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Abstract:- Different types of chemical are used to make surface 
and underground water fit for drinking purpose. The 
characteristic of water various from one geographical location 
into another that makes the treatment process complex and 
costly. Treatment with ferric chloride has gained important in 
the last decade. The present work done with the treatment of 
industrial waste water with ferric chloride and evaluate the 
feasibility of the treatment process. All the conventional 
treatment process development are being evaluated and 
economical operation are compare with ferric chloride 
treatment. 
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INTRODUCTION 
The availability of drinking water is gradually becoming 
difficult due to the pollution of surface and underground 
water. On the earth plenty of water is available but scarcity of 
drinking water is being observed throughout the word. Nearly 
70% of the river are being polluted and not fit for drinking 
water without treatment. There are number of methods used 
for the treatment of drinking water such as chlorination 
treatment, with Alum treatment, with PAC etc. All the 
methods have got advantage and disadvantage. The 
conventional method of treatment undergoes limitation, due 
to varying seasonal condition and industrial discharge. The 
effectiveness of treatment method decrease due to this 
variation and makes the discharge on land and in river unsafe. 
One of the promising method that is gaining importance in 
the last decade in treatment chemicals the use of ferric 
chloride, one of the effective method of  removing suspended 
as well as dissolved practical from water by coagulation and 
flocculation method. The chemical formula of ferric chloride 
is FeCl3 (molecular weight 162.2 g/mole, density 2.90 g/cm3). 
Ferric chloride is produced as a solution from the oxidation 
of ferrous chloride with chlorine and it has the unusual 
distinction of being one of the purest and most concentrated 
forms of iron commercially available for water treatment. 
Ferric chloride not only functions as a reactant but remove 
water impurities and functions as both a coagulant and a 
flocculent. 
 

LITERATURE REVIEW 
 The necessity for safe drinking water is becoming more and 
more important in 21th century. Almost majority of the river 
are being polluted with different industrial and human 
activities. Therefor number of treatment methods are 
available to make the water safe for drinking purpose. Each 

and every methods has got its own limitation and benefits. 
The cost of treatment increases with the number of unit 
operations involved. More research work is carried out in this 
area to increase the effectiveness of the process and to 
identify and to evaluate other chemicals for the treatment of 
polluted water. Some of the research work carried out in this 
field are as follows:  
 
In the year (2017), Mbaeze MC et al studied comparative 
assessment of performance of aluminium sulphate (alum) and 
ferrous sulphate as coagulants in water treatment. The outline 
for the study include the following parameters: pH, total 
suspended solids, dissolved oxygen, biochemical oxygen 
demand, turbidity, chloride, fluoride, phosphate and chemical 
oxygen demand. It was observed that pH, DO, BOD, fluoride, 
phosphate and COD mean percentage reduction efficiencies 
were higher for ferrous sulphate coagulant in comparison 
with alum. 

In the year (2016), P.Mohsinkhan G et al studied comparative 
study of alum and ferric chloride for removal of turbidity 
from water. The outline for the study include removal of 
turbidity and containing colloidal particles. It was found that 
turbidity removal efficiency was within 86.7-98.9 % for alum 
and 91.8-98.32 % for ferric chloride. Turbidity removal 
efficiency was higher for ferric chloride compared to alum. 
 
In the year (2016), A.A.Aghapour et al studied nitrate 
removal from water using alum and ferric chloride: a 
comparative study of alum and ferric chloride efficiency. The 
outline for the study include efficiency in removing nitrate in 
a conventional water treatment system. It was noted that 
ferric chloride was more effective than alum removing 
nitrate. 
 
In the year (2016), M.Pirsaheb et al studied the performance 
of inorganic coagulants (poly aluminum chloride, ferrous 
sulfate, ferric chloride and aluminum sulfate) in removing the 
turbidity from aqueous solutions. The outline for the study 
include comparing the efficiency of coagulants in removing 
turbidity, color, pH etc. It was found that poly aluminum 
chloride with 5mg/l concentration is the best coagulant for 
removing turbidity (99-99.8%). 
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In the year (2016), L.Postolachi et al studied effect of 
aluminium sulphate aging on coagulation process for the prut 
river water treatment. The outline for the study include 
removal of certain contaminants, turbidity and color. It was 
found that the using of optimal aging solution of coagulant 
improves the coagulation process and decrease the color of 
the sample (river water). 
 
In the year (2016), A.Almasi et al studied evaluation of 
common coagulants and polymeric coagulant aid in the 
removal of suspended particles and colloidal turbidity of raw 
water of gavoshan dam. The outline for the study include 
turbidity removal with the help of ferric chloride, anionic 
polymer. It was found that Ferric chloride at 10 mg/l and 
anionic polymer at 1 mg /l concentration are the best 
coagulant and coagulant aid respectively with 82.61% and 
87.57% turbidity removal efficiency. 
 
In the year (2016), R.R.Ayangunna et al studied coagulation-
flocculation treatment of industrial wastewater using 
tamarind seed powder. The outline for the study include 
turbidity and COD removal. It was observed that a dose of 
400 mg/L decrease turbidity by 97.72% and COD by 39.55% 
respectively. 
 
In the year (2016), Z.Daud et al studied treatment of biodiesel 
wastewater by coagulation flocculation process using 
polyaluminium chloride and polyelectrolyte anionic. The 
outline for the study include removal of suspended solids 
(SS), colour, COD and oil and grease. It was noted that 
removal of 97%, 95%, 75% and 97% for SS, colour, COD 
and O&G respectively, were achieved at dosage value; 300 
mg/L. 
 
In the year (2015), T.Jowa et al studied treatment of low 
turbidity water using polyaluminium chloride and recycled 
sludge. The outline for the study includes pH, conductivity, 
floc quality and most importantly turbidity. It was noted that 
PAC to treat low turbidity water is more efficient than alum 
in terms of turbidity reduction. The range of efficiency was 
31.2-83% for PAC compared to 15-82% for alum. 
 
In the year (2015), N. Zouhri et al studied effectiveness of 
treatment of water surface with ferric chloride and aluminium 
sulphate. The outline for the study include pH, turbidity, color 
etc. It was noted that reduction of the turbidity is greater by 
the use of ferric chloride in comparison with alum and this at 
lower doses. Alum shows a high reduction of turbidity of 
water at acidic pH. 
 
In the year (2015), D.J.Naghan et al studied efficiency 
comparison of alum and ferric chloride coagulants in removal 
of dye and organic material from industrial wastewater. The 
outline for the study include COD, TSS and dye removal. It 
was noted that removal of COD, TSS and dye using alum 
were 36%, 19% and 68.8% while for ferric chloride were 
obtained 72%, 60% and 98% respectively. Ferric chloride has 
higher efficiency than alum. 
 

In the year (2015) Dr.L.Nageswara Rao studied coagulation 
and flocculation characteristic of industrial wastewater by 
chitosan. The outline for the study include removal of 
turbidity, color, odor, toxicity and alkalinity by the use of 
alum, ferrous sulfate, ferric chloride and ferric chloro-sulfate. 
It was found that chitosan not only reduces the COD but also 
reduces the maximum percentage of turbidity of sample i.e. 
chitosan removes maximum color. 
 
In the year (2015), Y.Gangadhar Reddy et al studied 
treatment of pharmaceutical waste water using coagulation 
method. The outline for the study include the analytical 
parameters COD, BOD, TOC, hardness and total solids (TS) 
using alum. It was found that removal rate of COD, TOC, 
BOD, TS observed to be 70%, 54%, 44%, 79 % respectively. 
Alum was found to be better for pharmaceutical wastewater 
treatment.  
 
In the year (2015), B.Abderrezzaq et al studied comparative 
study between aluminum sulfate and ferric chloride in water 
treatment: turbidity removal. The outline for the study include 
the reduction of turbidity and dissolved solids with the help 
of aluminum sulfate and ferric chloride. It was found that 
aluminum sulfate combined with ferric chloride give a good 
result for turbidity removal. 
 
In the year (2015), P.V.Pathak et al studied enhanced removal 
of turbidity in thermal power plant. The outline for the study 
include removal of turbidity with the help of alum and poly 
aluminum chloride. It was noted that the dosage of PAC 
required for river water treatment was less as compared to 
alum at all levels of turbidity. 
 
In the year (2015), T.Yarahmadi et al studied comparison of 
water turbidity removal efficiencies of descurainia sophia 
seed extract and ferric chloride. The outline for the study 
include turbidity removal, efficiency of descurainia sophia 
seed extract, compared with ferric chloride. It was noted that 
ferric chloride remove 89.75% turbidity and descurainia 
sophia remove 43.13% turbidity. 
 
In the year (2015), P.S.Dange et al upgraded conventional 
sewage treatment process by using mangifera indica. The 
outline for the study include removal of TSS, BOD and COD. 
It was observed that mangifera indica act as a natural 
coagulant to treat sewage water, the average TSS, BOD and 
COD of sewage reduces to 31.62%, 32.42% and 33.43 % 
respectively. 
 
In the year (2015), F.M.Moghaddam et al studied treatment 
of highly turbid water by polyaluminum ferric chloride 
(PAFCL). The outline for the study include removal of 
turbidity, color and natural organic matter (NOM). It was 
found that polyaluminium ferric chloride has a very good 
efficiency for the removal of turbidity, color and organic 
matter in high turbid water.  
 
In the year (2014), Ukiwe L.N. et al studied chemical and 
electrocoagulation techniques in coagulation-flocculation 
water and waste water treatment. The outline for the study 
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include pH, coagulation dose, coagulant type, current density, 
applied voltage, water and wastewater type, type of electrode. 
It was observed that Electrocoagulation has been proposed as 
an alternative method to chemical coagulation because it is 
environmental friendly and cheap to operate. 
 
In the year (2014), J.E.Amburgey et al studied coagulation-
ceramic membrane filtration for U.S. surface water treatment. 
The outline for the study include particle removal, organics 
removal, and membrane fouling. It was noted that ferric 
chloride was more effective than alum. 
 
In the year (2014), M.Fazeli et al worked on selecting the 
optimal coagulant, in turbidity removal and organic carbon of 
surface water using AHP (analytic hierarchy process). The 
outline for the study include comparing the performance of 
five coagulants including poly ferric sulfate, ferric chloride, 
alum, poly aluminum chloride, and poly aluminum ferrous 
chloride on turbidity and organic material removal. It was 
noted that PFS (poly ferric sulfate) performed best as 
coagulant from the five coagulant in terms of turbidity, color, 
COD etc. removal.  
 
In the year (2014), Oria-Usifo E.E. et al worked on the use of 
moringa oleifera seed extracts as alternative natural material 
for water purification. The outline for the study include 
removal of turbidity, bacteria, and natural organic matter, 
Comparison between coagulant chemicals and Moringa 
oleifera (MO) seed extract. It was found that Protein powder 
had the highest turbidity removal efficiency with a percentage 
turbidity removal of 92.3% followed by de-oiled powder with 
a percentage turbidity removal of 83.25% and shell blended 
powder with a percentage turbidity removal of 75.68% at 
optimal dosage. 
 
In the year (2014), N.F.Akmal et al studied wastewater 
treatment by using natural coagulant like Roselle seed. The 
parameter for the study include removal of turbidity. It was 
noted that with natural coagulant, efficiency removal of 
99.1% turbidity in wastewater as compared to the aluminium 
sulphate as commercial coagulant. 
 
In the year (2014), N.B.Prakash et al studied waste water 
treatment by coagulation and flocculation method by using 
various coagulants such as alum, ferric chloride and ferrous 
sulphate. The parameter for the study include pH, turbidity, 
color, TSS etc. It was found that Alum was found to be more 
efficient with removal 98.9% than ferric chloride and ferrous 
sulphate.  
 
In the year (2013), A.K.Vuppaladadiyam et al studied 
comparative study on coagulation process for vellore 
municipal drinking water using various coagulants like alum, 
ferric chloride and moringa oleifera seed. The outline for the 
study includes effect of pH, turbidity, total dissolved solids, 
microbial removal efficiency, and organic carbon content. It 
was noted that alum works at pH 7.5 with 45mg/l dosage and 
ferric chloride works pH 7 with 25mg/l dosage. Ferric 
chloride better removal efficiency than alum. moringa 
oleifera seed does not worked effectively as coagulant. 

In the year (2013), O.P.Sahu et al studied chemical treatment 
of industrial waste water using alum. The outline for the study 
includes pH, turbidity, colour, test, micro pollutants, odour, 
and water stabilization. It was found that Coagulation used 
ahead of gravity settling may be expected to yield suspended 
solids removals of about 90% as compared to alum about 
35% without coagulation. 
 
In the year (2013), A.Takdastan et al carried research work 
using powdered activated carbon as coagulant aid in the 
treatment of water of Koot Amir Water treatment plant. The 
parameter for the study include removal of Total Organic 
Carbon. It was noted that Poly aluminum chloride was more 
effective in TOC removal than ferric chloride. 
 
In the year (2013), Dr.A.H.Wadie studied improve 
coagulation process to control the disinfection by-products in 
water treatment plant. The outline for the study include 
comparing three coagulants (alum, ferric chloride, and ferric 
sulfate), removal of total organic carbon removal of turbidity. 
It was found that removal of turbidity were observed (86%) 
for ferric chloride, (78%) for alum, and (65%) for ferric 
sulfate, removals of total organic carbon were observed (21-
59 %) for ferric chloride, (14-50 %) for alum, and (18-48%) 
for ferric sulfate. 
 
In the year (2013), A.K.Popuri et al studied color removal 
from dye effluent by using coagulation technique using 
Alum, Ferric chloride, Aluminium chloride. The outline for 
the study include color removal using coagulation process 
with the help of three coagulant like alum, ferric chloride, 
aluminium chloride. It was noted that removal of color by 
alum were (54%), aluminium chloride (99.49%) and ferric 
chloride (69.9%) respectively. 
 
In the year (2013), N.Parmar et al studied treatability study of 
pharmaceutical wastewater by coagulation process. The 
parameter for the study include turbidity, COD, chloride, 
alkalinity, acidity,  hardness and Total solids (TS) removal 
using ferric chloride, ferrous sulphate, aluminium chloride. It 
was observed that the ferrous sulphate coagulant gives the 
good results as compared to the ferric chloride and aluminium 
chloride coagulants.  
 
In the year (2012), H.Farajnezhad et al studied coagulation 
treatment of wastewater in petroleum industry using poly 
aluminum chloride and ferric chloride. The outline for the 
study include removal of color, COD and TSS from 
petroleum wastewater. It was found that poly aluminum 
chloride gives better result as compare to ferric chloride.  
 
In the year (2012), Parde et al studied the comparative 
evaluation of surface water treatment by using different 
coagulating agent like alum and PAC. The parameter for the 
study includes alum stock solution preparation, PAC stock 
solution preparation, Turbidity test, pH test. It was noted that 
PAC (Poly Aluminum Chloride) performed well in the river 
water treatment as compared to Alum. 
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In the year (2012), P. Mehta studied treatment of textile 
effluents by coagulation-flocculation method using different 
dosing compositions. The outline for the study include 
parameters such as color, COD, Hardness, Total Dissolved 
Solids (TDS), Total Suspended Solids (TSS), and settled 
sludge volume removal with the help of different coagulants 
like Alum, Lime, Ferrous Sulphate, Ferric Chloride, and 
poly-electrolytes. It was noted that composition A (Lime 
(10% sol) + ferrous sulphate (5% sol) + polyelectrolyte (0.1% 
sol)) gives the best results of COD, TSS, hardness and TDS 
by 60% decrease, 50% decrease, 26% decrease and 32% 
increase respectively.  
 
In the year (2012), M.Z. Abideen et al worked on optimizing 
the coagulation process in a drinking water treatment plant 
comparison between traditional and statistical experimental 
design jar tests. The parameter for the study include removal 
of turbidity with use of alum and polymer coagulant. It was 
noted that polymer coagulant is more efficient than alum. 
 
In the year (2011), P. Kumar et al studied treatment of paper 
and pulp mill effluent by coagulation technique. The outline 
for the study includes removal of chemical oxygen demand 
(COD) and colour with the help of Poly aluminium chloride 
(PAC) and alum. It was found that COD and colour removal 
of 84 % and 92 % respectively were obtained using PAC as 
compared to 72 % and 84 % with alum. 
 
In the year (2011), B.Saritha et al studied the efficiency of 
ferric chloride, aluminium sulphate and their combination for 
treatment of tannery effluent. The outline for the study 
include analysis of physico-chemical parameters (BOD, 
COD). It was noted that pH=8 is optimal for better efficiency 
of alum, ferric chloride and their combination (alum+ferric 
chloride) , (alum+ferric chloride) combination is more 
effective for reduction of concentration of pollutants. 
 
In the year (2010), A. Baghvand et al studied optimizing 
coagulation process for low to high turbidity waters using 
aluminum and Iron salts. The parameter for the study include 
removal of turbidity, containing colloidal particles. It was 
observed that turbidity removal efficiency was higher for 
ferric chloride compared to aluminum sulfate at optimum 
conditions. The highest turbidity removal efficiency noted 
within 82.9-99.0% for alum and 92.9-99.4% for ferric 
chloride. 
 
In the year (2010), H.E. Karamany carried out research work 
in the treatment of industrial wastewater treatment using 
some coagulants like alum and ferric chloride. The parameter 
for the study include turbidity removal and removal of 
colloidal suspended solids. It was noted that ferric chloride is 
more efficient than alum in the removal of turbidity and 
colloidal suspended solids. 
 
In the year (2009), G.N. Bidhendi et al studied the 
performance characteristic of plantago ovata in elimination of 
water turbidity. The outline for the study include removal of 
turbidity, adjustment of pH etc. It was found that plantago 
ovata worked well in elimination of water turbidity using 

coagulation and flocculation processes. Plantago ovata 
coagulant aid can be used to reduce ferric chloride 
consumption. 
 
In the year (2009), A. Maleki et al carried out research work 
composting plant leachate treatment by coagulation-
flocculation process. The parameter for the study include 
removal of COD and removal of heavy metals with the help 
of alum and ferric chloride. It was noted that for the removal 
of COD ferric chloride is better than alum but in case of 
removal of heavy metals alum is better than ferric chloride. 
 
In the year (2009), E. Angreni studied optimization of 
conventional drinking water treatment plant. The outline for 
the study include pH, turbidity, and hardness with the help of 
alum and ferric chloride. It was observed that efficiency with 
ferric chloride (99.6%) and with alum (89.7%) were 
achieved. 
 
In the year (2008), N. D. Tzoupanos et al studied coagulation-
flocculation processes in water and wastewater treatment: the 
application of new generation of chemical reagents. The 
outline for the study include removal of inorganic and organic 
matter, removal of metals and anions, removal of pathogen 
microorganisms. It was found that coagulation reagents 
exhibits several advantages, compared to the conventional 
and simple pre polymerized coagulants. 
 
In the year (2008), A. Koohestanian et al studied the 
separation method for removing of colloidal particles from 
raw water using ferric chloride, alum. The parameter for the 
study includes pH, Turbidity, organic matters, viruses, 
colloids, bacteria and color. It was noted that Ferric chloride 
produced better results than alum. 
 
In the year (2008), G. D. Lancine et al studied coagulation 
flocculation treatment of a tropical surface water with alum. 
The parameter of the study includes influence of alum dose, 
pH adjustment, dissolved organic matter (DOM), turbidity 
and aluminum residual. Percentage removal of 70% DOM 
and 98% turbidity noted. 

In the year (2007), L. Rizzo et al studied 
coagulation/chlorination of surface water: a comparison 
between chitosan and metal salts. The outline for the study 
include removal of turbidity, natural organic matter (NOM) 
and as well as acute toxicity. It was noted that the chlorination 
step after coagulation increased toxicity too according to the 
coagulant type as follows: chitosan > ferric chloride > alum. 
 

CONCLUSION 
 The current study was to evaluate the ability of industrial 
waste water treatment processes to reduce contamination in 
waste water. Although the studied method is not a specialized 
or ideal technology for the treatment of industrial waste 
water. This study has shown that coagulation and flocculation 
is a useful method as industrial waste water treatment. Based 
on the findings, pH is effective parameters in terms of 
coagulation and flocculation process and it can be observed 
that use of ferric chloride for the removal of COD, TSS and 
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color of industrial waste water had higher efficiency than 
alum. The performance of different chemicals varies with 
industrial waste water characteristic. Therefor selection of 
treatment chemicals and its performance at acidic, neutral and 
alkaline condition are the major criteria to obtain optimum 
result using coagulation and flocculation technique.    
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