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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL ARTICLE 
 Introduction: Since some dyes and their metabolites have toxicity and 

carcinogenicity potential, and are dangerous to the health of different living 

creatures, discharge of untreated wastewaters containing large concentrations 

of dye compounds into water resources is one of the important environmental 

problems. Therefore, in this research, the efficiency of chemical coagulation 

process was investigated using ferric chloride coagulant to remove Direct Red 

23 dye from colored wastewater. 

Materials and Methods: In the experiments, a Jartest device was used and the 

effect of different parameters including the dose of the coagulant (20-200 

mg/L), pH (3-10), and initial concentration of the dye (25-200 mg/L) on the 

efficiency of chemical coagulation process for removal of the dye was 

examined. Further, the final pH of the wastewater was investigated and the 

optimal conditions were determined. 

Results: The results indicated that the optimal dose of ferric chloride coagulant 

for Direct Red 23 dye removal of 97.7% is 40 mg/L at the optimal pH of 7. 

With increase in the dose of the coagulant, the dye removal efficiency 

increased, while the final pH of the wastewater decreased. Under constant 

conditions, with increase in the dye concentration, the dye removal efficiency 

diminished.  

Conclusion: Chemical coagulation by ferric chloride is a very effective and 

fast method for removal of direct dye from colored wastewater. 
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Introduction 

Textile industries produce large amounts of 

colored wastewater due to the consumption of 

large amounts of dye chemical compounds and 

high quality water 
1
. Since some dyes and their 

metabolites are mutagenic, carcinogenic and 

potentially dangerous to the health of living 

creatures, the discharge of wastewaters with a high 

concentration of dye compounds into the 

environment is considered as one of the important 

environmental problems 
2
. 

Due to the low biodegradability of dye 

compounds, physicochemical methods including 

coagulation and flocculation, electrochemical 
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treatment 
3
, adsorption, oxidation, advanced 

oxidation, photo catalysis, and membrane methods 

are usually used to treat colored wastewaters 
4
. 

Among the mentioned methods, coagulation is 

the most widely used technique with a high 

efficiency for treatment of colored wastewaters, 

especially wastewaters containing soluble dyes 
5
. 

In the chemical coagulation method, coagulants 

based on iron or aluminum salts 
6
 such as alum, 

ferric chloride and ferric sulfate are usually used 

for the removal of contaminants from water and 

wastewater. 

In recent years, various studies were conducted 

on usage of coagulation and flocculation process 

for the removal of contaminants including dye 
7
, 

organic compounds 
8
 and turbidity 

9
 from 

wastewater, with results suggesting suitable 

efficiency of the coagulation method in the 

removal of the contaminants. 

Direct dyes are a group of anion dyes which are 

completely water-soluble 
10

. Direct Red 23 dye, 

which is used in textile industries for dying flax 

fiber, is a carcinogenic dye, and conventional 

treatment methods (e.g. biological methods) are not 

able to remove it effectively from wastewater 
11

. 

According to the studies, so far, no research has 

been conducted on usage of chemical coagulation 

method using ferric chloride to remove the above 

mentioned dye from the wastewater of textile 

industries.  

Therefore, in this study, the efficiency of 

chemical coagulation method by ferric chloride 

coagulant for the removal of Direct Red 23 dye 

from colored wastewater was investigated. Further, 

the effect of parameters including the coagulant 

dose, initial pH of the wastewater and initial 

concentration of the dye on the efficiency of 

chemical coagulation process was examined, 

followed by investigation of the final pH and 

determination of the optimal conditions. 

Materials and Methods 

This study is an experimental research at the 

laboratory scale. In this research, to synthesize a 

synthetic wastewater, Direct Red 23 dye (Ciba 

Co.) was used. This dye has the chemical formula, 

C35H25N7Na2O10S2 and a molecular weight of 813.7 

g/mol. Figure 1 shows the chemical structure of the 

dye. Ferric chloride (FeCl3.6H2O), sodium 

hydroxide (NaOH) and hydrogen chloride (HCl) 

were purchased from Merck Co., Germany. The 

stock solution, 2% of ferric chloride, was prepared 

by adding 2 g of the coagulant to 100 ml of 

distilled water. HCl and NaOH 0.1 M were used to 

adjust the wastewater pH. Jartest device was used 

to perform the coagulation experiments. For this 

purpose, first, every 1-L container was filled with 

500 ml of synthetic wastewater containing a 

certain concentration of the dye. Next, a certain 

dose of the coagulant was added to each container 

using a pipette and the mixture was stirred for 2 

min at 100 rpm (rapid stirring), and then the rate of 

the stirrer was reduced to 40 rpm (slow stirring), 

with this stage lasting for 20 min. Following the 

slow stirring, the formed flocs were allowed 90 

min to precipitate and eventually, samples were 

taken from the surface of the supernatant and the 

concentration of the residual dye was analyzed. 

Each experiment was triplicated and the mean 

value of the results was presented. The dye 

concentration was determined by measuring the 

maximum absorption wavelength of the dye 

(wavelength of 505 nm) using spectrophotometer 

DR 5000. The dye removal percentage was 

determined by Equation 1: 

η = [(C0 – C)/C0] × 100                                   (1) 

Where, η is the dye removal efficiency (%); C0 

and C represent the concentration of the dye 

(mg/L) before and after the chemical coagulation 

process, respectively. 
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Figure 1: The chemical structure of the Direct Red 23 dye 

 

Results 

The effect of coagulant dose on the dye 

removal efficiency and the final pH of wastewater 

The effect of the dose of ferric chloride 

coagulant on the dye removal efficiency and the 

final pH of wastewater is shown in figure 2; This 

figure indicates that with increase in the dose of 

the coagulant, the dye removal efficiency 

increased, while the final pH of the wastewater 

diminished. Figure 3 shows the image of the dye 

solution before and after the coagulation process. 

 

 

 
Figure 2: The effect of coagulant dose on the dye removal efficiency and the  

final pH of wastewater (dye concentration: 50 mg/L, pH 7). 

 

 

Figure 3: The image of dye solution before and after the coagulation  

(dye concentration: 50 mg/L, ferric chloride dose: 40 mg/L, pH 7) 
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    The effect of the initial pH of the wastewater 

on the dye removal efficiency and the final pH of 

wastewater 

pH plays a very important role in the 

performance of chemical coagulation process for 

removal of contaminants from aqueous 

environments. Figure 4 shows the effect of the 

initial pH of the wastewater on the dye removal 

efficiency and final pH of the wastewater. As 

shown in the figure, considering ferric chloride 

with the optimal dose of 40 mg/L, the lowest dye 

removal efficiency was obtained at pH of 3 and 10, 

while the maximum removal efficiency was 

achieved at pH 7. 

 

 
Figure 4: The effect of the initial pH of wastewater on the dye removal efficiency and the  

final pH of wastewater (dye concentration: 50 mg/L, ferric chloride dose: 40 mg/L). 

 

The effect of the initial concentration of the 

dye on the dye removal efficiency 

In order to determine the effect of the initial dye 

concentration on the dye removal efficiency during 

the chemical coagulation process under optimal 

conditions (pH 7, ferric chloride dose: 40 mg/L), four 

initial concentrations (25, 50, 100, and 200 mg/L) of 

dye were chosen. The results in figure 5 show that 

when the dye concentration increased from 25 to 200 

mg/L, the dye removal efficiency reduced from 98.38 

to 34%. The results in figure 5 suggest that even with 

increase in the dye concentration, the dye removal 

efficiency diminished and the quantity (milligram) of 

the removed dye increased per every milligram of the 

coagulant. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: (a) The effect of the initial dye concentration on the dye removal efficiency,  

(b) mg of the removed dye per milligram of the coagulant (ferric chloride dose: 40 mg/L, pH 7).  

(b) 
(a) 
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Discussion 

The effect of coagulant dose on the dye 

removal efficiency and the final pH of wastewater 

Figure 2 indicates that with increase in the 

coagulant dose from 20 to 200 mg/L, the dye 

removal efficiency increased from 50 to 99.13%. A 

similar trend has been reported by Merzouk et al. 

for the removal of disperse red dye from colored 

wastewater 
12

. Considering the high efficiency of 

97.7% for the dye removal at the dose of 40 mg/L 

for ferric chloride, and considering the economic 

aspect in production of less sludge at lower doses 

of the coagulant, this dose was chosen as the 

optimal dose of ferric chloride. When ferric 

chloride coagulant (with the dose of 40 mg/L) was 

used, the final pH of wastewater reduced from 7 to 

3.5. This reduction in pH can be due to the fact that 

when ferric chloride is added to wastewater, it is 

first hydrolyzed, thereby producing Fe
3+

 and Cl
-
 

ions. Then, Fe
3+

 ions react with the alkaline agents 

present in the wastewater, thereby producing 

insoluble sediment of Fe(OH)3. In response to 

consumption of the hydroxide ions in the 

environment, alkalinity diminishes, and in turn, the 

pH of the wastewater also drops. As shown in 

figure 3, the addition of ferric chloride coagulant 

resulted in coagulation of the dye molecules. The 

observations suggested that the flocs produced by 

ferric chloride were heavy, and their sedimentation 

rate was high, though they were fragile. 

The effect of initial pH on the dye removal 

efficiency and the final pH of wastewater 

The lower efficiency of dye removal at high pHs 

(Figure 4) can be associated with the formation of 

a soluble hydroxide genera of Fe(OH)4
-  13

, with 

these soluble hydroxide genera being unable to 

form flocs and entrap dye molecules, which in turn 

results in diminished dye removal efficiency.  

When using ferric chloride at neutral pH, the 

dominant mechanism of dye removal is adsorption, 

neutralization of the negative charge of dye 

molecules, and entrapment of contaminant 

particles in the Fe(OH)3 hydroxide sediments 

produced. The low dye removal efficiency at pH 3 

can be due to the fact that, although at low pH, 

absorption and charge neutralization mechanism 

can cause neutralization of negative charge of the 

dye molecules, considering the low optimal dose of 

ferric chloride, the extent of formation of flocs and 

the size of formed flocs are not large enough. This 

in turn leads to diminished dye removal efficiency. 

It is noteworthy that when the concentration of 

materials to be coagulated is low in an aqueous 

environment, a coagulant is used at high doses; 

coagulant materials can act as a kernel for 

formation of large and sedimentable flocs, thereby 

causing effective removal of the contaminant. As 

shown in figure 4, even at high initial pH of the 

wastewater, the addition of ferric chloride resulted 

in the consumption of alkalinity and pH reduced to 

below 5. According to Iranian Environmental 

Protection Agency Standards, the allowable pH for 

discharge of wastewater to surface waters ranges 

between 6.5 and 8.5, before discharge of 

wastewater (which has been treated by ferric 

chloride) into water resources, modification of pH 

is essential. 

The effect of initial dye concentration on dye 

removal efficiency 

The diminished dye removal efficiency with 

increase in the initial dye concentration, can be 

attributed to the dye removal mechanism during 

the chemical coagulation process. The most 

important mechanisms for dye removal during 

chemical coagulation by ferric chloride are 

absorption and neutralization of the dye molecules 

(Fe
3+

 ions produced during ferric chloride 

hydrolysis process, which is able to neutralize the 

negative charge of dye molecules), as well as 

entrapment of the contaminant particles in the iron 

hydroxide sediments produced during the 

coagulation process 
14

. A constant dose of a 

coagulant is able to neutralize a certain amount of 

dye molecules. Therefore, at a constant dose of the 

coagulant, with increase in the initial concentration 

of the dye, the amount of the coagulant present for 

neutralization of the charge of all dye molecules is 

not large enough, and the removal efficiency 

decreases. On the other hand, with increase in the 

initial concentration of the dye and the constant 
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dose of the coagulant, the chance of entrapment of 

dye molecules in the formed flocs increases. As a 

result, the quantity (milligram) of dye removed per 

every milligram of the coagulant increases. 

Conclusion 

Chemical coagulation process by ferric chloride 

coagulant can remove Direct Red 23 dye by as 

much as 97.7% under optimal conditions of pH 7, 

ferric chloride dose 40 mg/L. The results of the 

experiments indicated that the dye removal 

efficiency is in direct relationship with the 

coagulant dose, while it has an inverse relationship 

with the initial dye concentration. Furthermore, 

with increase in the wastewater pH (from 7 to 10), 

the dye removal efficiency drops. The results 

suggest that the usage of ferric chloride results in a 

dramatic decrease in wastewater pH. Therefore, 

before discharging wastewater treated with ferric 

chloride into the environment, the final pH should 

be modified in order to achieve wastewater 

discharge standards. Overall, the results of this 

research indicated that chemical coagulation 

treatment method using ferric chloride is effective 

and fast methods for removing direct dye from 

colored wastewater. 
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