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ABSTRACT 

 
Heavy metals pollution occurs in many industrial waste waters such as those 

produced by metal plating facilities, mining operations, battery manufacturing processes, the 

production of paints and pigments and the glass production industry. This waste water 

commonly include Cr, Cu, Ni, Cd and Pb. These metals are non biogredable and their 

presence in water bodies produces serious health problems in animals, plants and human 

beings. Biosorption experiments were carried out using acid treated saw dust of Terminalia 

paniculata. Adsorption of Cr(VI) by the biosorbent is optimum at pH 2 suggesting that the 

adsorption is controlled by ionic attraction. Cr(VI) adsorption was fast at initial stage of the 

contact period and maximum adsorption took place within 60 min. Initial metal ion 

concentration plays an important role in determining the adsorption capacity. Adsorption 

strongly supports to the pseudo second-order kinetics which further suggests that biosorption 

is the rate-controlling step. This study shows that saw dust of Terminalia paniculata carbon 

have the potential to remove heavy metals like Cr(VI) in polluted water. 
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1. Introduction  
Water is a basic source of life, energy and thus is essential element to all living things 

on earth. In purest form water is colorless, odorless, and tasteless in nature. Level of 

contaminants has increased due to discharge of industrial effluents in aquatic ecosystems 

which pollute and contaminate the water streams naturally [1]. However millions of people 

worldwide are suffering from shortage of fresh and clean drinking water. Water pollution 

raises a great concern now a days due to rapid industrialization e.g. metal mining operations, 

fertilizers, agricultural wastes, sewage, domestic wastes, alloy and leather industries, metal 

galvanizations paper industries and pesticides which have largely discharged various types of 

pollutants into environment and cause disorder into ecosystem [2]. Chemicals, paper, 

petroleum and primarily metal 

sectors cause about 97% of water contamination [3]. Heavy metals are serious environmental 

concern because in higher amounts these elements are extremely toxic and harmful for living 

organisms. Heavy metal pollution, in the last few decades is a wide spread problem in all 

parts of the world. These metals are ubiquitous in nature and always present in a certain trace 

concentration [4-5]. The hexavalent chromate [Cr(VI)] compounds are used in industries like 

chrome leather tanning, metallurgy, chrome plating, textiles, ceramics, photography and 

photoengraving [6]. Wastewater from such industries contains moderate to excessive  
amounts of hexavalent chromate compounds beyond the conventional statutory limit of 0.1 

mg L
-1

. Remediation towards removal of Cr(VI) from such effluent is absolutely necessary 

as Cr(VI) is highly toxic and known to cause lung 
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cancer, chromate ulcer, nasal septum perforations and damage to kidney in humans [7] . 

Conventional removal of metal ions is done by ion exchange, solvent extraction, reverse 

osmosis, electrodialysis, precipitation, flocculation and membrane separation processes [8-9]. 

However adsorption compared with other methods appears to be an attractive process due to 

its efficiency, cost-effectiveness and the ease with which it can be applied in the management 

of heavy metal containing wastewater [10]. In recent years, a number of adsorptive materials, 

such as living and dead plants, microorganisms, agricultural and industrial by-products, etc. 

were used in heavy metal removal from wastewaters [11-14]. Adsorbent materials developed 

from suitable biomass can remove heavy metal ions from wastewater. 

 

Some of the suggested adsorbents are moss peat [15] fly ash [16-17], activated carbon 

[18-20], and lignin [21] ]. A growing research interest has been developed in search of low 

cost alternatives to these adsorbents. Sawdust has received particular attention as an 

economical adsorbent for removing heavy metals from wastewater due to its abundance, 

easily available and low cost. Further it will be a step ahead towards exploring the possibility 

on the use of waste biomass for industrial wastewater pollution management. The studies on 

the use of Terminalia paniculata sawdust as  
adsorbent are limited. Terminalia paniculata is widely used for furniture making and the 

waste sawdust produced is generally used for heating in the boiler. This carbon was 

abbreviated as TPC.  
The aim of this paper is to assess the ability of Terminalia paniculata sawdust to adsorb 

Cr(VI) ions from aqueous solutions. The effect of the solution pH, contact time and initial 

concentration adsorbent dosage on the removal of Cr(VI) ions was studied. The adsorption 

isotherm and kinetics were investigated using batch mode experiments. 
 

2. Materials and Methods 
 

2.1Preparation of Sulphuric Acid Treated Terminalia paniculata Carbon (TPC)  
In order to get sufficient amount of carbon for systematic adsorption studies of 

Chromium removal, several 50 g lots of Terminalia paniculata saw dust was carbonized 
using 20 ml of concentrated sulphuric acid in each instance. After mixing thoroughly, the 

samples were let stand in an oven at 110C for 4 hours to facilitate charring of the material. 
The charred carbon was washed with tap water and distilled water , dried in an hot air oven at 

110
0
C for 60 minutes. This carbon is abbreviated as TPC. The dried sample powder was then 

sieved to select the particles less than 75 µm and used as biosorbent. All chemicals used are 
of analytical grade. 

 

2.2. Biosorption studies  
Batch adsorption experiments were carried out in aqueous solutions with controlled 

initial Cr(VI) concentrations (25-200 mg/L) and pH values. An aqueous solution of different 

concentrations was prepared by dissolving of appropriate amounts of K2Cr2O7 in double 

distilled water, and 0.1 mol/L HCl or 0.1 mol/L ammonia solutions were used for pH 
adjustment. All the experiments were performed by agitating of the chromium solution at the 
desired concentration and pH. Samples were taken at appropriate time intervals and then 
filtered through Whatman No. 40 filter paper and the amount of Cr(VI) ions was determined 
in the liquid phase using uv visible spectrophotometer. All experiments were carried out 
twice. 

q 
V C0  Ct 

   

(1)    

W 
where,  

q = The metal uptake (mg metal g
-1

 biomass)  

C0 = The initial metal concentration (mg metal L
-1

 fluid) 
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Ct = The final metal concentration (mg metal L
-1

 fluid) 
 
V = The volume of solution (L) 

W = The dry weight (g) of biosorbent. 

 

2.3 Effect of contact time  
The effect of contact time on adsorption of Cr(VI) ions was investigated  

in batch adsorption equilibrium experiments by mixing 0.5 g of TPC in 100 ppm of synthetic 

chromium solution. The pH of solution was kept at optimum pH of 2. The mixtures were 

mixed slowly with a rotary shaker at a rate of 100 rpm for different time periods (10–100 

min) at room temperature. The concentration of Cr(VI) remaining in residual solution after a 

time lapse was determined by UV visible spectrophotometer. 

 

2.4 Effect of pH :  
The effect of solution pH on the Cr(VI) removal was examined by varying the initial 

pH of the solution from pH 1 to pH 10. The pH was adjusted using 0.1N HCl and 0.1N 

sodium hydroxide (NaOH). The intial concentration of heavy metal was fixed at 100 mg L
-1

 

with 1.00 g of the biosorbent. The reaction mixture was agitated at 100 rpm on a rotary 
shaker under room temperature. After 60 minutes of contact time the biomass was separated 
by filtering the reaction mixture and the  
filtrate was analyzed for metal concentration. 

 

2.5.Effect of Initial Metal Concentration: 

          The adsorption of  Cr(VI) ions onto TPC at varying initial concentration  was  
investigated in batch adsorption equilibrium experiments. The experiment was performed by 
mixing 1.00 g of TPC in 100 mL of the synthetic metal solutions of different initial 

concentration of metal, i.e., 25, 50, 75, 100, 125, 150, 175 and 200 mg L
-1

. The pH of 

solution was kept at optimum pH of 2. The mixtures were mixed slowly with a rotary shaker 
at a rate of 100 rpm for 50 min at room temperature. The solid biomass was 

separated from the liquid phase with Whatman No. 40 filter paper. 

 

2.6. Langmuir Adsorption Isotherm:  
Attempt was carried out to describe biosorption isotherms and kinetics of Cr(VI) by 

the saw dust of Terminalia 

paniculata carbon. Data used was  
obtained from effects of initial concentration. Langmuir isothermic model can be written in 
linear form as [22]: 

Ce = 
1 

+ 
1 

× Ce (2)  q
max 

K
L 

 

qe  
q

max  
where,  

qmax = The monolayer adsorption capacity of the adsorbent (mg g
-1

) is the (maximum 
amount adsorbed)  

KL = The Langmuir adsorption constant (L mg
-1

)  
Ce = The equilibrium metal ion concentration in the solution (mg L

-1
) 

qe = The equilibrium metal ion concentration on the adsorbent (mg g
-1

). 
 

2.7 Freundlich Adsorption Isotherm:  
This is commonly used to describe the adsorption characteristics for the 

heterogeneous surface [23]. These data often fit the empirical equation proposed by 

Freundlich: 
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 1  

q  = K C 
n 

...(3) 
eF   e  

 
where,  

KF = Freundlich isotherm constant (mg/g) n = adsorption intensity  

Ce = the equilibrium concentration of adsorbate (mg/L)  

qe = the amount of metal adsorbed per gram of the adsorbent at equilibrium (mg/g). 
Linearizing equation 3, we have:  

log q  = log K  + 1 log C  (4) 
F 

 

e e  n  
     

The constant KF is an approximate indicator of adsorption capacity, while 1/n is a 
function of the strength of adsorption in the adsorption process [24]. If n = 1 then the 
partition between the two phases are independent of the concentration. If value of 1/n is 
below one it indicates a normal adsorption. On the other hand, 1/n being above one indicates 
cooperative adsorption [25]. Specifically, the linear least-squares method and the linearly 
transformed equations have been widely applied to correlate sorption data where 1/n is a 
heterogeneity parameter, the smaller 1/n, the greater the expected heterogeneity. This 
expression reduces to a linear adsorption isotherm when 1/n = 1. If n lies between one and 
ten, this indicates a favorable sorption process [26]. From the data in Table 1, that value of 
1/n = 0.459 while n = 2.18 indicating that the sorption of Cr(VI) unto TPC is favourable and 

the R
2
 value is 0.907. 

 

2.8. Biosorption kinetic model 
To describe the kinetics of the  

biosorption of Cr(VI) by the TPC. Pseudo-second-order kinetic model was applied. The 

pseudo second-order model is presented by the following equation (5)  
[27] :  

t =   1 + 1 ×t (5) 
q K 

 

× q 
2  

 
2 

 q  
t  e  e  

where, 

K2 = The Second order constant  

qe = The equilibrium metal ion concentration on the adsorbent (mg g
-1

)  
qt = The metal ion concentration on the adsorbent in time t (mg g

-1
). 

 

3. Results and discussion 
The adsorption of Cr(VI) increased with time and at certain point in time, it reached a 

constant value beyond which no more Cr(VI) was further removed from solution (Figure 1). 

Maximum adsorption took place within the first 60 minutes. The amount of Cr(VI) adsorbed 

at the equilibrium time was the maximum adsorption uptake by the adsorbent. The results 

revealed that the Cr(VI) adsorption was fast at initial stage of the contact period and then 

became slower near the equilibrium. This phenomenon was due to the fact that a large 

number of vacant surface site were available for adsorption during the initial stage. Initial 

metal ion concentration plays an important role in determining the adsorption capacity of a  
biosorbent. .The results of the Cr(VI) biosorption at different pH by the biosorbent was shown in 

Figure 2. In this study, adsorption of Cr(VI) by the biosorbent TPC was maximum at pH 2. These 

results suggest that the adsorption of metals on the adsorbent surface is controlled by ionic 

attraction. At pH higher than 5, precipitation of insoluble metal hydroxides takes place. The pH 

of metal solution has been shown to play an important role in the adsorption process [28]. 

Generally, it has been observed that an increase in the initial metal concentration (from 25 to 200 

ppm) results in an increase in the metal adsorption capacity of the biosorbent. At lower 

concentrations, all metal ions present in the solution would interact with the binding sites and 

thus facilitate higher adsorption. At low initial concentration of metal ions, more binding sites are 

available. But as the concentration increases, the number of ions competing for available binding 

sites in the biomass increased [29]. 
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Figure 1. The effect of contact time on the                 Figure 2. The effect of  pH on the 

adsorption of Cr(VI) ions by TPC                               adsorption of Cr(VI) ions 
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Figure 3:Langmuir adsorption isotherm of Cr(VI) ions by TPC  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Freundlich adsorption isotherm of Cr (VI) ions by TPC 

 

Langmuir and Freundlich adsorption isotherms were investigated for the adsorption of 

Cr(VI) ions by TPC. Figures 3 and 4 shows the Langmuir and Freundlich plots of Cr(VI) ions 

by TPC. The results of Langmuir and Freundlich adsorption isotherm were shown in Table  

1. The correlation coefficients (R
2
) for the Langmuir adsorption isotherm was very high, 

(Table 1) and strongly supports the fact that the metal–TPC adsorption data closely follow 
the Langmuir isothermic 

model. The high degree of correlation for  
the linearized Langmuir relationship suggests a single surface response with steady 

activation energy is the main sorption step and possibly the major rate-controlling step. This 

indicated the applicability of Langmuir adsorption isotherm occurring through monolayer 

exposure and the binding at the adsorbent surface can be measured as adsorption  
[30]. The Langmuir isotherm therefore proved that the metal ion bound on TPC is due to 

monolayer adsorption. 
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Table 1  
Adsorption isotherm model constants and correlation coefficients for the adsorption 

of metal ions on TPC at room temperature. 
 

  Adsorption Isotherm constants 

  isotherms     

     qmax  500  

     (mg/g)   

 Langmuir KL( L 

0.6452 

 

 isotherm mg
-1

)   
         

     R2  0.991  

     kF(mg 

724.49 

 

 Freundlich g
-1

)   

 isotherm n  2.18  

     R
2 

 0.907  

         

t/
q

t 1 
  

R
2
 = 0.9883 

  

   

0.5       
         

 

0 
 

0 50 100 
 

Time in mimutes 
 

 

Figure 5 shows pseudo second order 

kinetics of Cr (VI) by TPC. 

The values of parameters K, qe and correlation coefficients were shown in Table 2. It 

can be concluded from the very high correlation coefficients (R
2
 = 0.9883) that the pseudo-

second-order adsorption 
model is highly suitable to describe the adsorption kinetics of TPC onto Cr(VI) . These 

results imply that the adsorption system sticks to the pseudo second-order kinetics which 

further suggests that biosorption is the rate-controlling step (Ho and McKay, 2000). 

  
Table 2 Kinetic parameters for the Removal of Cr (VI) ions by TPC  
Pseudo- qe K2*10

-3 
R

2 

Second (mg g
-1

) (mg g min
-1

)  
Order    

Kinetic 77.5194 1.03 0.988 

Model    

 

4. Conclusion  
This study shows that acid treated Terminilia paniculata has excellent potential 

to remove Cr(VI) in polluted water. The adsorption for Cr(VI) was quick, as maximum 

removal took place within 60 minutes of contact time. The maximum adsorption 

capacity of Cr(VI) depends on initial metal concentration and pH of the solution. 

Langmuir adsorption isotherm and pseudo-second-order kinetic model are very useful 

in predicting the behavior of the biosorbent under the different conditions so that it can 

be used effectively to remove such heavy metals. 
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