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ABSTRACT 
In industrial wastewater, the advanced treatment of color removal such as chemical coagulation 
may be used as pretreatment in order to enhance the biodegradability of wastewater during the 
biological treatments.  Chemically enhanced wastewater treatment is attracting substantial 
interest among the currently employed chemical unit processes in wastewater treatment. 
Coagulation-flocculation has received considerable attention for yielding high pollutant removal, 
especially color removal. This investigation presents a novel formulation of coagulation-
flocculation for color removal of a metal fabrication industrial wastewater and illustrates its 
efficiency. The results show that the novel formulation can remove color content from 
wastewater efficiently. The treated waste water removed color by flocculation / coagulation 
treatment by using Alum as coagulant. The present study was performed using jar test apparatus 
with Alum  as coagulant. Alum  was used  to increase the size of flocs at various pH values and 
at various chemical doses. After the process, the residual color, as well as pH of water were 
measured. The results showed a significant increase in color removal to the extent of about 99% 
at an optimum alkaline  pH of 8.0 and at a optimum dosage of 450mg/l. 
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INTRODUCTION 

Rapid urbanization and industrialization 
leading to the severe problems in collection, 
treatment and disposal of effluents. The 
important natural resource i.e water is being 
contaminated by various anthropogenic 
activities. The untreated industrial wastewater 
discharged into the environment causes the 
contamination of soil, water and air.1, 2 This 
ultimately affects the environment adversely. 
Due to lack of awareness, knowledge and 
financial support most of the industries 
discharge their wastewater without adequate 
treatment which causes the environmental 
degradation. In developing countries like India, 
environmental pollution is of major concern. 
Most of the industrial effluents contain color as 
a contaminant.  The discharge of untreated 
wastewaters from industries such as painting, 
textile, dyeing operations, may contribute color 
to the receiving waters. The discharge             
of  colored  effluents  into water bodies or onto  

land, is an indicator of pollution. Recent reports 
suggest that several color-causing substances are 
micro- toxic to aquatic biota.3 The discharge of 
strongly colored wastewater from dyeing 
operations not only has adverse aesthetic effects, 
but such discharges can be carcinogenic, 
mutagenic and generally detrimental to our 
environment.4-7 Hence, it is necessary to treat the 
industrial effluents to reduce the concentration of 
color prior to its release into the environment. 
Coagulation-flocculation is a commonly used 
physico-chemical method in the treatment of 
metal bearing industrial wastewater because it 
removes colloidal particles, some soluble 
compounds and very fine solid suspensions 
initially present in the wastewater by 
destabilization and formation of flocs.8 
Coagulation-flocculation is widely used for 
wastewater treatment. This treatment is efficient 
to operate. It has many factors that can influence 
the efficiency, such as the type and dosage of 
coagulant/flocculants, pH, mixing speed and 
time  and  retention  time.   The   optimization  of  *Author for correspondence 
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these factors may influence the process 
efficiency.9 Coagulation - flocculation is 
destabilizing the colloidal suspension of the 
particles with coagulants and then causing the 
particles to agglomerate with flocculants. After 
that, it will accelerate separation and thereby 
clarifying the effluents.10 It was suggested that, 
we can use locally available natural coagulant 
(tamarind seed powder) to treat the low turbid 
wastewater which is cost effective and 
environment friendly11 by using coagulation 
method. If destabilization is induced through 
charge neutralization by addition of inorganic 
chemicals, the process is called coagulation. On 
the other hand, the process of forming larger 
agglomerates of particles in suspension or of 
small agglomerates already formed as a result of 
coagulation through high molecular weight 
polymeric materials is called flocculation. The 
efficiency of the coagulation-flocculation method 
depends on the raw wastewater characteristics, 
pH and temperature of the solution, the type and 
dosage of coagulants, and the intensity and 
duration of mixing.12,13 In the present 
investigation, Alum was selected as a chemical 
coagulant for the decolorization of the industrial 
wastewater. The waste water samples were 
collected from the degreasing cum water rinse 
unit of a metal fabrication industry. To  improve 
the   paint   performance   on the surface of the 
steel components, the application of phosphate  

coating normally comprises of seven 
successive operations (by using seven tanks) 
i.e degreasing, water rinsing, derusting or 
pickling, water rinsing, phosphating, water 
rinsing, passivation or chromic acid rinsing.  

AIMS AND OBJECTIVES 
To remove the color from the degreasing unit 
effluents of a metal fabrication industry. 

MATERIAL AND METHODS 
All glassware used in the present study was 
Pyrex quality manufactured by Borosil works 
limited, Bombay and marketed under the brand 
name ‘corning’. The glassware cleaned with 
nitric acid and rinsed with water before use. 
Water used in all experiments was laboratory 
distilled water, redistilled using a glass 
distillation still.  Instruments used for present 
work are, Spectrochem MK-II Spectro- 
photometer, pH was measured using  pH meter 
(Systronic, model 324),  μpH system 361 from 
systronics industries, electronic Balance 
(Mettler, AJ 1000, Accuracy 0.1 mg). The 
chemical solutions, Sulphuric acid (0.1N) and 
Sodium hydroxide (0.1 N) were used for 
adjusting the pH values of effluent to assess 
the effect of pH on color removal. All the 
chemicals used for chemical treatment are of 
analytical grade and the characteristics of 
coagulant (alum) are presented in Table 1. 

Table 1 : Characteristics of coagulant 

Name of coagulant Chemical formula Assay Impurities 

Alum Al2(SO4)3.16H2O 98.0% 
Insoluble matter, chlorine, 
ammonia, iron, heavy metals, 
potassium and sodium 

Experimental methodology 
The experiments were carried out by using a 
conventional jar test apparatus. Jar test is the 
most widely used experimental methods for 
coagulation-flocculation. A conventional jar test 
apparatus was used in the experiments to 
coagulate sample of colored water using alum as 
a chemical coagulant Jar test apparatus consists 
of a series of six beakers (each beaker- 1 litre 
capacity) together with six-spindle steel paddles. 
The samples were mixed homogenously in all 
beakers   before   starting  the  batch experiments. 
Color removals  corresponding  to  various  doses  

of chemicals ranging from 100 to 1000mg/l were 
measured and the least dose producing maximum 
removal was designated as optimum chemical 
dose. The batch experiments were conducted at 
varying chemical doses to determine the 
optimum range of chemical requirement. Then 
employing 75% of the optimum dose, study was 
conducted at different pH conditions and 
optimum pH was evaluated. Further, optimum 
coagulant dose at optimum system pH was 
determined by adding varying doses of coagulant 
to industrial wastewater maintained at 
corresponding pH level. The jar test process 
consists of three steps which is the first rapid 
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mixing stage. Second step is slow mixing, the 
suspension is slowly stirred to increase contact 
between coagulating particles and to facilitate the 
development of large flocs. After that, the third 
step is settling stage, mixing is terminated and 
the flocs are allowed to settle.14,15 Colour 
concentration in the present work was analyzed 
using spectrophotometer according to the 
procedure outlined in the standard methods for 
examination of water and waste water.16-18 A 
standard curve was prepared for the effluent to 
facilitate rapid determination of color concen-
tration and was used.  

RESULTS AND DISCUSSION 
Results of variation in color removal to chemical 
treatment  with alum at various pH conditions are  

presented in Fig. 1. Alum exhibited 
significant variation in color removal at 
different pH values. Low removal was 
observed at pH values beyond 8.0. System pH 
of 8.0 produced higher color removal of 95%, 
and adopted as optimum pH. Variation in 
color removal to treatment with alum at pH of 
8.0 is depicted in Fig. 2. It may be noticed 
from the figure that a progressive increase in 
the dose of alum resulted in rapid increase in 
color removal upto dose of 200mg/l, gradual 
increase beyond and upto 450mg/l and 
thereafter fairly remained constant. Experi-
ments at optimum pH (8.0) conditions 
resulted in an increase (4%) of color removal 
from 95% to 99% as shown in Table 2.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1 : Variation in color removal to chemical treatment with alum at different pH 
conditions of industrial waste water 

  
 
 
 
 
 
 

 
 
 
 
 

 

Fig. 2 : Variation in color removal to chemical treatment with alum at optimum system 
pH of industrial waste water 
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Table 2 : Final results of industrial waste water after treatment with alum 

Name of  coagulant Optimum dose of 
coagulant (mg/l) 

Optimum 
pH 

Maximum removal  of color from 
industrial waste water 

Alum 450 8.0 99% 

CONCLUSION 
Thus the experimental study clearly 
demonstrated that the color was removed 
successfully by chemical treatment with alum. 
An attempt has been made in the present 
investigation to treat the industrial waste water 
by using alum as coagulant. It was observed 
that alum exhibited significant variation in 
color removal at different pH values.  The 
present study clearly indicates that at optimum 
pH conditions, there is remarkable reduction in 
the chemical dose requirements. The results 
showed a significant increase in color removal 
of upto 99% at an optimum alkaline pH of 8.0 
and at an optimum chemical dosage of    
450mg/l. Experiments conducted for color 
removal revealed that the waste water is 
amenable for its color removal by chemical 
treatment with alum by coagulation and 
flocculation method. 
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