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Extended abstract 

Synthetic dyes are increasingly used daily in paper, leather, plastic and textile 

industries due to their low manufacturing cost but are very stable, resistant to 

photodegradation and bio-degradation because of their complex structure [1]. The 

commonly used synthetic dyes in textile chemical processing industries are direct 

dyes, vat dyes, reactive dyes, basic dyes, etc. The colored solutions of synthetic dyes 

discharged from textile industries are aesthetically unpleasant, damage the 

ecosystem and disturb the biological processes in water [2, 3]. The colored solutions 

also have toxic and carcinogenic impacts on living creatures [4]. Methylene blue 

belongs to a thiazine cationic dye category, however it is responsible for various 

health issues like diarrhea, vomiting, eye burns and irritation [5]. Therefore, it is 

necessary to remove dyes from waste water before discharging them to main stream 

water. Among the various methods employed for water treatment, adsorption is a 

better technique because of its simplicity, efficiency and ability to remove dyes on a 

larger scale [5]. The additional benefits of adsorption process are the absence of 

hazardous materials like free radicals and ozone. The adsorption is a physico-

chemical method where solid adsorbent attracts desired components on the surface 

by forming attachment through physical or chemical bonding. The pore structure, 

porosity and specific surface area of adsorbent are important structural factors to 

decide the adsorption capacity for removal of dyes from waste water [5]. 

This paper elaborates on the surface modification of AC to improve its sorption 

affinity towards MB. In order to generate more active sites on AC, the surface was 

modified by impregnation with an iron precursor to produce iron impregnated AC 

(FeAC). Both the AC and FeAC were thoroughly characterized and investigated for 

MB uptake from aqueous systems. This paper reports the enhanced MB removal 

efficiency by iron impregnated AC under different experimental conditions. The 

acrylic fibrous waste was obtained from Grund Industries, Czech Republic in form of 

discarded bath mats. The short segments of acrylic fibers were removed from bath 

mats using mechanical cutting method. The compact dense structure of nonwoven 

web was prepared by opening of short fibers on a carding machine with subsequent 

action of needle punching machine. The size of 30 cm x 20 cm of prepared acrylic 

nonwoven web was cut and immersed in a saturated solution of iron chloride and 

boiled for two hours, after it was dried in oven overnight. The web was then 



 

 

transferred to a high temperature furnace for controlled carbonization in two stages. 

The samples were initially stabilized at 250 oC with heating rate of 50 oC hr-1 and 

subsequently carbonized at 1000 oC under the layer of charcoal for physical 

activation in the presence of air. 

The methylene blue used in the study having molecular weight of 319.85 g mol-1 was 

purchased from Sigma Aldrich. Aqueous solution of methylene blue having different 

concentrations was prepared by dissolving the required quantity of dye in distilled 

water. The adsorption experiments were conducted by the batch method. In order 

to determine the equilibrium adsorption point, a fixed amount of activated carbon 

(i.e. 0.1 g) was introduced into 50 mL solution of methylene blue at different initial 

concentrations ranging from 10.0 mg l-1 to 50 mg l-1. The flasks containing dye 

solutions were placed on water bath shaker at 200 rpm for 150 minutes to ensure 

that equilibrium was achieved. The samples were taken out at pre-set time intervals 

and remaining concentration of dye solution was measured using UV-visible 

spectrometer (UV-160A, Shimadzu, Japan) at the wavelength of 665.0 nm. The 

adsorption performance based on dye removal efficiency DR [%] and adsorption 

capacity QE [mg g-1] (amount of dye adsorbed on activated carbon at equilibrium) 

were calculated from eq. (1) and eq. (2) respectively. 
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Where C0 [mg l-1] is the initial concentration of methylene blue before addition of 

activated carbon and Ce [mg l-1] is the concentration of methylene blue after addition 

of activated carbon at equilibrium. 
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Where V [l] is the volume of solution and W [g] is the mass of activated carbon used. 

The effect of initial dye concentration, adsorbent dosage, stirring speed and pH of 

solution was studied. The obtained results were then compared with adsorption 

isotherms. The SEM images of activated carbon prepared at 1000 oC without iron Fig 

1(a) and with iron Fig 1(b) can be seen. From SEM image and EDX analysis it is clear 

that iron content was deposited on the activated web. 



 

 

 
      Fig 1. (a)    Fig 1 (b)       

Figure 1. SEM image of AC without iron and with iron content 

 
From SEM image and EDS analysis it is clear that iron content was deposited on the 

activated web. Results of EDS analysis can be seen from tab. 1. 

 
Table 1. EDS analysis of activated carbon with iron content 

Element App Intensity Weight% Weight% Atomic% 

C  0.40 1.7227 0.25 0.00 87.81 

O  0.03 0.8288 0.04 0.00 10.23 

S  0.00 0.9635 0.00 0.00 0.62 

Fe  0.01 0.5315 0.02 0.00 1.34 

 
The adsorption performance of 2 g L-1activated carbon web was studied at different 

initial concentration of dye from 2 mg L-1 to 10 mg L-1. The dye removal percentage 

and adsorption capacity were found to increase with increase in contact time up to 

some extent and later reached a constant value at equilibrium as shown in Fig. 2. 

The effect of activated carbon dosage on adsorption performance was evaluated 

under 50 mg l-1 methylene blue concentration, 50 mL dye solution, 150 min contact 

time, 25 oC temperature and 200 rpm stirring speed. The dosage of activated carbon 

was varied in range of 1-5 g l-1. From Fig. 3, increase in dye removal efficiency was 

found with increase in activated carbon concentration. 

 



 

 

 
 Figure 2. Effect of initial dye concentration on dye removal percentage 

 

Figure 3. Effect of adsorbent dosage on adsorption performance 

 

Similarly the effect of stirring speed and pH on the dye removal efficiency was 

calculated. 
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