of

MATERIAL AND METHODS

H2O2 and ferrous ions in acidic medium that generate
hydroxyl radicals with oxidation potential of 2.8 V (Ertugay

In this research work, pre-bleached single jersey cotton

& Acar ). The overall reaction is:

knitted fabric having a weight of 200 g/m2 was used.

H2 O2 þ Fe2þ ! Fe3þ þ HO þ HO
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Characteristics of dyes used in the study

Dye

Molecular formula

C.I. Reactive
yellow 145

Chemical structure

Molecular weight g/mol

Maximum absorption

C28H20ClN9Na4O16S5

1,026.26

417 nm

C.I. Reactive
Red195

C31H19ClN7Na5O19S6

1,136.32

517 nm

C.I. Reactive
Blue 21

C40H25CuN9O14S5

1,079.535

665 nm

kindly provided by KISCO Dyes, Korea. Table 1 shows the

with a liquor ratio of 1:10 using 80 g/L of sodium chloride

chemical structures of these dyes. The chemical auxiliaries

and 20 g/L of sodium carbonate for each synthetic dye

such as sodium chloride, sodium carbonate and sodium

stuff. As Figure 1 shows, the dyeing process for each type

hydroxide used in the dyeing process were of commercial

of dye stuff was accomplished at 60  C for 60 minutes

grade and used without any puriﬁcation. During the

using an isothermal dyeing method. All dyeing experiments

wash-off process, acetic acid was used for neutralization

were carried out in sealed 300 mL capacity stainless steel

and 1 g/L Dekol SN was used in the soaping step as the

dyeing pots housed in an AHIBA Nuance Laboratory

soaping-off agent.

dyeing machine by Datacolor. The dyeing method conditions
are schematized in Figure 1. To remove unﬁxed dyes, fabric

Dyeing and wash-off steps

was washed-off after dyeing. One 5 g dyed fabric swatch
was washed-off according to conventional methods as

Ten grams of cotton fabric was dyed individually with a 5%

shown in Table 2, in which fabric was constantly stirred in

shade depth consisting of two fabric swatches (5 g each)

each step and this fabric was regarded as reference.
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Isothermal dyeing process. A: Cold dyeing; B: Salt addition; C: Sodium carbonate addition and stirring for 45 minutes; D: Wash-off – Cold rinse; E: Neutralization wash with acetic
acid; F: Warm wash; G: Soaping; H: Hot rinse; I: Cold rinse.

Fenton oxidation

constantly stirred using a magnetic stirrer at 150 rpm for
20 min. The Fenton reaction is based on the yield of hydroxyl

Wash-off wastewater collected after each dyeing was mixed

radicals by the combination of peroxide ions and ferrous ions

and subjected to Fenton oxidation by using a simple

in acidic conditions. According to Equation (1), the reaction

laboratory set-up that comprised a glass beaker (1,000 mL)

is very fast at the initial stage due to rapid degradation of

placed on a stirring device at room temperature. pH of the

organic contaminants by hydroxyl radicals OH¯ in the pres-

samples were adjusted by using 0.5 M H2SO4 and 0.5 M

ence of high Fe2þ ions. At the second stage, the rate of

NaOH. After that, pre-determined amounts of catalyst

reaction will decrease due to the reaction of the Fe3þ and

FeSO4.7H2O and 30% w/w H2O2 were added to initiate

H2O2 forming HO•2 radicals (E ¼ 1.65 V) which are weaker

the production of hydroxyl radicals. Sample solution was

oxidants compared to the OH• radicals (E ¼ 2.80 V)
(Equation (2)):

Table 2

|

Dyeing process conditions

Fe2 þ H2 O2 !Fe3þ þ OH þ OH
3þ

þ H2 O2 !Fe

2þ

þ

HO2

þH

þ

(1)
(2)

Time (min)

Fe

30

10

30

10

Fe3þ þ HO2 !Fe2þ þ O2 þ Hþ

(3)

OH þ H2 O2 !HO2 þ H2 O

(4)

Temperature ( C)

Step

Washing step

1.

Cold rinse

2.

Neutralization with CH3COOH

3.

Warm wash

50

10

4.

Hot wash

80

10

5.

Soaping

50

10

6.

Cold rinse

30

10
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methods 61-2001 (Colorfastness to Washing), and 8-2001

Characteristic of wash-off wastewater

Parameters

Before Fenton process

After Fenton process

pH

9–10

2.8–3.0

COD (ppm)

1,200–1,700

400–600

TDS (ppm)

2,000–4,000

3,000–4,500

EC (μS/cm)

1,500–1,700

1,700–1,900

(Colorfastness to Crocking) were followed because these
are commonly used in the industry. Grey scale 1 (poor) to
5 (excellent) was used for wash fastness properties.

Percentage color removal was determined by using a
UV/VIS spectrophotometer with the following equation:
%Color removal ¼ (A0  A)=A0 × 100

RESULTS AND DISCUSSION
Fenton treatment results

(5)
Effect of pH on color removal

where A0 ¼ absorbance untreated wash-off liquor, A ¼
absorbance of Fenton treated wash-off liquor. The character-

Fenton oxidation strongly depends on the pH of the sample

istics of wash-off wastewater are summarized in Table 3.

solution due to the generation of hydrogen peroxide radical

Reuse of treated wastewater

ciency of the reaction. The optimum pH for the Fenton

factors. Thus sufﬁcient control of pH would increase efﬁreaction was found to be around 3 (Ebrahiem et al. ),
After Fenton oxidation, wastewater was reused in the next

regardless of the dye used, as shown in Figure 2. At higher

wash-off of the sample dyed fabric (5 g swatch) for each

pH activity, Fenton reagent is reduced due to the consump-

dye and this fabric was labeled as batch.

tion of hydroxyl radical and formation of ferric hydroxide
precipitate. The oxidation potential of hydroxyl radicals
decreases with increasing pH. At pH below 3, formation

Testing protocols

of iron complex species [Fe(H2O)6]2þ, reacts slower with
Dyed samples obtained from standard dyeing and those

hydrogen peroxide than other species and results in

using Fenton treated wastewater were subjected to color

deceased efﬁciency. At higher pH, the Fenton process is

and wash fastness testing methods to evaluate the quality

replaced by the coagulation process as the ferric ions

of material for commercial and domestic use. Testing results

present in solution precipitated in the form of ferric

obtained for both fabrics dyed in fresh water and Fenton

hydroxide (Fe(OH)3).

treated wastewater were compared. The reﬂectance values
of samples were determined employing a 600 Datacolor
Spectroﬂash spectrophotometer (USA) under illuminant
D65, using 10 standard observer. Color values (lightness
L*, red/green axis a*, yellow/blue b*, chroma C* and
hue h) will be calculated and total color differences (color
difference ΔE*, lightness difference ΔL*, chroma difference
ΔC*, and hue difference Δh*) was determined using the
following CMC equation:
ΔE cmc ¼ [(ΔL )2 þ (Δh ) þ (ΔC )2 ]1=2
2

(6)

Fastness properties of dyed fabrics for washing and
rubbings

were

evaluated

according

to

Downloaded from https://iwaponline.com/jwrd/article-pdf/9/2/133/553777/jwrd0090133.pdf
by guest

AATCC

test

Figure 2

|

Effect of pH on % color removal.

138

S. Islam et al.

|

Removal of reactive dyes by Fenton reagent and reuse of treated wastewater

Journal of Water Reuse and Desalination

|

09.2

|

2019

Effect of ferrous ion concentration on color removal
Laboratory scale studies to optimize the dose of ferrous ions
to mineralize the organics is essential as a high amount of
unutilized iron ions will increase the total dissolved solids
(TDS) of efﬂuent and it may render the reuse of wastewater
(de Luna et al. ). Usually the rate of dye degradation
increases with an increase in the concentration of ferrous
ion up to a certain concentration and above the optimum
dose a limited degradation rate will be observed. At the optimum dosage of ferrous ions, the percentage color removal
achieved is 96, 95 and 93% for C.I. Blue 21, C.I. Red 195

Figure 4

|

Effect of H2O2 concentration on % color removal.

and C.I. Yellow 145, respectively, as shown in Figure 3.
Table 4

Effect of H2O2 concentrations on color removal

|

Comparison of k/s values of standard and batch samples

Dye

k/s value (standard)

k/s value (batch)

Δ k/s

The concentration of hydrogen peroxide plays a central role

C.I. Blue 21

25

26

1

for the overall efﬁciency of the dye degradation process.

C.I. Red 195

14.1

14.1

0

Usually the percentage color removal increases with an

C.I. Yellow 145

21.5

18.9

2.6

increase in the dosage of hydrogen peroxide. However, an
excess amount is not suggested as the unused portion of
hydrogen peroxide during the Fenton process contributes

spectrophotometer (USA). Δ k/s values were studied by
using the following equation:

to COD, as shown in Figure 4, by using 2,000 mg/L of
H2O2 color removal of 96, 95 and 93% is obtained for C.I.
Blue 21, C.I. Red 195 and C.I. Yellow 145, respectively.

Δk=s ¼ k=s (standard)  k=s (batch)

(7)

Evaluation of color strength

Evaluation of color difference properties

Color strength of standard and batch samples were com-

Color difference values of dyed fabric between standard

pared in terms of k/s values as shown in Table 4, which

(dyed in fresh water) and batch (those wash-off using

was

Fenton treated wastewater) samples were compared. Color

measured

by

using

a

Datacolor

SF

600

difference

in

terms

of

ΔL*(lightness/darkness),

Δc*

(weaker/stronger), Δh*(hue difference) and ΔE*cmc (total
color difference) results are shown in Table 5. If the value
is positive, it means the color of the batch sample is lighter
Table 5

|

CIELAB Color difference values of standard and samples dyed in Fenton treated
wastewater

CIELAB color difference values

Figure 3

|

Effect of Feþ2 concentrations on % color removal.
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Dyes

ΔL*

Δa*

C.I. Blue 21

–1.66

–0.06

C.I. Red 195

–0.01

–0.01

0.06

–0.19

–2.31

C.I. Yellow 145

Δb*

Δc*

Δh*

ΔE*cmc

0.28

–0.14

–0.25

0.77

–0.01

0.0

–0.02

0.02

–2.16

–0.83

0.89
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Comparison of color fastness.

than the color of the standard, if the value is negative then it

0.89. ΔL* showed a lighter trend with a value of 0.06 and

means the batch sample is darker than the standard. Δa*

its Δc* ¼ –2.16. The sample was greener in shade as

value indicates redder and greener tones of shade when

Δa* ¼ –0.19 and bluer Δb* ¼ –2.31. The overall results

the values are positive and negative, respectively. Similarly,

given in Figure 5 show that the total color difference

a Δb* value indicates yellower and bluer tones of shade

(ΔE* cmc) values of almost all dyeing were found to be

when the values are positive and negative, respectively.

less than 1.0, which is a commercially acceptable limit.

Table 5 also shows the magnitude of total color difference
(ΔE*cmc), which is measured by a reﬂectance spectropho-

Evaluation of wash fastness properties

tometer and considered acceptable when the value is less
than or equal to 1.0. C.I. Blue 21, ΔL* ¼ –1.66 value indi-

Table 6 shows a comparison of wash fastness of both refer-

cated that the batch sample is darker than the standard

ence and fabric dyed in Fenton treated wash-off wastewater.

and Δ c* ¼ –0.14 showed a duller color. Δa* ¼ –0.06 is

The results indicated that dry and wet rubbing and staining

greener and Δb* ¼ 0.28 is bluer in shade. For C.I. Blue 21,

to a multiﬁbre strip showed identical wash fastness as the

the value of color difference (ΔE*) ¼ 0.77 which is accepta-

changes in shade were acceptable as all results were in the

ble (Negueroles et al. ). It was observed in the case of

range of 4.5–5 (Hossain et al. ). The dry and wet crock-

C.I. Red 195 that the value of ΔE* was close to zero which

ing results are provided in Table 7. The good fastness values

means both sample and batch have negligible color differ-

and low difference in color conﬁrmed that Fenton treated

ence. The Yellow 145 sample was acceptable when ΔE* ¼

wastewater would be an acceptable option to using Fenton

Table 6

|

Wash fastness properties of standard and samples dyed in Fenton treated wastewater

Multi-ﬁber staining
Dyes

Type of dyeing

Celulose acetate

Unmercerized cotton

Nylon 6,6

Polyester terylene

Acrylic (courtelle)

Wool worsted

C.I. Blue 21

Standard

5

4

4.5

4.5

4.5

4.5

C.I. Blue 21

Batch

5

4

4.5

4.5

4

4.5

C.I. Red 195

Standard

5

4

5

5

5

4.5

C.I. Red 195

Batch

5

5

4

5

5

5

C.I. Yellow 145

Standard

5

4

4.5

4.5

5

4.5

C.I. Yellow 145

Batch

5

4

5

5

5

4.5
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is an effective and efﬁcient method of recycling spent
liquor or wastewater from textile mills.

Crocking
Dye

Type of dyeing

DRY

Wet

C.I. Blue 21

Standard
Batch

4.5
4.5

4.5
4.5

C.I. Red 195

Standard
Batch

4.5
4.5

4.5
4.5

C.I. Yellow 145

Standard
Batch

4.5
4.5

4.5
4.5

treated wastewater in the wash-off process to remove hydrolyzed dyes effectively.

CONCLUSIONS
In this research work, the ability of Fenton reagent to treat
wash-off wastewater was tested. The color removal capacity
of real wastewater of 12 dyes was investigated by optimizing
reaction conditions such as pH, ferrous iron concentration
and H2O2 concentration. This treatment proved to be very
effective for color removal under acidic pH.
The present study investigated a new method of cotton
dyeing wash-off using discarded wastewater which was generated during the washing and rinsing processes of reactive
dyeing. A composite sample of the lab scale dyeing wash-off
step was collected, and then treated using the Fenton oxidation process employing appropriate quantities of FeSO4
and H2O2. At acidic pH (3), the Fenton process yielded a signiﬁcant reduction (80–99%) of color. Several dyeing using
three different types of dyes were carried out in Fenton decolorized wastewater, and commercially acceptable quality
results in terms of wash fastness, crocking fastness, and
color difference properties were attained. Experimental
results indicated that ΔE* values of all dyeing were found
to be closer to 1.0, which is considered to be a commercially
acceptable tolerance level in the industry. The present study
also showed excellent results with reference to water saving
and reduction of pollution load because the new method
under investigation did not use any fresh water and used
only discarded wastewater which could otherwise pollute
water bodies. This study concluded that Fenton oxidation
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