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Treatment and Reuse of Wastewater in the Textile Industry by Means of Coagulation
and Adsorption Techniques
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Abstract: There is no single process capable of adequate treatment mainly due to the complex nature of
textile effluents. The use of combined processes has been suggested recently to overcome the disadvantage
of individual unit processes. Coagulation and activated carbon adsorption (ACA) techniques provides
alternative medium for removing color at a much lower cost as compared with ACA only. A combination
of coagulation and adsorption processes for acid red dye removal as an example of wastewater condition
was investigated using aluminum sulfate (Alum) and ferric chloride as coagulants and granular activated
carbon (GAC) as adsorbent under different operating conditions, such as pH, coagulant and adsorbent
doses, initial dye concentration and time of contact, at room temperature (25± 2Co). The potential of the
combined system represented by % of color removal was evaluated to determine the best condition of
treatment. The results reveal that the application of coagulation before adsorption is most effective in
removing nearly 71- 97.7% using alum at pH 6- 8 and 53.7- 98.9% using FeCl3 at pH 4- 6 at a lower
dose of both coagulants 70- 110 ppm., and 20- 90 ppm dye concentration. Removal of the dye by
adsorption increased from 75- 90% by decreasing its initial concentration from 50 to 10 ppm for 2.5 gm
GAC, from 80- 95% for 5 gm GAC at pH 8 and equilibrium time of shaking 120 min. at room
temperature (25± 2 Co). The % of dye removal increased with shaking time, coagulants and adsorbent
doses, pH 6- 8 and with decreasing initial dye concentration. The equilibrium data fitted very well to
Freundlich Isotherm and their correlation coefficient were determined under different experimental
conditions.
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INTRODUCTION

One of industries that play an important part in the
economy of several countries is textile industry.

Textile dyeing processes are among the most
environmentally unfriendly industrial processes, because
they produce colored wastewaters that are heavily
polluted with dyes, textile auxiliaries and chemicals[26].
Therefore, dye bath effluents have to be treated before
being discharged to the environment[30].

Textile wastewater is a complex and highly
variable mixture of many polluting substances,
including dye, which induce color coupled with organic
load leading to disruption of the total ecological
balance of the receiving water stream[25]. and may have
an inhibitory effect on the process of photosynthesis,
thus affecting the aquatic ecosystem due to reduced
light penetration and may also be toxic to some aquatic
life due to the presence of metals, chlorides, etc., in
them as well dyes inhibit several biological
processes.[1,19,24,13,23,11,12,] Color removal had been the
target of significant attention in the last few years, not
only because of its toxicity, but mainly due to its
visibility problems and non-biodegradable

characteristics[1]. Equally, disposal of dyeing industrial
effluents pose a major environmental problem because
they contain pollutants that are especially resistant to
removal by the typical microbial population and may
be toxic to the micro-organisms present in treatment
plants[20,22,18].

Dyes are used in many industries such as food,
paper, carpets, rubber, plastics, cosmetics and textiles
in order to color their products.

The largest class of dyes used in the world is
referred to as acid dyes. Acid dyes are anionic
compounds that are mainly used for dyeing nitrogen
containing fabrics like wool, polyamine and silk. Most
of acid dyes belong to azo and anthraquinone groups
and give a wide range of bright colors on textiles.

Azo dyes, characterized by their azo bond (R1-
N=N- R2), are more popular group of dye used,
basically, in textile industry. More than one million
tons of dyes annually produced in the world are azo
dyes representing 70% by weight. Azo dyes, due to
their poor exhaustion properties as much as 30% of
initial dye applied remain unfixed and end up in
effluents.[10]
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Various physicochemical, coagulation, oxidation,
precipitation, filtration and biological techniques can be
employed to remove dyes from wastewater[22,17].
However, these processes are effective and economic
only in cases where solute concentration is relatively
high. Chemical methods of dye removal accumulate
sludge that can create disposal problems[31,28]. These
methods require chemicals and require large amount of
electrical energy which further poses problems for
environment[16].

Coagulation was conducted for the treatment of
industrial wastewater to achieve maximum removal of
COD and TSS. Therefore,[4,8], investigated the effect of
coagulation dose, pH of solution and polyelectrolyte as
coagulant aid for effective treatment of industrial
wastewater. Aluminum sulfate (alum), ferric chloride,
ferrous sulfate was commonly used as coagulants[3].

Adsorption is an efficient and economically
feasible process for treatment of wastewater containing
chemically stable pollutants[7,5]. Activated carbon is
widely used for adsorption of organic compounds and
hardly biodegradable substances[29,9,6,13,2,14].

The addition of activated carbon to the activated
sludge system or anaerobic- aerobic process is a way
of improving the effectiveness of the system with
respect to removal of toxic and hardly biodegradable
compounds such as synthetic dyes[21].

The present study has been undertaken to evaluate
the efficiency of alum and ferric chloride coagulants
and granular activated carbon (GAC) adsorbent in the
textile wastewater treatment. The ability of these
methods to remove various dyes such as acid red as an
example of wastewater under different experimental
condition was investigated for economic and more
efficiency for effluent treatment. Water reuse may be
possible as well [32]

MATERIAL AND METHODS

The dye used is an acid dye (soluble in water)
which has a color index (C.I. fast acid red 4). The dye
is a product of (Dyestuff and Chemical Company,
ESMA Dye of Egypt). 

Acid Red 4 (C.I. 14710), M wt=380

The American (CE CARBON GAC 1240 Granular
Activated Carbon) was applied. Specification of
activated carbon is: total surface area 1000- 1100 m2 /g
and bulk density 0.48g/cm3

For Acid dye the wavelength of the maximum
absorbance (λ max) and the calibration curves at λ max of
the dye were determined. The absorbance curve was
carried out for 20mg/L solution and the calibration
curve was carried out at concentration ranging from 5-
40 mg/L.

Coagulation Experiments: Experimental study was
designed to obtain maximum color removal at optimum
pH, alum [Al (SO4)3.18H2O] and FeCl3 of commercial
grade were utilized for the experimental procedure. A
series of jar test experiment after adding coagulants
(10- 110 ppm) and adjusting the pH from 4- 10 using
1N NaOH or 5% HCl. Applying 3 min. rapid mixing
at 100 rpm, 15 min. slow mixing at 30 rpm and 30
min., settling for 30 min. was conducted by using
200ml dye solution with different concentrations (20-
90 ppm).

After each run siphons are used to draw off
samples from the same depth in each beaker, the
solution was filtered and the concentration of the
filtrate was determined by spectrophotometer analysis.
The following variables were studied: concentration of
the dye, pH value of the dye solution, contact time,
Coagulant dosage and type. All the coagulation
experiments were carried out at room temp. (25 ± 2
Co). 

Adsorption Experiments: A stock solution of acid red
dye with a concentration of 1000 ppm was prepared
and dilutions were made with distilled water to make
different concentrations ranging from 10- 50 ppm.

Batch adsorption experiments were conducted by
shaking a series of ten glass bottles containing 200 ml
dye solution at different concentrations(10, 20, 30, 40
and 50 mg/L) with different adsorbent dosage ( 0.5, 1,
2, 3 g) were poured into each of the bottles, and the
bottles were tightly fixed in the shaker (Shaker with 8
clamps, Stuort Scientific). The shaking proceeded for
2hrs, to establish equilibrium, after which the mixture
was left to settle for 10 min. then filtered.

The pH of the mixture was adjusted from 4-10 to
the required pH value (pH model 68 was used).

The filtrate’s absorbance was determined by means
of the UV spectrophotometer (Spectrophotometer,
Spectronic 20 D) adjusted at λ max  (510nm) of the
dyestuff used. By referring to the calibration curve of
the dye the corresponding concentration of the dye in
the equilibrium solution could be obtained.

Adsorption Isotherm: Freundlich model was employed
to analyze the relation between the amount of dye
adsorbed and its equilibrium concentration.

Data collected during an adsorption batch system
will describe the performance of the carbon and will
yield valuable information if properly interpreted.  
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Freundlich Isotherm  

X/m   =K Ce
1/n

Where
X/m or qe is the amount adsorbed at equilibrium

(mg/g)
K (L/g) and n are Freundlich constants, are

indicators of adsorption capacity of the adsorbent and
adsorption intensity, respectively (Malik, 2004), and
must be evaluated for each solute and temperature.

Ce is the equilibrium concentration of the adsorbate
(mg/L)

The Freundlich equation can be put in the log
form (linear form). 

Log(X/m)    = Log K + 1/n Log Ce

The removal efficiency (E) of dye on GAC, the
sorption capacity (q) where calculated by the following
equations.
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Where, 
Ci and Ce are the initial and final concentrations of

dye (mg/L) in aqueous solution, respectively, V is the
volume of the solution (L) and m is the weight of
adsorbent (g).

For acid red dye the following variables were
studied: concentration of the dye, pH value of the dye
solution, shaking time and the adsorbent dosage. The
temperature was kept constant at room temperature
(25±2Co).

RESULTS AND DISCUSION

Fig (1) shows the absorbance curve of 20 mg/l
Acid Red dye at wave length range from 400 to 600
nm, where λ max   is 510 nm. 

Fig (2) shows the calibration curve of dye in linear
relationship, it was found that the molecular extinction
coefficient 13110 for Acid Red.

Effect of Coagulant Type and Dose on % of Color
Removal: Figs (3,4) represent the effect of both
coagulant doses used (10- 110 ppm), the % color
reduction for different concentration of acid red dye at
pH (4- 10). It was found that the % reduction
increased with increasing both coagulant doses. The
maximum reduction was 97.7% at pH 6- 8 using 110
ppm alum and was 98.7% at pH 4 using 110 ppm
FeCl3 for 40 ppm dye concentration, at room temp.(25±
2Co).

It was seen that, alum was preferred at pH 6- 8,
but FeCl3 more effect at acidic medium at pH 4 at
room temperature. 

Adsorption Experiments:
Effect of Contact Time and Initial Dye
Concentrations: During the process of removal of acid
red (AR4), the effect of contact time on removal was
studied and was found to be an important parameter.
The removal of dye was faster in initial stages and
higher due to large surface area available of adsorbent.
After adsorption, the rate of dye uptake is controlled
by the rate of dye transported from the exterior to the
interior sites of the adsorbent particles, was in a
decreasing pattern and became constant after
equilibrium was achieved as shown in fig. (5). The
removal % decreased from 92% to 87.5% by
decreasing contact time from 120 to 30 min. for
10mg/l using 5g GAC and from 66.5% to 55% for
50mg/l at the same conditions. The % removal was
83% to 55.6 by decreasing contact time from 120 to 30
min. for 10mg/l using 2.5g GAC and from 63% to
27% for 50 mg/l. It was found that the % removal
increased with decreasing the initial dye concentration
using different adsorbent doses.
 
Effect of pH: The effect of initial pH of dye solution
on the percentage removal of AR4 was investigated by
varying the initial pH from 4- 9 at constant
temperature, the results are shown in figs (6, 7). The
% of color removal was 90 %, 70% for 10mg/l, 50mg/l
of AR4 using 2.5 g/l GAC at pH = 8, but it was 95%,
80% for 10mg/l, 50mg/l using 5g/l GAC at pH = 9.
The highest dye uptake was recorded at pH 8 – 9.

Effect of Carbon Dosage on Adsorption Process:
Adsorbent dosage is an important parameter for
adsorption process because this factor determines the
capacity of an adsorbent for a given initial
concentration of the adsorbate. The effect of adsorbent
dosage was studied on acid red dye removal. The result
showed that as the adsorbent concentration increased,
the amount adsorbed per unit mass of the adsorbent
decreased (qe) or X/m therefore the % of color removal
increased. Considerably as shown in fig (8) at the
equilibrium for different dye concentrations, maximum
removal was found to be 92%, 83% using 5g, 2.5g
GAC respectively.
 
Adsorption Isotherm: A plot of log X/ m (qe) Vs log
Ce for Freundlich isotherm yield a straight line[27]. As
shown in Figs (8, 9, 10) from the slope and intercept
of the plot, n and K can be estimated with correlation
coefficient of 0.98, 0.94, 0.83 for 5g/l GAC and 0.84,
0.85 and 0.90 for 2.5g/l GAC.
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Fig. 1: Absorbance Curve for Acid Red 4 at 20mg/L

Fig. 2: Calibration Curve for Acid Red 4 at λmax = 510nm 

Fig. 3: Effect of Different Coagulants Doses (Alum) on % of Color Reduction at different Dye Concentrations
(20, 40, 70 and 90 p.p.m.) at Room Temperature
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Fig. 4: Effect of Different Coagulants Doses ( FeCl 3) on % of Color Reduction at Different Dye Concentrations
(20, 40, 70 and 90 p.p.m.) at Room Temperature

Fig. 5: Relation between Dye concentrations and Time of Shaking for 5gl-1 and 2.5gl-1 Granular Activated Carbon
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Fig. 6: Effect of Different pH on Adsorption at 2.5gl-1 Granular Activated Carbon at Room Temperature

Fig. 7: Effect of Different pH on Adsorption at 5gl-1 Granular Activated Carbon at Room Temperature
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Fig. 8: Adsorption Data with Freundlich for Acid Red 4 at 2.5gl-1, 5gl-1 Granular activated Carbon at pH 7, Room
Temperature

Fig. 9: Adsorption Data with Freundlich for Acid Red 4 at 2.5gl-1, 5gl-1 Granular activated Carbon at pH 4, Room
Temperature

Fig. 10: Adsorption Data with Freundlich for Acid Red 4 at 2.5gl-1, 5gl-1 Granular activated Carbon at pH 9 Room
Temperature.
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Fig. 11: Flow Diagram of a Proposed System for Textile Wastewater Treatment and Reuse

Conclusion: This study shows that combination of
coagulation with alum or ferric chloride followed by
adsorption with GAC for acid red 4 dye as an example
of wastewater condition was more efficient than
adsorption alone to overcome the high cost of GAC,
settling for 30 min. after complete coagulation and then
filtration was done to overcome or minimize sludge
formation that makes a clogging of filters in industrial
treatment operation. The optimum experimental
conditions were found in pH 6- 8 for both methods
using alum and GAC and pH 4- 6 using FCl3 and GAC
for 120 min.(equilibrium time at highly % reduction
obtained) at room temperature (25 ±2Co).

A flow diagram of a proposed system for textile
wastewater treatment and reused was investigated as
shown in fig .11. Reused effluent may use for cooling
or agriculture purposes.

The Freundlich adsorption isotherm model was
used for the description of the adsorption equilibrium
of AR4 dye onto GAC at different conditions. The data
were in good agreement with Freundlich isotherm.
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