
 Online International Conference on Life Sciences (OICLS-20) 

 December 19-20, 2020 

Conference Book  
ISBN 978-600-98459-6-5 

 

 

1 

 

 

Application of Carbonized Sawdust as an Adsorbent for 

Phenol Removal from Wastewater 
 

Loreta Vallja*, Sonila Duka, Alma Shehu, Nevila Broli, Majlinda Vasjari, Anxhela Braka 

Department of Chemistry, Faculty of Natural Sciences, University of Tirana.  

*Corresponding author: Loreta Vallja, Department of Chemistry, Faculty of Natural Sciences, 

University of Tirana, Tirana, Albania. (E-mail: loreta.vallja@fshn.edu.al) 

 

Abstract 
Water pollution is one of the most important problems in the world, which represents a risk to 

the human and environment. The increasing industrial and human activities have caused an 

increase on the discharge of wastewater into the water resources. Phenolic compounds from 

different industrial activities such as refineries, pesticides, insecticides, pharmaceutical, etc., are 

found among the main pollutants of water. These compounds are toxic and their degradation is 

difficult; thus, it is important the development of effective methods for the removal of these 

pollutants from water. 

The aim of the present study was to investigate the capability of sawdust used as an adsorbent for 

phenol removal in industrial wastewater. Sawdust has been pre-treated through acid activation 

and calcination in order to improve the adsorbent properties to phenols. During this study initial 

phenol concentration, adsorbent dose, pH and contact time, on the removal capacity has been 

studied. A comparison of mathematical model applied to the adsorption of phenol was evaluated 

for the Langmuir and Freundlich adsorption models. The obtained results demonstrate that 

activated sawdust could be used as an efficient and low-cost adsorbent for phenol removal from 

industrial effluents discharge with a maximum removal efficiency of 83 %. 
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Introduction 
Phenolic compounds are present in the effluents of various industries such as oil refining, 

petrochemicals, pharmaceuticals, coking operations, resin manufacturing, plastics, paint, pulp, 

paper, and wood products [1]–[3]. As a result of these applications, they are found in soils and 

sediments and this often leads to ground water contamination. Owing to their high toxicity and 

persistence in the environment, both, the US Environmental Protection Agency (EPA) and the 

European Union have included some of them in their lists of priority pollutants [4],[5]. 

Conventional methods for the removal of phenolic pollutants in aqueous solutions can be divided 

into three main categories: physical, chemical and biological treatment.  Among them, physical 

adsorption method is generally considered to be the best, effective, low-cost and most frequently 

used method for the removal of phenolic pollutions.  Therefore, the search for low cost and 

easily available adsorbents has led many researchers to search more economic and efficient 

techniques of using the natural and synthetic materials as adsorbents. The use of agricultural by-

products for biosorption seems to be very promising [6]. The possibility to use such materials as 

adsorbents, without any complex and expensive pre-treatments makes them an interesting 

alternative to the use of activated carbons. Further advantages are that they are readily available 
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and do not need regeneration. In particular, sawdust is a waste product from the wood industry 

and is very abundant. The objective of the present study was to investigate the capability of 

sawdust used as an adsorbent for phenol removal in industrial wastewater. During this study 

initial phenol concentration, adsorbent dose, pH and contact time, on the removal capacity has 

been studied. A comparison of mathematical model applied to the adsorption of phenol was 

evaluated for the Langmuir and Freundlich adsorption models. 
 
Materials and Methods  
Adsorbent Preparation  

Sawdust was washed several time with distilled water in order to remove the dust particles, until 

a clear solution was obtained. Finally, washed sawdust was dried at 60 °C in the oven for 24 h. 

To prepared activated carbon, dried sawdust was mixed with 2 N H2S04 in 1:3 solid to liquid 

ratio and kept in a muffle furnace at temperature 200 °C for 14 h. The sawdust activated carbon 

was washed with distilled water to eliminate residual chemicals and dried at 60 °C temperature 

for 24 h.  

Adsorption Experiments  

In the present study, the effect of several parameters such as contact time, adsorbent dosage, 

solution pH, initial concentration of adsorbate on the adsorption process was studied. The pH of 

the suspension in the experiments was adjusted with NaOH 0.1M and H2SO4 0.1M. A general 

method has been used for this study. A known weight of sawdust (0.05 g – 0.9 g) was 

equilibrated with 15 mL of the phenol solution (10-140 mg/L) at room temperature for a known 

period of time (2 h -19 h). All adsorption studies were conducted in a rotary shaker at agitation 

speed of 150 rpm. Analytical measurements of phenol content in the solution were performed 

according to direct spectrophotometric method. 

Results and Discussion 

Effect of contact time  

Adsorption process is the transfer of the pollutant from the liquid phase to the solid one, thus the 

contact time between two phases has an effect on the mass transfer rate. The effect of contact 

time on the adsorption efficiency of phenol at optimum conditions is the presented at figure 1. 

From the experimental data it can be seen that the adsorption of phenol increases with the 

increasing of contact time until it reaches the equilibrium, after approximately 3-4 hours.  The 

optimum contact time to reach the adsorption equilibrium is attained after 3 h in the 

concentration range from 10 mg/L- 60 mg/L, while for the concentrations range from 80 mg/L- 

140 mg/L the optimum time to reach the adsorption equilibrium is attained after 4 hours. Based 

on the obtained results for further experimental measurements we have chosen as optimum 

contact time 3 hours for concentrations range 10 mg/L-60 mg/L and 4 hours for concentrations 

range 80 mg/L-140 mg/L. 
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Figure 1. Effect of contact time on the removal efficiency of phenol. 

 

Effect of pH on the removal efficiency of phenol 

The pH play an important role in the sorption process. To find the optimal pH at which the 

carbonized sawdust exhibits the best adsorption properties, experiments were performed at 

different pH (2-8). The pH value of each aqueous solution was adjusted by adding H2SO4 0.1 N 

and NaOH 0.1 N solution. The adsorbent amount (0.5 g), initial phenol concentration (40 mg / L) 

and contact time (3 hours) was kept constant. The obtained experimental results are presented in 

the figure 2. 

 
Figure 2. Effect of pH on the removal efficiency of phenol. 

From the obtained results it can be clearly seen that the percentage adsorption is higher at lower 

pH. When the pH was increased, a decrease in the percentage of adsorption was observed. It 

attributes to the weakening of electrostatic force of attraction between the oppositely charged 

adsorbate and adsorbent and ultimately led to the reduction in sorption capacity. In acidic 

medium, the H+ ions on the surface are also exchanged with the positively charged sorbet species 

with subsequent coordination of phenol ion [8]. The decrease in the removal of ions at higher pH 

(≤ 4) is apparently due to the higher concentration of H+ ions present in the reaction mixture, 
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which compete with the ions for the adsorption sites of sawdust and formation of soluble 

hydroxyl complexes. [9].  

  

Effect of sawdust amount on the removal efficiency of phenol 

Several experiments were conducted in order to evaluate the effect of adsorbent dosage on the 

adsorption efficiency. The percentage adsorption increased with the increase of sawdust amount, 

from 36% (0.05g) to 75 % (0.4g). This can be attributed to the increased adsorbent surface area 

and availability of more adsorption sites resulting from the increasing adsorbent dosage. Further 

increase in adsorbent dose slightly decreases the adsorption percentage.  

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of adsorbent amount on the removal efficiency of phenol. 

Adsorption modelling 

An adsorption isotherm is the presentation of the amount of solute adsorbed per unit weight of 

adsorbent as a function of the equilibrium concentration in the bulk solution at constant 

temperature. The Langmuir [10] and Fruendlich isotherm models were employed to interpret the 

sorption process in order to understand the mechanism of phenol adsorption on sawdust. In this 

study, adsorption isotherms were carried out at initial concentrations of 10-140 mg/L. The data 

did not fit well into Langmuir isotherm as the correlation coefficient is relatively lower than 

Freundlich model, which gave the best fit (Figure 4 & Figure.5). 
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Figure 4. The linear Langmuir adsorption isotherm                        Figure 5. The linear Freudlich adsorption isotherm 

Adsorption kinetics  
The study of the of a sorption process is very important as it describes the rate of adsorbate 

uptake, which in turn evidently controls the residence time of the solute uptake at the solid- 

solution interface or the sorption reaction. It is an important characteristic in defining the 

efficiency of sorption [7]. Various kinetic models have been proposed and used to study and 

describe the mechanism of a solute uptake by an adsorbent from aqueous solution. In the present 

study two models are considered to describe the adsorption kinetics for the experimental data: 

the pseudo-first order kinetics model by Lagergren [8] and the second-pseudo order kinetics 

model by Ho & McKay, represented respectively in Figure 6 and Figure.7. 

 

 
Figure 6. Pseudo-first order graph                                                   Figure 7. Pseudo-second order graph 

                                                

The obtained data revealed that pseudo-second order equation provides the best correlation 

coefficient with high values (0.9988).  In addition, the calculated qe values (Table 1) also better 

agree with  the  experimental  data  in  the  case  of  pseudo-second-order kinetics. These suggest 
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that the adsorption data are well represented by pseudo-second-order kinetics and it supports the 

assumption that the chemical adsorption is the rate-limiting. 

 
Table 1: Values of kinetic parameters of each model  

Pseudo-first order kinetic model Pseudo-second order kinetic model 

qe (exp) 

(mg/g) 

qe  (calc) 

(mg/g) 

R2 qe (exp) 

(mg/g) 

qe  (calc) 

(mg/g) 

R2 

0.089 68.66 0.7683 0.089 0.087 0.9988 

 

Conclusion 
The present study was conducted in order to investigate the capability of sawdust used as an 

adsorbent for phenol removal in industrial wastewater. The obtained results demonstrates that 

activated sawdust could be used as an efficient and low-cost adsorbent for phenol removal from 

industrial effluents discharge. The use of low cost absorbent may also contribute to the 

sustainability of the surrounding environmental. The optimum conditions for the removal of 

phenol within the experimental range of variables studies were; 140 mg/l of initial phenol 

concentration, 0.4 g-0.5 g of adsorbent dose, pH value of 4 and 140 min of contact time. Under 

these conditions the maximum removal efficiency was 83 %. The results of isotherm data 

showed that the adsorption of phenol followed Freundlich isotherm.  Adsorption of phenols from 

carbonized sawdust fits well with the pseudo-second order kinetics equation. 
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