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ABSTRACT 
Now a day treatment of wastewater which comes from different sources including industries 
creates major problems as it includes dye, metals and other harmful materials which cause 
environment problem as well as harmful effect on human health. Coagulation/flocculation is one 
of the major treatment process used by the industries for solid-liquid separation. Different 
coagulating and flocculating materials are used for separation. Hybrid materials are the materials 
which are composed of two compounds in one polymeric structure. Due to its unique nature and 
superior properties it as gain increases attention over inorganic coagulant and organic flocculant. 
The paper include various preparation method as well as application of hybrid materials under 
different condition like concentration, optimum dosage, pH, settling time for the 
coagulation/flocculation process for treatment of wastewater.  
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INTRODUCTION 
Coagulation/flocculation is one of the 
important unit operations for the solid-liquid 
separation in wastewater and sludge 
dewatering for various industries like pulp, 
paper, dyes, beverages and so                  
forth.1-3 Coagulation refers to the process by 
which inter particles repulsion force is 
reducing by increasing it ionic strength3. By 
adding various inorganic salts such as 
aluminum and iron based will neutralize the 
surface charge of suspended and colloidal 
materials and thus forces to aggregates the 
particles by gravity settling.4,5 Flocculation 
process involves the addition of flocs forming 
materials usually polymers added after 
coagulation to agglomerate the non settable 
and slowly settable particles by forming 
bridged mechanism between the particles to 
form large flocs which can be settle down 
easily5-7.  
Hybrid materials are materials used for 
coagulation/flocculation obtained by addition 
of two effective components for increasing it 
aggregating power.8,9 Addition of the 

functional materials at it initial stage will 
increase the aggregating power. Compared to 
the conventional coagulant/flocculant, hybrid 
materials, which have combined effect in one 
material, will be good option for the 
wastewater treatment, as whole process would 
be conducted in one tank and with addition of 
one chemical over the conventional    
process.10-12 Thus with the help of hybrid 
materials which reduce the coast and the time 
would be convenient for the industries which 
are discharging large volume of wastewater.  
Classification of hybrid materials depends on 
primary three groups. First are structurally-
hybridized materials which designed based on 
mixing of material at microscopic             
level.13 Second are chemically-bound-
hybridized materials designed Based on atom or 
molecule at molecular level. Third are 
functionally-hybridized materials designed 
based on the combination of structurally and 
chemically-bound hybridized materials. Hybrid 
material also can be classified as inorganic, 
organic, natural polymer and biopolymer14.  
There are various methods which are used for 
preparation of hybrid materials. Depending 
upon the types of hybrid materials this method *Author for correspondence 
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is classified. Hydroxylation-prepolymerization, 
physical blending, elevated temperature 
blending, copolymerization and chemical 
grafting15. Generally structurally-hybridized 
materials are prepared using physical blending 
or elevated temperature blending, chemically-
bound hybridized materials are prepared using 
copolymerization or chemical grafting and 
functionally-hybridized materials are prepared 
using combination of above mentioned any 
preparation method which direct change the 
functional group of the original component16-19. 

MATERIAL AND METHODS 
Materials and reagent 
Reactive black-5 (RB-5) was obtained from 
piyush chemicals and used without any further 
purification. The wave length of reactive 
black-5 was 599 nm.  Ferric chloride (>99.5% 
purity), acrylamide (>98% purity) was 
obtained from piyush chemicals. Ammonium 
persulphate and sodium bisulphate were used 
as redox initiator was obtained from piyush 
chemicals. Nitrogen is used for the purging is 
obtained from tapan oxygen. Distilled water is 
used throughout the experiment prepared at 
laboratory.20-23 
Hybrid materials synthesis 
A 500 ml three necked reaction flask equipped 
with  thermostatic  water  bath,  condenser  and  

rubber spectrum is used to set-up 
polymerization reaction. The temperature of 
thermostatic water bath is maintained at 50o C. 
A specific amount of acrylamide solution is 
introduced in the reaction flask. Nitrogen is 
purged into the reaction flask to deoxygenate 
for certain time before polymerization take 
place. Ammonium persulfate and sodium 
bisulphate were added into flask as redox 
initiator for polymerization reaction. The 
polymerization took place for 2 hour. After 
that equimolar amount of ferric chloride is 
added into the flask. The mixture is then 
blended for about 4-5 hour under nitrogen 
atmosphere. The final product is in gel form 
which is then precipitate with acetone to 
remove unwanted materials and then it is dried 
in oven to form solid form.24-26 
Experimental procedure 
As shown in Fig. 1, experiment of flocculation 
and coagulation were done out using the jar 
test equipment consisting six paddles agitator 
with each paddles having diameter of 7.5 cm. 
500 ml beaker are used throughout the 
experiment as shown in the figure. The 
experiments were carried out with different 
dosage of coagulant, different dosage of 
flocculants, concentration of dye, pH, 
temperature, agitation time, sedimentation time 
for Reactive Black 5 dye.  

 
Fig. 1 : Jar test apparatus with six paddles 
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For all experiments conducted first the dye 
solution is prepared for 100 ppm, 150 ppm, 200 
ppm and 250 ppm. Then the different amount of 
coagulant dosage is added into each beaker and 
agitation is given at 200 rpm for 10 min after that 
flocculant is added into beaker in different 
amount and agitation is given at 60 rpm for the 
flocs growth for 20 min and then the 30 min 
sedimentation time is given for allowing flocs to 
settle down. After sedimentation, samples are 
taken from 2 cm from supernatant for further 

analysis. Discolorations of the Reactive Black-5 
were detected using UV spectrophotometer. 
Filter paper is used every time for calculating 
total suspended solid.27-29  

RESULTS AND DISCUSSION 
Effect of hybrid polymer dosage (FeCl3-PAM) 
As shown in Table 1, the colour removal is 
studied by varying the hybrid polymer dosage 
for the dye solution of 100 ppm, 150 ppm, 200 
ppm and 250 ppm. 

Table 1 : Colour removal with different hybrid material dosage for RB-5 

S/N Hybrid material 
dosage (mg/l) 

% removal 

100 ppm 150 ppm 200 ppm 250 ppm 
1 100 25.63 20.49 14.23 10.76 
2 200 60.77 54.29 43.59 37.88 
3 300 86.98 80.85 74.37 60.25 
4 400 91.56 85.49 79.53 68.55 
5 500 98.49 90.23 82.02 73.24 
6 600 99.53 91.41 83.62 79.26 

Fig. 2 shows the removal of the colour for 
reactive black-5 for different dosage.     
From  the  figure,  it  is conclude that there is  

maximum removal of 99% of dye at the 
dosage of 600 mg/l after that there is 
constant reduction.  

 
Fig. 2 : Effect of dosage of FeCl3-PAM hybrid polymer on colour removal 

Further, increase the dosage of hybrid polymer 
has no effect on colour removal as at that stage 
almost of colour is removed. Fig. 3 shows the 
colour change of RB-5 dye. The removal of 
colour is mainly attributed to the formation of 
precipitates from the combination of the 
soluble organics and the coagulant.  

Effect of using alone FeCl3 
Here in this experiment there is use of alone 
coagulants is used without use of flocculant or 
coagulant aid. Here from the Fig. 4, it is clearly 
seen that alone using coagulant have effect on the 
elimination of the contaminants but not much as 
the coagulant used with the flocculant. 
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Fig. 3 : Colour removal of RB-5 for 100 ppm with hybrid materials dosage 

 
Fig. 4 : Comparison between FeCl3-PAM and FeCl3 for 100 ppm RB-5 dye 

Here the work of the coagulant is to destabilize 
the negative particle which are there in the 
form of organic matter in the wastewater with 
adding positive charge particles into the 
wastewater it will reduce the electrostatic force 
between the charge particles and thus the 
negatively particles will destabilize and will 
settle down, but as here there is no use of 
coagulant aid or flocculant so the particle 
which are destabilize they do not get 
aggregates into the large flocs which reduce 
the formation of flocs as there in the hybrid 
materials is used. 
Effect of using alone polyacrylamide 
Here as shown in the Fig. 5, it is seen that as 
the there is alone use of the flocculant there is 
no change in the contaminants in the 
wastewater. The main function of the 
polyelectrolyte is to form the aggregates the 
flocs which are develop due to action of the 
coagulant. 

Here, it is seen that as there is no addition of 
the coagulant is there the negative particle 
which are there in wastewater will not 
destabilize in it and thus they will remain 
suspended in it now by adding flocculant alone 
there is no effect on the negative particles. 
Thus, ultimately it will increase the additional 
effect on the contaminants which shows in 
graph that it increase the amount of 
concentration. 
Effects of pH 
Here removal of 100 ppm reactive black-5 dye 
wastewater by FeCl3-PAM is examined at 
various pH. By changing, pH of the solution 
with the help of 1 M H2SO4 and 1 M NaOH for 
removing maximum colour is determined.  
Fig. 6 and Fig. 7 show the % colour removal 
v/s pH change for dye solution. The dye 
solution pH is varied from 1 to 12. Here it is 
seen that maximum dye removal is obtained in 
the range of 8-9 pH. 
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Fig. 5 : Comparison between FeCl3-PAM and PAM for 100 ppm RB-5 dye 

 
Fig. 6 : Effect of pH on Coagulation/Flocculation for RB-5 

 
Fig. 7 : Flocs formation during coagulation/flocculation of RB-5 

-20

0

20

40

60

80

100

120

100 200 300 400 500 600

(%
) R

em
ov

al

Dosage (mg/l)

FC-PAM

PAM

0

20

40

60

80

100

1 3 5 8 10 12

(%
) R

em
ov

al

pH



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                    Vol. 9 No. 04, April-June 2015 

1223 
 

In this range there is maximum removal as 
there is formation of the OH- ions which 
destabilise the negative particles. Further, 
increasing the pH doesn’t have much effect on 
the removal of the dye. It is seen that 98% 
removal at the pH 8.  

CONCLUSION 
Due to its unique nature and superior 
properties of hybrid materials are more 
preferred over inorganic coagulant and organic 
flocculant. The paper discussed various 
preparation method as well as application of 
hybrid materials under different condition like 
concentration, optimum dosage, pH, settling 
time for the coagulation/flocculation process 
for treatment of wastewater.  
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