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Removal of Reactive Red Dye (Cibacron 

FN-R) from Synthetic Wastewater by Using 

Natural Substance 

Abstract-Synthetic textile wastewater was simulated by using Cibacron 

reactive red dye FN-R. Pomegranate peels were used as adsorbents to 

remove the red dye by applying a continuous fixed bed column reactor 

system having a filter with a diameter of 30mm and a length of 110mm. 

The effect of different parameters on the removal efficiency was studied; 

pH levels (2, 4, 6, 8, 10, and 12), flow rate (27, 45, and 60 ml/min), initial 

dye concentration (10, 15, 20, and 25 mg/l), and the contact time (30, 60, 

90, 120, 150, and 180 min). It was found that the optimum pH level was 

within the range of 6 to 6.5. In addition, the removal efficiency was found 

to increase with decreasing the flow rate and the initial concentration of 

dye and increasing the contact time. The maximum percentage removal of 

dye obtained was 90% at pH, flow rate, initial concentration of dye ,and 

the contact time equal to 6, 27 ml/min, 10 mg/l, and 180 min respectively.   

 Langmuir and Freundlich isotherm models were applied. The following 

equations were found for Langmuir and Freundlich respectively; 

Y=0.017X + 1.110 and Y=0.810X + 0.083. The corresponding correlation 

coefficients were 0.961 and 0.994, respectively, indicating that the 

Freundlich isotherm model being more representing to the data obtained 

in this study.  

 

Keywords- Reactive red dye, Pomegranate peels, Continuous flow reactor, 

Adsorption. 
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1. Introduction 

Water pollution is a major problem facing the 

planet earth with all of its living beings. During 

the years, the disposals of all types of wastewater 

have been discharged into rivers and surface 

waters. If not treated properly, the released 

wastewater into rivers may add undesirable 

properties to the water quality and the aquatic life 

of rivers [1]. An example of the types of 

wastewater is dye-consuming industries such as 

paper, plastics, textiles and others. The textile 

industry produces wastewater that is 

nonbiodegradable, heavily toxic and has high 

concentrations of dyes [2]. Due to the properties 

of the synthetic organic compounds of dye, 

difficulties of its treatment occurs [3]. Several 

types of organic dyes' treatments were studied, 

having the adsorption being one of the most 

common ways [4,5,6,7]. A wide variety of 

adsorbents can be used in the process of dye 

treatment by adsorption such as biomass, zeolites, 

polymers, agricultural ravage, industrial by-

products, and others [8]. Recently, organic nano-

composites were studied as adsorbents [9].  

Pomegranate trees are small in size (5 to 8m 

height); they are available at several parts of the 

world. Many parts of this tree have been used as a 

cure for diseases (seeds, leaves, flowers, fruits, 

and others) [10]. Pomegranate peels are an 

inexpensive by-product of its fruit. For that 

reason, it was used by many researchers as an 

adsorbent to remove different types of wastes 

[11,12,13,14]. 

This study is concerned in using pomegranate 

peels as an adsorbent to remove the Cibacron 

reactive Red FN-R dye throughout a continuous 

fixed bed column reactor system. Different 

parameters were observed with regard to the 

removal rate; such as initial dye concentration, 

pH levels, and the flow rate. 

 

 

 

 

 

 

2. Experimental Set-up and Materials  

I. Materials 
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The wastewater used in this study was synthetic; 

it was prepared at different dye concentrations 

using Cibacron reactive Red FN-R dye with a 

color index number of CI Reactive Red 238 and a 

chemical formula of  C29H15O13S4ClFN7Na4. The 

Cibacron red reactive dye had been supplied from 

AL-Kut textile factory south of Baghdad, 

(Department of Dying and Printing).   

H2SO4 acid and NaOH bass were used to obtain 

different pH levels. 

Pomegranate peels were collected, dried, 

submerged for 24 hours in hydrochloric acid, 

rinsed with distilled water for a few times then 

dried at 50°C for one day. Afterwards, 

Pomegranate peels were grinded, and sieved to be 

used as the adsorbent. 

 

II. Experimental set-up 

The continuous fixed bed column reactor system 

used in this study was built manually. Continuous 

flow was provided by means of steady head 8L 

upper tank connected to the 3 cm diameter 

cylindrical column which had a total height of 11 

cm. Valves were used to control in and out flow 

from the reactor. Figure 1 shows the experimental 

setup, while Figure 2 illustrates a sketch of the 

system.  

Several sets of experiments were conducted. In 

each experiment, only one parameter was variable 

and all of the other parameters were fixed in order 

to cover all of the effecting variables on the dye 

removal efficiency. 

The effects of pH, flow rate (Q), initial 

concentration of dye (Co), and contact time (t) on 

the decolorization efficiency were studied. The 

depth of the bed adsorbent was fixed on 8 cm. Six 

pH values (2, 4, 6, 8, 10, and 12) were 

considered. Three flow rates (27, 45, and 60 

L/min) were investigated. Four initial dye 

concentrations (10, 15, 20, and 25 mg/L) were 

examined. For each experiment, six effluent 

samples were taken (a sample per half an hour for 

three hours) and one influent sample representing 

the raw wastewater. The stopwatch volume 

method was used to measure the influent and 

effluent discharges from the column. 

 

2. Results and Discussion  

I. The effect of pH level 

The pH level has a direct effect on the 

decolorization process by adsorption. For that, it 

was the first set being studied in this research. 

The initial concentration of dye and the flow rate 

were fixed on 25 mg/L and 27 ml/min, 

respectively, while the pH levels ranged from 2 to 

12. 

Figure 3 shows the relation between different pH 

levels and the percentage removal efficiency of 

dye. The removal efficiency was calculated 

according to equation number (1). 

   
    

  
                                                (1) 

Where: Co and C are the initial and final 

concentrations of dye, respectively, and %R is the 

removal efficiency. 

 

 
Figure 1: The exp. setup 

 

 
Figure 2: Sketch of exp. setup 

 

Figure 3: The effect of pH on the removal of 

reactive red dye 
The pH point of zero charges (pHpzc) for 

pomegranate peels was found to be 6.35 [15]. The 

surface of the adsorbent would have a positive 
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charge at pH levels lower than the pHpzc (6.35 for 

this case) while negative charges occur at higher 

pH levels. The dye molecule has a negative charge, 

which leads to electrostatic interaction between the 

adsorbent surface and the dye molecule, eventually 

resulting in higher removal efficiency of dye.  As 

shown in Figure 3, the optimum pH level 

corresponding to the highest rate of removal of dye 

(%R=80) was 6 (lower than the pHpzc of 

pomegranate 6.35). On behalf of that, the pH level 

was fixed on 6 for further experiments. 
 

II. The effect of flow rate  

Since the reactor was a continuous flow column, 

the effect of different flow rates (27, 45 and 60 

ml/min) on the removal of dye was studied in this 

set of experiments. The pH level, initial 

concentration of dye, and the height of adsorbent 

in the filter were fixed as 6, 10 mg/l, and 8 cm 

respectively. Figure 4 depicts the effect of different 

flow rates on the removal of red dye. From this 

figure, it can be seen that the removal efficiency 

was increased with time for all three-flow rates 

taken; the maximum percentage removal (90%) 

was depicted at the lowest flow rate (27 ml/min). 

This can be explained as follows; the longer the 

time is and the lower the flow rate, this gives a 

longer contact time between the wastewater, 

representing the adsorbate, and the pomegranate 

peel, representing the adsorbent, allowing large 

quantities of dye to be adsorbed on the media 

surface. It should be mentioned that the break 

through point was not reached during the 

experiments due to technical reasons for prolonged 

operation inside the laboratory. 
 

III. Effect of initial dye Concentration  

This set of experiments included testing the 

removal of four initial dye concentrations (10, 15, 

20, and 25 mg/l) by the media. Figure 5 illustrates 

the relation between the percentage removals with 

time for different initial dye concentrations. 

 

 
Figure 4: The effect of the flow rate on the removal 

of dye 

 
Figure 5: The effect of initial dye concentrations on 

the % removal of dye 

 

Figure 4 shows that the percentage removal of 

dye by pomegranate peels increase from 76% for 

the initial dye concentration of 25mg/l to 90% for 

the corresponding initial dye concentration of 10 

mg/l. This means that the maximum percentage 

of dye removal by pomegranate peels occurs at 

the minimum initial dye concentration. This can 

be explained by the fact that the dye was 

adsorbed on the surface of the pomegranate peels, 

at higher concentrations will have no place to be 

adsorbed on for the same mass of adsorbent. 

These results are consistent with the results of 

previous studies in terms of the effect of initial 

concentrations of pollutant on the removal 

efficiency [13]. 

   

IV. The effect of contact time 

Figures 4 and 5 depict that the longer contact time 

results in higher removal efficiency of dye. This 

can be attributed to the long period of contact 

time between the adsorbent and the wastewater, 

which will allow an additional amount of dye to 

be adsorbed on the pomegranate peels. These 

results correspond with the results of previous 

continuous flow reactor study [16].  

 

VI. Adsorption Isotherm 

Langmuir [17,18] and Freundlich [19] adsorption 

models were applied for the results of this study. 

Figure 6 illustrates the application of the 

Langmuir isotherm equation. 

 

Figure 6: The Langmuir isotherm equation 

application 
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The straight line shown in Figure 6 depicts that 

the equilibrium data fits with the Langmuir 

equation. The constants of Langmuir equation (a 

and b) were calculated from the intercept and the 

slope of the straight line, respectively [17,18]. 

Table 1 illustrates these results. 

 

Table 1: The constants of Langmuir equation 

a b R
2
 Correlation equation 

1.1

1 

0.01

7 

0.96

1 

Y=0.017X + 1.110 

 

Figure 7 describes the application of the 

Freundlich isotherm equation, in which the 

straight-line relation shows a good correlation 

between the data and Freundlich isotherm model. 

The constants of Freundlich equation are shown 

in Table 2 calculated as in [19]. Langmuir and 

Freundlich's equations were both applied 

perfectly to the data, with Freundlich being more 

accurate due to its higher correlation coefficient 

(0.994), for that, it may represent this case of 

study. 

 

Figure 7: The Freundlich isotherm equation 

application 

 
Table 2: The constants of Freundlich equation 

a b R
2
 Correlation equation 

0.08

3 

0.81

0 

0.99

4 

Y=0.810X + 0.083 

 

 

 

3. Conclusions  

From this study, it can be concluded that 

pomegranate peels can effectively be used as an 

adsorbent to remove Cibacron reactive Red FN-R 

dye from synthetic wastewater. The capacity of 

removal was increased when keeping the pH 

levels within the range of 6, decreasing each of 

the flow rate and initial concentration of dye, and 

increasing the contact time. Both Langmuir and 

Freundlich isotherm models were well 

represented in this system, having Freundlich to 

be with the superior correlation coefficient. The 

obtained results were compatible with other 

studies [13, 16]. 
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