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Abstract 

  

In present investigation removal of As (III) ion from contaminated water by biosorption using palm bark (PB) biomass 

under various experimental conditions was carried out. Fourier transmission infrared spectroscopy (FTIR) and scanning 

electronic microscopy (SEM) were used to analyze the characteristic of palm bark (PB) biomass.  The optimum pH of 7.5 

and temperature gradient of 25
0
C were obtained for the efficiency of biosorption of As (III) ion. Moreover, 87.5% 

maximum percentage removal of As (III), 2.31 mg/g uptake capacity and 90 minutes contact time were achieved, 

respectively. Langmuir and Freundlich isotherms were used for sorption equilibrium studies. Freundlich isotherm was 

better fitted to equilibrium sorption data with linear regression coefficient (R
2
 =0.991).   
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1. Introduction 

 
1
 Contaminations of aqueous streams with heavy metals 

have become a global concern because of their 

carcinogenicity and delirious effects on human health 

(Smedley and Kinniburgh, 2002). Arsenic, cadmium, 

mercury, copper, iron, zinc and lead are some of the 

potential hazardous, which causes serious threat to the 

environment, animals and human for their high toxicity 

and tendency for bioaccumulation in the food chain even 

in relatively low concentrations. These heavy metals are 

generally discharged from the process industries such as 

metal plating, electroplating, metal finishing, mining, 

battery, pigment, dyestuff and paint (Suantak et al., 2011a 

and King et al., 2008). Various techniques have been 

employed for removal of heavy metals from liquid media, 

including membrane filtration, ion-exchange, solvent 

extraction, chemical precipitation, reverse osmosis, 

cementation, electrodialysis, electro-coagulatation and 

adsorption (Cristina et al., 2009). 

   Arsenic contamination on exposure may cause acute and 

chronic metabolic disorders, such as nerve damage, skin 

damage (hyperkeratosis and pigment changes), circulatory 

problems in skin and cancer risk (lung, bladder, kidney 

and liver). Due to its toxicity to human health, World 

Health Organisation (WHO) and United States 

Environmental Protection Agency (USEPA) the maximum 

contamination limit (MCL) for arsenic in drinking water 

has been lowered from 50 µg/L to10 µg/L (Kundu et al., 
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2004 and Suantak et al., 2011b). However, MCL is still 

high in Bangladesh, China and India, 50µg/L. Thus, 

removal of arsenic from aqueous streams is considered to 

be necessary before discharging to the natural and friendly 

environment. 

    Biosorption is a relatively new and promising field of 

research of biomass wastes for removal of heavy metals 

from contaminated waters (Ratna et al., 2004). Due to a 

low cost and environmentally safe, removal of As(III) 

from liquid phase was performed by biosorption 

technique. The objective of the present investigation is to 

study the efficiency of PB biomass in removal of As(III) 

ion. And analyse the characteristics of biosorbent with the 

help of SEM, EDX and FTIR. Moreover, the working 

environmental parameters affecting the biosorption 

process studied in batch experiment such as pH, 

temperature, doses and contact time were evaluated. 

Moreover, equilibrium was studied using Langmuir and 

Freundlich models.  

 

2. Materials and methods  

 

Biomass preparation 

 

Palm bark biomass collected from the campus of Indian 

institute of Technology, Roorkee, India was used for the 

experiment. The grime contents were removed from PB 

biomass surface by repeated washing with boiling water. 

The wet form of PB bimass was initially air-dried for 5 

hour and then kept in the oven at around 60 
0
C for another 

10-15 hours. The dried biomass was ground, sieved to 

particles size ranges from 1.18 mm to 450 µm and stored 

in polythythene bags.  
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Chemical reagents and equipments 

 

The chemicals, used in the experimental work, were of 

analytical reagent grade and double distilled water was 

used throughout the analysis. Glassware and plasticware 

were cleaned by soaking in nitric acid followed by rinsing 

with distilled water. Stock solution of As(III) was prepared 

by dissolving required amount of sodium arsenite 

(Na2AsO4) in distilled water and treated with 0.1 M HCl. 

Potassium iodide solution was prepared by dissolving 15 g 

of potassium iodide in 100 mL of distilled water and 

stored in brown bottle. Stannous chloride solution was 

prepared by dissolving 40 g of arsenic free stannous 

chloride in 100 mL hydrochloric acid. Lead acetate 

solution was prepared by dissolving 10 g of lead acetate in 

100 mL of double distilled water. Silver 

diethyldithiocarbamate (SDDC) reagent was prepared by 

dissolving 1 g of SDDC in 200 mL of pyridine.  

    A pH meter (pH 510 Eutech Instruments, Cyberscan) 

was used to measure and adjust pH of all experimental 

solution. Scanning electron micrograph (Perkin elmer 

3600, Germany) device was used for biosorbent surface  

characterization operated at 15.0 kV.  

    Further surface characterization of biomass was 

extended by Fourier transformation infrared 

spectrophotometer (Nicolet – 6700, Thermo scientific) 

operating in range of 4000 – 400 cm-
1
 wave number. The 

FTIR analysis was made by using 1% KBr (photometric 

reagent) pellet with sample coupled with 32 cumulative 

scans.  

 

Physical characterization measurements 

 

Batch experiments were carried out in conical flasks by 

adding powdered PB biomass suspended in 100 mL of 

arsenic solution by gently agitating the solution in thermo 

statically orbital shaker at 180 rpm. Optimization of 

parameters i.e., pH, dose and contact time were performed. 

Initial pH value was adjusted by using hydrochloric acid 

and sodium hydroxide. The amount of arsenic sorbed per 

unit mass of the biosorbent (mg/ g) was evaluated by using 

following equation (Suantak et al. 2011b and Wei et al., 

2009) 

 

 

 
 

Fig. 1 (A) Scanning electron micrograph of PB biomass and (B) EDX analysis of PB biomass 
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qe = (Ci – C e) V/ W     ------------------------------------ (1) 

 

Where, Ci and Ce were the initial arsenic concentrations in 

mg/ L and at equilibrium, respectively, V were the volume 

of the arsenic solutions in mL, and W was the weight of 

biosorbent in gms. 

 

Batch analysis 

 

Biosorption for removal of As(III) from the samples was 

conducted by optimizing the parameters like pH, doses, 

contact time and temperature. The desired amount of 

biomass was added and the samples were then agitated 

inside the orbital shaker at 180 rpm.  The batch 

biosorption procedures were carried out at pH 7.5, 

biosorption dosage of 4 g and contact time of 90 minutes. 

Experiment was done by drawing out the samples at 

regular intervals of time and filtered to separate adsorbent 

from liquid phase, then analyzed through the 

spectrophotometer (Arbab and Hashemi, 2000) by SDDC 

method [IS 3025: 1988 and ASTM D 2972: 2008].  

 

3. Results and discussion  

 

SEM and EDX analysis of biosorbent 

 

Characterization of the absorbent was studied using SEM 

micrograph of biosorbent as depicted in the Fig. 1 (A). It 

shows that the adsorbent have an irregular and porous 

surface. The PB biomass was cellulose in nature – based 

material containing tannin and lignin based organic 

compounds (Pokhrel and Viraraghavan, 2008).  

    EDX analysis of biosorption has been represented in the 

Fig. 1 (B), it showed that the morphology behavior of 

adsorption onto the biosorbent and weight percentage of 

chemical compositions available on the surface of 

biosorbent. Hence the existence of proteins and 

polysaccrides inside the biomass cell cover was observed. 

 

Table 1 Physiochemical characteristics of PB biomass 

 

Characteristics analysis  PB biomass 

Proximate analysis  
Moisture (%)  Ash (%)  Volatile (%)  Fixed carbon (%)  

9 6.8 54.4 29.8 

CHNS analysis  
C (%)  H (%)  N (%)  S (%)  

43.41 2.23 2.829 0 

Particle size (mm) =  1.18 Heat intensity (kJ/g) = 19.55  

BET surface area (m
2
/g) = 118.58  Bulk density (kg/m

3
) = 18.43  

 

 
Fig. 2 Fourier transform infrared (FTIR) spectrum of PB biomass in a KBr disc 

 

FT- IR spectral analysis 

 

FTIR spectroscopy method was used to show the 

functional groups present on the surface of the adsorbent. 

As shown in Fig. 2, major differences in the region 

3427.92 cm-1 were ascribed as the vibrations of N-H and 

O-H functional groups. The weak bands at 2920.78 cm
-1

 

were assigned to the C- H stretching mode which 
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represents the aliphatic nature of the adsorbent. The 

absorption bands at around 1634.05 – 1433.83 cm
-1

 were 

characteristics of C=C in aromatics rings. Furthermore, 

peaks at 1070.15 cm
-1

were attributed to Si-O stretching 

and Si-O bending indicating of the silica presence (Soh et 

al., 2009 and Suantak et al., 2011c).  

 

Physical and Chemical Characteristics of PB biomass  

 

Physico-chemical analysis of PB biomass was conducted 

to analyse the percentage removal of moisture content 

(weight loss) of biosorbent as shown in Table 1. 

 

Effect of pH of As(III) onto PB  biomass 

 

The effect of pH has been studied by plotting the curve 

between percentage removal of As(III) versus pH as 

shown in the Fig. 3. It was observed that percentage 

adsorption increased with pH of the liquid phase and 

reached to an optimum value of 86% (removal) at pH 7.5. 

As the pH value became lower than 7.5, electrostatic 

repulsion between metal ion and H+ ion increased and low 

removal of As(III) was obtained. At the pH over 7.5, 

electrostatic repulsion decreases due to low positive 

charge density on the sorption sites and the metal 

adsorption process enhances (Tarun et al., 2008 and 

Budinova et al., 2009). 

 
Fig. 3 Effect of pH on the biosorption of As(III) onto PB  

biomass at 25
o
C 

 

Effect of dose of As(III) onto PB  biomass 

 

Biosorbent dose study was performed ranges from 1 g to 8 

g of biomass represented in Fig. 4. As the amount of 

sorbent dose increased, the percentage of As(III) sorbed 

increased. This indicates the increase in available binding 

sites. However, further increase in sorbent dose (more than 

4 g) did not have any significant effect on As(III) removal. 

Hence, the present investigation found that 4 g of 

biosorbent was the optimum dose and effective percentage 

removal of As(III) from liquid phase. Beyond 4 g there 

was lesser removal of arsenic ion due to saturation of 

pores at the surface of biosorbent (Suantak et al., 2011a 

and Tarun et al., 2008). 

 
Fig. 4 Study of uptake capacity (mg/g) of biosorbent dose 

at pH 7.5, temperature of25 
o
C and 180 

 

Effect of temperature of As(III) onto PB  biomass 

 

Fig. 4 shows that the biosorption of As(III) onto the 

biosorbent was dependent on temperature. Increased in 

percentage biosorption of As(III) was observed as the 

temperature increased from 20 
0
C to 50 

0
C.  Once the 

temperature variation reached at 25 
0
C, optimum level was 

achieved. Hence, further increased in temperature has no 

significant percentage removal of As(III) from the liquid 

phase, due to breaking down of arsenic ion bond on the 

surface of PB  biomass at higher temperature (Ghazvini et 

el., 2009). 

 
Fig. 5 Effect of temperature on As(III) biosorption onto 

PB biomass at pH 7.5, 4g of dose and 180 rpm, 

respectively 

 

Effect of contact time of As(III) onto PB  biomass 

 

Fig. 6 shows that 87.5% removal of As(III) across liquid 

phase was obtained at pH 7.5, temperature of 25 
o
C and 

contact time of 90 minutes, respectively. Futher extension 

of contact time (beyond 90 mins) did not significantly 

effects percentage removal of As(III). This was due to the 

presence of more active sites initially, which decreased 

due to the accumulation of arsenic species and saturation 

of filled active sites (Li et al., 2010). Hence, the present 

investaigation reveals that equilibrium state for contact 

time is achieved at 90 minutes. 
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Fig. 6 Effect of contact time on As(III) biosorption onto 

surface of PB  biomass at pH 7.5, 4 g of dose, 180 rpm and 

temperature of 25 
0
C, respectively 

 
Equilibrium Studies 

 

To describe the equilibrium state for As (III) ion 

biosorption experiments, Langmuir isotherm and 

Freundlich isotherm were tested. Langmuir isotherm 

assumes that there are a finite number of binding sites 

having the same affinity for adsorption of mono layer and 

there is no interaction between adsorbed molecules 

(Suantak et al., 2012). The linearization form of equation 

is expressed as  

 

)1( e

eL

e
Cb

CK
q




   ………………… (2) 

 

where, KL and b are the maximum uptake capacity (mg/g) 

and Langmuir constant related to the capacity (l/mg), 

respectively. Ce is the equilibrium arsenic concentration 

(mg/l). 

    Freundlich isotherm assumes that the adsorption energy 

of a metal binding to a site on an adsorbent depends on 

whether the adjacent sites are already occupied or not 

(Ahmet and Mustafa, 2008). The empirical form of 

equation can be expressed as 

 

)1(
n

efe CKq 
…………………… (3) 

 

where Kf and n are constants for adsorption capacity (l/mg) 

and adsorption intensity, respectively. Batch expirements 

of biosorption of As (III) ion onto BP biomass followed 

Freundlich isotherm model best with high linear regression 

coefficients (R
2
) under optimum conditions as shown in 

Fig. 7 and Table 1, which revealed that biosorption 

occurred on heterogeneous surface of solid biomass. 

 
Fig. 7 Langmuir and Freundlich models for As (III) ion 

removal mediated by biosorption onto BP biomass surface 

(particle size = 1.18 mm, dosage = 4 g, agitation rate = 

180 rpm and pH 7.5). Experimental best data points are 

predicted by Freundlich equation. 

 

Table 2 Parameters of Langmuir and Freundlich models 

for the biosorption of As (III) ion onto BP biomass 

 

Isotherm model 
Temperature 

(
0
C) 

Model parameters 

Langmuir model 25 
KL = 1.03; b = 0.29; 

R
2 
= 0.950 

Freundlich model 25 
Kf = 0.78; n = 1.35, 

R
2 
= 0.991 

 

Conclusion 

 

The present investigation revealed that the maximum 

uptake capacity of biosorbent and total percentage removal 

of As(III) from aqueous medium were 2.31 mg/g and 

87.5%. Physio-chemical optimum parameters were found 

to be 4 g of dose, pH 7.5, contact time 90 minutes and 

temperature 25
o
C, respectively. Whereas, removal of 

As(III) was highly pH dependent and resulting in 

exothermic chemisorptive As(III) ion removal. Hence, the 

present study results clearly support the possibility of 

using PB biomass for removal of As(III) and, possibly, of 

other heavy metals from aqueous solution. The 

equilibrium sorption data was best represented by 

Freundlich isotherm model (R
2
=0.991). Further 

investigation on thermodynamics and kinetics behavior of 

the biosorption can be performed.  
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