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Abstract: Effluents of large variety of industries usually contain important quantities of synthetic organic
dyes. The discharge of these colored compounds in the environment causes considerable non-aesthetic
pollution and serious health-risk factors. Since conventional wastewater treatment plants cannot degrade
the majority of these pollutants, powerful methods for the decontamination of dyes wastewaters have
received increasing attention over the past decade. In this research a general review of efficient coagulation
technology developed to decolorize and/or degrade dyeing effluents for environmental protection. The effect
of coagulant dosage and pH of wastewater on the color removal was examined, and the % of color removal
results treated by FeCl3 coagulant was compared with those treated by Alum at different pH. Treatment
of FeCl3 and Alum coagulants is used effectively to coagulate Azo Direct dye waste as a means of
pollution control, but with some limitation for Azo Reactive dye. Small doses of 50 mg/L have been found
effective to remove most of the color at pH from 4-6. Both coagulants were used for Direct and reactive
dye solutions, the dye solutions were buffered with KH2PO4, and the pH varied from 4 to 10. For direct
dye, it was found that the optimum coagulants (both) doses were as follows; 50-70 mg/L at low dye
concentration from 20-40 mg/L, but at dye concentration from 70-90mg/L the coagulants doses were
increased at different pH. On the other hand for Reactive dye, it was found that the optimum pH from 6-8
using more coagulant doses from 90-110mg/L at low dye concentration to obtain a good removal of color
higher doses of coagulants required. The efficiency of color removal increased with increasing coagulant
dose. Small doses of 50mg/L have been effective to remove most of the color (90%) of direct dye.

Key words: Azo Dyes, Wastewater Treatment, Coagulation.

INTRODUCTION   
 

Dyeing and finishing operations produce large
quantities of wastewater that contains organic dyestuff,
surfactants, chelating agents, and other contaminants
that can be characterized as high level of total organic
content and color [3,2,8,17]. Synthetic dyes are used
extensively by several industries, mainly in textile
dyeing process. It is estimated that up to 15% of the
dye is lost during this operation and disposed out in the
textile effluents with a remarkable spent of water [7,17].
Thus, the treatment of the effluent containing these
compounds is important for the protection of natural
waters. The impact and toxicity of these pollutants in
the environment have been extensively studied [14,20,25].
Different technological systems such as physical
adsorption [19], biodegradation [16,15,22], biological methods
cannot be applied to most textile wastewaters due to
toxicity of most commercial dyes to the organisms used
in the process [4,21,18,23,1], chemical methods( chlorination,
ozonation [12] and photocatalytic degradation [10,24,11] for
the removal of azo dyes have been recently developed.

However, coagulation is a complex phenomenon
involving different interrelated parameters, for this
reason, the empirical work is so critical in defining how

well coagulant will function under given conditions. To
conduct and evaluate empirical work, it is necessary to
consider only the most critical controlling parameters.
Several authors have consider the most important
parameters to be considered in coagulation are pH and
the concentration of the applied metal ion (coagulant)
such as alum [5], FeCl3 [12], lime [9,13] and ferrous sulfate
[9] and organic polymeric coagulants [13], were used.
Thus in this research, pH and applied metal
concentration were the major parameters considered.
Surface area, which is another parameter, was
controlled by ensuring that the initial absorbency of the
solution used in the jar test does not exceed 1.999, a
level common in H2O treatment practice.

Absorbency measurements represent a convenient
experimental procedure of the determination of the
stability of the colloidal suspension. 

MATERIALS AND METHODS

Different concentration of each dye were prepared;
20, 40, 70, and 90 mg/L. Each was buffered with 0.2
molar KH2PO4 and FeCl3 or potash alum coagulants
which were added in concentration of 10, 30, 50, 70,
90, and 110 mg/L into each solution. The pH of each
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solution (which is 1000 ml in volume was varied to be
4, 6, 8 and 10). Effectiveness of chemical coagulation
of H2O or wastewater have been experimentally
evaluated in the laboratory by using the jar testing
device, which consists of six paddles capable of
variable speed operation between zero and 100 r.p.m. In
making tests, one liter of wastewater is placed in each
of six beakers, and is dosed with different amounts of
coagulants. The beakers are mixed at a preliminary
speed of 60 to 80 r.p.m. for one minute after adding the
coagulant solution and then are stirred at a speed of 30
r.p.m. for 15 minutes. After stopping the stirrer the
samples are allowed to settle under quiescent
conditions. The nature and settling characteristics of the
floc are observed and are recorded in qualitative terms,
as poor, fair, good, or excellent. A hazy sample
indicates poor coagulation, while proper coagulated
water contains flocs that are well formed with the liquid
clear between particles. The lowest dosage that provides
good turbidity removal during a jar test is considered as
the first trial dosage in plant operation.

After each run siphons are used to draw off
samples from the same depth in each beaker for
chemical testing, the solution was filtered and the
absorbance of the filtrate was determined by absorbency
measurement after the settling period by
spectrophotometer analysis, all these experiments were
carried out at room temperature.

The dyestuffs which were used are products of
Dyestuffs and Chemical Company (ESMA Dye of
Egypt). Both of them are water soluble. The chemical
structures of the dyes are:

Reactive Violet SH-2R (C.I. Reactive Violet 2)
[R= C6H5O and NH2 (mixture)]

On dissolving in water, it gives reddish violet
color. It is applied in dyeing of cellulose, nylon, silk
and wool

Direct pink 3B (C.I. Direct Red 31)

For dyeing cotton, viscose, rayon, wool, natural
silk, polyamide fibers and unions of cellulose with
wool.Also for direct print styles on cellulose.

For each dye the wave length of the maximum
absorbance (λmax) and the calibration curves at λmax
of each dye and for wastewater sample was determined.
The absorbance curve was carried out at different
concentrations (5-40 mg/L).

For each dye the following variables were studied:
initial dye concentration, type and coagulant
concentration, pH value of the dye solution, while the
temperature was kept constant (room temperature) and
the volume was one liter in the jar testing.

RESULTS AND DISCUSSION

Fig (1) Records the electronic absorption spectra of
40 mg/L of Reactive Violet, Direct Pink dyes in the
wave length range 400 to 620 nm. The maximum
absorbance (λmax) of Reactive Violet and Direct Pink
dyes 550 and 520 nm respectively, 330 for waste
sample.

The validity of Beer’s low (Vogel, 1961) is
assigned:

A = ε C t (Beers’s Low)

C: molar concentration of dye solution, in g mole/L
t: thickness of absorbing medium in centimeters
ε : molecular extinction coefficient
A: absorbance

From Fig (2), It was found that the molecular
extinction (7920) and (8320) for Direct Pink and
Reactive Violet respectively.

Figures 3-10 represent the effect of both coagulant
used in doses from 10 to 110 ppm., the % color
reduction for different concentration of direct dye at pH.
While figures 11 – 18 represent the effect of both
coagulant used in doses from 10 -110 mg/L, the %
reduction of color for different reactive dye
concentration at different pH.

In case of direct dye, it was found that, the
removal of color was 90% at low dye concentration 20
ppm with 50 mg/L coagulant addition at different pH,
but the color reduction was the same results using 70
ppm FeCl3 coagulant.

Increasing the coagulant dose has a remarkable
increase in % of color removal at different pH.

Increasing the dye concentration decrease the % of
color reduction at the same coagulant dose (e.g. 50
ppm) for acidic medium has better effect on the % of
color removal rather than the alkaline medium in case
of alum coagulant.

For low dye concentration alum was preferred, but
for high dye concentration FeCl3 was more efficient
(70- 90) at the same pH, but in alkaline medium, alum
was more efficient.
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In case of reactive dye, on the other hand, the % of
color removal needs a remarkable increase in coagulant
dose rather than that of direct dye using alum as
coagulant. The tests showed that there is no remarkable
change in % of removal using alum or FeCl3 as
coagulants at different pH at low dye concentration 20
mg/L. However at 40-70 mg/L there was an increasing
in % removal using FeCl3 instead of alum for acidic
medium. There was a remarkable decrease in color
removal for high dye concentration 90 mg/L using
FeCl3.

It is worth that for direct dye, it was revealed from
the present experiment, low concentration of the dye,
and low pH (4), FeCl3 as coagulant is better and
cheaper than using alum, for high concentration of dye,
and low pH (6), alum is better ( 89% at coagulant dose
50 ppm).

Both coagulants give good removal of color at
acidic medium, while at alkaline medium they have a
little effect on color removal and need higher doses of
coagulants which are not economic.

For reactive dye on the other hand: at low
concentration of dye, to obtain a good removal of color
higher doses of coagulant required.

At higher concentration, chemical coagulation is not
an effective process for color removal because it needs
higher doses of coagulants to obtain acceptable results.
At low doses of both coagulants we obtain very small
suspended particles and at high doses of both
coagulants bigger suspended particles were settled
rapidly.  

  

Fig. 1: Absorbance curves for Reactive Violet and Direct Pink at 40mg/L

Fig. 2: Calebration Curves for Reactive Violet and Direct Pink at their λmax
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Fig, 3,4,5,6: Effect of Different Coagulants Doses (Alum) on % of Color Reduction at Different Dye (Direct)
Concentrations (20, 40, 70 and 90 p.p.m.) at Room Temperature
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Fig. 7,8,9,10: Effect of Different Coagulants Doses ( FeCl ) on % of Color Reduction at Different Dye (Direct)
Concentrations (20, 40, 70 and 90 p.p.m.) at Room Temperature
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Fig. 11,12,13,14: Effect of Different Coagulants Doses (Alum) on % of Color Reduction at Different Dye
(Reactive) Concentrations (20, 40, 70 and 90 p.p.m.) at Room Temperature
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Fig. 15,16,17,18: Effect of Different Coagulants Doses (Alum) on % of Color Reduction at Different Dye
(Reactive) Concentrations (20, 40, 70 and 90 p.p.m.) at Room Temperature

Conclusion: Different dyes have different respond
toward the same coagulant and vice versa. It is
recommended that, industrial wastewater should be
treated before discharge to the sea or river (aquatic
area), with suitable methods according to the type

and effect of pollutants in marine environment.
Methods may be physical, chemical or biological.
The performance of color removal by chemical
coagulation  depends on the characteristic of both
dyes  and  coagulants.  Reactive  dyes,  which  are 
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characterized by azo bonds (N=N) and have high
solubility, they are not prove to be adsorbed by Irion
hydroxide particles. [6].

FeCl3, alum are used to remove color from
wastewater by coagulation, we have good treatment
for azo direct dye, at low pH and low dye
concentration, FeCl3 is better, but at high dye
concentration alum is better.

From the obtained data in the present study, it
can be concluded that alum and ferric chloride
coagulants can be used effectively to coagulate azo
direct waste as a means of pollution control, but with
some limitation for azo reactive dye. Small doses of
coagulants (50 mg/L) have been found effective to
remove most of the color.       
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