
Rakesh Chauhan et al. 2016, 4:2  
ISSN (Online): 2348-4098 
ISSN (Print): 2395-4752 

 

International Journal of Science,
Engineering and Technology

An Open Access Journal

© 2016 Rakesh Chauhan et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly credited. 

Removal of Dyes from Aqueous Solution Using 
Activated Carbon of Poplar Tree 
1Rakesh Chauhan, 2Jitender Pal 

 

 

 

 

 

 

 

 

 

 
Introduction  

Water is a key ingredient and widely used resources 
on earth for sustaining life. There are mainly three 
sectors namely agricultural, industrial and domestic 
sectors consuming 70, 22 and 8% of available fresh 
water respectively [1]. Due to rapid growths of 
industrial sector in India as resulted large amounts of 
wastewater generated from the industries and it 
contains a number of pollutants [2]. The introduction 
of wastewater without any treatment in the 
environment is a worldwide problem that has been 
highlighted by various researchers. Dyes are widely 
used in industries such as textiles, rubber, paper, 
plastics, cosmetics, etc., to colour their products 
[3][4]. The effluents of these industries contain 
numbers of dyes in sufficient amounts. Dyes are 
considered an objectionable type of pollutant 
because they are toxic [5] [6]. Due to oral ingestion 
and inhalation of dyes, skin and eye irritation was 
noticed [6] [7]. The dyes are always left as the major 
waste from these industries. Due to their chemical 
structures, dyes are resistant to fading on exposure 
to light, water and many chemicals. Therefore, these 
dyes are difficult to be decolorized once entered into 
the aquatic environment [8]. Many of the organic 
dyes are hazardous and may affect aquatic life and 

even the food chain [9]. Colour is the first 
contaminant to be recognised in water and has to be 
removed before discharging it into water bodies [10]. 
The presence of colour in water will reduce aquatic 
life by blocking light through the water. Coloured 
agents (dissolved dyes and chemicals) interfere with 
the transmission of light through water and hinder 
photosynthesis process [11]. Humans are estimated 
to use dyes for thousands of years and the earliest 
use of the colorant is believed to be by Neanderthal 
man about 1,80,000 years ago [3] [6]. In 1856, first 
synthetic dye, Mauvine, by Perkin was discovered. 
Dyes usually have a synthetic origin and complex 
aromatic molecular structure, which make them more 
stable and more difficult to biodegrade [12]. 
Methods for treating textile dye wastewaters consist 
of various chemical, physical and biological 
processes. These include: adsorption [13], 
nanofiltration [14], colloidal gas aprons [15], 
ultrasonic decomposition [16], electro coagulation 
[17], coagulation and precipitation [18], advanced 
chemical oxidation [19], electrochemical oxidation 
[20], photo-oxidation [21], ozonation [22] and liquid-
liquid extraction [23]. Many of these processes have 
their own limitations. Adsorption is preferred over 
these processes and is widely used due to low cost 
and high performance. The several colouring 
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materials can be removed from the wastewater at the 
same time. In the thrust of a comprehensive study, 
we have selected one basic dye (MB) and one acidic 
dye (CR) for this present study. The aim of study is to 
utilize the poplar wood to remove hazardous and 
commonly used dyes [Methylene Blue (MB), and 
Congo Red (CR)]. 

Materials and Methods 

Adsorbent Preparation  

Popular (Populous) wood was collected from 
university campus and washed with tap water, dried 
in sunlight and makes small wooden chips from dry 
wood and dried in hot gas oven at 1100C for 1hr. The 
wooden chips were crushed into powder with the 
help of power grinder. The wooden powder was 
transfer into the furnace for thermal activation at 450 
0C for 3hrs and cool in desiccator. The activated 
carbonaceous material was sieved with 170 BSS 
(British Standard Scale). The sieved material was 
further washed with distilled water to remove 
unwanted material. The activated carbonized 
material treated with 40% diluted HCl acid for 20 hrs. 
After thoroughly washed with distilled water the 
carbonized material was kept in an oven at 110oC for 
3 hrs. Dried activated adsorbent from popular (ACP) 
was kept in plastic container for further use. 

Standard Stock Solution of dye 

Accurately 1 gm of powder of each dye (MB and CR) 
was dissolved separately in 1000 ml of single distilled 
water. The stock solutions were prepared 1000mg/L 
with distilled water and next lower concentration of 
each dye (50mg/l, 100mg/l, 150mg/l) prepared by 
subsequent dilution. The absorbance of dye solution 
was analyzed at λmax (nm) =665(MB) and 498 (CR) 
using UV-Visible Spectrophotometer (JEOL).  

Adsorption studies  

In the present studies, a series of batch adsorption 
experiments were conducted to determine the 
adsorption of studied dyes (MB and CR) on ACP. All 
the batch adsorption experiments were performed in 
orbital shaker at 180 rpm using 150 ml conical flasks 
with stopper containing 50 ml each of dye solutions 
of (50, 100 and 150 mg/l) concentrations. 
Experiments were performed at room temperature 
(28±1oC). The pH of the solution was maintained 
natural as well as desire done when needed likewise 
the other parameters such as adsorbent doses (0.1-

0.8g/50 ml), contact time (30, 60, 90 and 120 min) 
were also either varied or kept at desired level as per 
the need. The samples were withdrawn from the 
shaker at predetermined time intervals, and 
adsorbent was separated from the solution by 
centrifugation (3900 rpm for 15 min).  

The removal percentage of dyes was calculated using 
given equations: 

Dye removal (%) = (Co-Ce)/Co ×100                   (i) 

Adsorption capacity of dyes onto the Adsorbent was 
determined by given equation. 

Adsorption capacity (qe ) = (Co- Ce) V/m          (ii) 

Where Co (mg/L) is the initial concentration of dyes 
(MB and CR) and Ce (mg/L) is the concentration of 
dyes at equilibrium, qe (mg/g) is the amount of dyes 
adsorbed on the ACP at equilibrium, V is the volume 
of dyes solution (L) and m is the mass of the ACP (g). 

Results and Discussion  

Effect of pH 

The batch experiments were conducted by varying 
pH (2, 4, 6, 8 and 10), initial dye concentrations (50, 
100 and 150mg/l) and contact time (30, 60, 90 and 
120 min) and at constant ACP dose was selected 0.4 
gm in the test solution at room temperature 
(28±1oC) to calculate the adsorption capacity of MB 
and CR dyes on ACP. The maximum removal of MB 
were observed at initial dye concentrations 
(150mg/l), pH(6) and ACP dose (0.4 gm) by 
increasing contact time 30min (95.6%), 60min 
(95.7%), 90min (96.1%) and 120min (96.2%) are 
shown in the figure 1-4. In case of CR dye, The 
maximum removal of CR were observed at initial dye 
concentrations (50mg/l), pH(4) and ACP dose (0.4 
gm) by increasing contact time 30min (66.6%), 60min 
(68.8%), 90min (72.7%) and 120min (77.2%) are 
shown in the figure 5-8. No significant changes were 
observed beyond 0.4 g/50 ml adsorbent dose in 
removal efficiency. This increase in adsorption 
capacity with pH may be attributed to increased 
adsorbent surface area and availability of more 
adsorption sites on ACP. The per cent adsorption 
capacity was increased with an increase in pH. From 
the results it was observed that solution pH affects 
the amount of dye adsorbed. The dye uptake was 
found to increase with increasing pH. The surface of 
the ACP may contain a large number of active sites 
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and also to the chemistry of the solute in the 
solution. At lower pH the surface charge may get 
positively charged, thus making H+ ions compete 
effectively with dye cations causing a decrease in the 
amount of dye adsorbed. At higher pH the surface of 
ACP particles may get negatively charged, which 
enhances the positively charged dye cations through 
electrostatic forces of attraction [23]. Further, the pH 
increases the removal rate of MB increases but the 
removal rate of CR decreases with increases the pH. 
The removal is more in case of MB than CR. 

 
Fig. 1: Effect of pH on MB dye (30 min) 

 
Fig. 2: Effect of pH on MB dye (60 min) 

 
Fig. 3: Effect of pH on MB dye (90 min) 

 
Fig. 4: Effect of pH on MB dye (120 min) 

 
Fig. 5: Effect of pH on CR dye (30 min) 
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Fig. 6: Effect of pH on CR dye (60 min) 

 
Fig. 7: Effect of pH on CR dye (90 min) 

 
Fig. 8: Effect of pH on CR dye (120 min) 

Effect of adsorbent dose 

The batch experiments were performed at constant 
pH (6.0) for MB and pH (4.0) for CR at different 
contact times (30, 60, 90 and 120 min) on ACP by 
increasing the ACP dose from 0.1g to 1.0g. The 
maximum removal of MB were observed at initial dye 
concentrations (150mg/l), pH(6) and ACP dose (1 g) 
by increasing contact time 30min (98.7%), 60min 
(98.9%), 90min (99.1%)) and 120min (99.2%) are 
shown in the figure 9-12. In case of CR dye, the 
maximum removal of CR were observed at initial dye 
concentrations (150mg/l), pH(4) and ACP dose (1 g) 
by increasing contact time 30min (90.0%)), 60min 
(91.6%), 90min (92.4%) and 120min (93.2%) are 
shown in the figure 13-16. This increase in 
adsorption capacity with adsorbent dose may be 
attributed to increased adsorbent surface area and 
availability of more adsorption sites on ACP. The per 
cent adsorption capacity was increased with an 
increase in adsorbent dose. The similar results were 
also observed by Bilal et al., [13]. The adsorption 
capacities of studied dyes are given in Table 1. The 
adsorption capacity of studied dyes were increased 
with increased the concentration of dyes. The 
adsorption capacity of dye was achieved maximum 
level in first 30min and thereafter the rate of 
adsorption capacity increased slowly as the time 
progresses. This increase in adsorption capacity with 
adsorbent dose may be attributed to increased 
adsorbent surface area and availability of more 
adsorption sites on ACP. The per cent adsorption 
capacity was increased with an increase in adsorbent 
dose. The similar results were also observed by Bilal 
et al., [13]. From the results it has concluded that the 
removal of MB was more effective than CR. 

Table 1: Adsorption capacity of studied dyes 

Time 

(min) 

Methylene Blue (MB) Congo Red (CR) 

50  
(mg/l) 

100 
(mg/l) 

150 
(mg/l) 

50  
(mg/l) 

100 
(mg/l) 

150 
(mg/l) 

30 5.37 11.78 17.93 4.16 8.22 9.82

60 5.69 11.79 17.95 4.30 8.36 10.04

90 5.75 11.80 18.02 4.54 8.59 10.46

120 5.81 11.85 18.04 4.82 8.67 10.59
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Fig. 9: Effect of ACP dose on MB dye (30 min) 

 
Fig. 10: Effect of ACP dose on MB dye (60 min) 

 
Fig. 11: Effect of ACP dose on MB dye (90 min) 

 
Fig. 12: Effect of ACP dose on MB dye (120 min) 

 
Fig. 13: Effect of ACP dose on CR dye (30 min) 

 
Fig. 14: Effect of ACP dose on CR dye (60 min) 
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Fig. 15: Effect of ACP dose on CR dye (90 min) 

 
Fig. 16: Effect of ACP dose on CR dye (120 min) 

Fig. 17: Effect of time on the removal of MB dye 

Effect of contact time 

The effects of contact time were carried out using 
different doses adsorbent (ACP) and selected 
concentration of adsorbate (MB &CR). The shaker 

was set at 40 rpm at ambient temperature for 
different shaking times from 30 to 120min. To 
determine the optimum shaking time, each solution 
was filtered after shaking, and the absorbance of the 
filtrate was determined using UV-Vis 
spectrophotometer at the appropriate λmax (nm) 
value for the quantification of the residual dye 
content. To determine the optimum settling time, the 
sample was shaken in known concentration of dye 
solution. The effect of contact time on the removal of 
MB and CR dyes are shown in Fig. 17 &18. The 
maximum removal of MB were observed at pH(6) 
and ACP dose (0.4 g) and contact time 120min at 
initial dye concentrations (50mg/l) (93.0%), (100mg/l) 
(94.8%), (150mg/l)  (96.2%). In case of CR dye, the 
maximum removal of CR were observed at pH(4) and 
ACP dose (0.4 g) and contact time 120min at initial 
dye concentrations (50mg/l) (77.2%), (100mg/l) 
(69.4%), (150mg/l)  (56.5%). This increase in 
adsorption capacity with contact time may be 
attributed to increased adsorbent surface area and 
availability of more adsorption sites on ACP. The per 
cent adsorption capacity was increased with an 
increase in contact time. The similar results were also 
observed by Bilal et al., [13]. As the contact time 
increases the removal of rate of MB and CR rate of 
removal was increased. The percent removal was 
observed more in case of MB than CR. The dye 
uptake by ACP for MB dye is rapid for the first 30 
min and thereafter it proceeds at a slower rate and 
finally attains saturation and in case of CR dye, the 
maximum dye uptake was rapid for the first half hour 
and there after the removal rate was observed 
slower. This may be due to the lack of available 
active sites required for further uptake after attaining 
the equilibrium [24]. 

 
Fig. 18: Effect of time on the removal of CR dye  
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Effect of initial dye concentration 

The maximum removal of MB were observed at initial 
dye concentrations (150mg/l), pH(6) and ACP dose 
(0.4g) by increasing contact time 30min (95.6%), 
60min (95.7%), 90min (96.1%) and 120min (96.2%) 
shown in figure 19. In case of CR dye, the maximum 
removal of CR were observed at initial dye 
concentrations (150mg/l), pH(4) and ACP dose (0.4g) 
by increasing contact time, 30min (66.60%), 60min 
(68.8%), 90min (72.7%) and 120min (77.2%) shown in 
figure 20. Equilibrium adsorption capacity was 
increased with an increase in concentration of MB & 
CR. Further increase in dyes concentration showed 
no significant changes in removal efficiency (Fig. 19 
& 20). This may be due to that with increased dyes 
concentration, the driving force for mass transfer 
also increases. At low concentrations there will be 
unoccupied active sites on the adsorbent surface. 
Above optimal MB & CR concentrations, the active 
sites required for the adsorption of dye will 
insufficiency. The per cent adsorption capacity was 
increased with an increase in initial dye 
concentration. The similar results were also observed 
by Bilal et al., [13]. 

 
Fig. 19: Effect of initial dye concentration of MB dye  

 
Fig. 20: Effect of initial dye concentration of CR dye 

Conclusions 

Removal of dyes MB and CR from aqueous solutions 
by adsorption with activated carbon prepared from 
Poplar (Populus) has been experimentally 
determined. The prepared activated carbon was 
characterized by different analysis and test and the 
following observations are made: The percentage of 
colour removal increases with increasing adsorbent 
dose and contact time. Optimum contact time for 
equilibrium to be achieved is found to be two hours 
after saturation of the active site which does not 
allow further adsorption to take place. For MB 
maximum adsorption was found at pH 6 and pH 4 
for CR. Optimum adsorbent dose for MB and CR dye 
was found 0.4g/50ml. Finally it is concluded that ACP 
is most vital and economical option to treat the MB 
and CR dyes presents in wastewater. 
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