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Abstract. This research investigated the ability of Sago Bark (Metroxylon sago) to remove Pb(II) in aqueous solution 
using the batch method. The adsorption of Pb(II) with Sago Bark (Metroxylon Sago) reached the peak at pH 5, contact 
time 60 minutes, initial concentration 600 mg/L, agitation rate 100 rpm, adsorbent dose 0.1 g and adsorption capacity 
31.4375 mg/g. The equilibrium of adsorption revealed that Langmuir isotherm model was fitted better to describe the 
adsorption of Pb(II) onto Sago Bark (Metroxylon sago) indicated by R2 values at 0.8908 and 0.918 for Freundlich and 
Langmuir, respectively. Pseudo-second order yielded a good correlation (R2 = 0.9979) of the experimental data. While 
the thermodynamic study showed a spontaneous with an endothermic process. SEM micrograph and FTIR spectrum 
indicated that porous surface covered by Pb(II) and the wavelength number shifting of hydroxyl and carbonyl groups 
from 3421.10 cm-1 to 3423.54 cm-1 and from 1734.16 cm-1 to 1718.65 cm-1 supported the adsorption of  Pb(II) onto Sago 
Bark (Metroxylon sago). 
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INTRODUCTION 

Industrial development in various fields has affected the environmental ecosystem. These industries discharge 
assorted wastes into the environment such as pesticide, dyes and metal ion [1]. Lead (Pb) is one of dangerous metal 
that is not degradable and can be accumulated in the living creature’s body. The presence of Pb(II) in environment  
is due to the manufacturing of batteries, pulp and paper, printing, electroplating and so forth [1-5]. Therefore, it is 
necessary to remove this metal ion from the environment. Several methods have been used to reduce the heavy 
metals content from aqueous solution such as precipitation, electrochemical, ion exchange, membrane separation, 
coagulation, biological treatment etc. Unfortunately, these methods are ineffective due to the high cost and 
generating of another waste like precipitate or side product [6-10].  

Adsorption is an alternative method of metal ion removal from aqueous solution. Adsorption is inexpensive and 
effective because it exploits a low-cost material to eliminate heavy metal [11-15]. Many researchers have reported a 
various low-cost adsorbents such as bombax buonopozense [1], pongamia pinnata tree and natural adsorbent [5], 
agricultural waste [2-4], coconut shell [11], algae [15], orange peel [16], clay [17], tea residue [18], coconut husk 
[19], household waste [20], shell and seeds of kelengkeng fruit [21], papaya leaves and petai peels [22], nypa 
fruitcans Merr shell [23], mangosteen [24] and so forth. Hence, this research aim is the utilization of sago bark 
(Metroxylon sago) which is a solid waste of sago starch from processing industry as the low-cost adsorbent to 
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eliminate Pb(II) from a dilute solution. This research was carried out by batch method and the characterization of 
sago bark was conducted using AAS, FTIR and SEM-EDX.  

MATERIALS AND METHODS 

Sago (Metroxylon sago) barks were collected from local area of West Sumatra, Indonesia. Lead nitrate 
(Pb(NO3)2), sodium hydroxide (NaOH), Nitric acid (HNO3) and distilled water. All of reagents were got from 
Merck, Germany. Sago barks were washed and dried. Then, it was grinded and soaked in HNO3 0.01 M for 2 hours. 
The powder of sago barks were washed with distilled water to remove the acid excess. Next, it was dried to remove 
the water. Batch method was carried out under certain parameters such as pH, contact time, agitation rate and initial 
concentration. Concentration residue of metal ions was measured by AAS (AA240 Atomic Absorption 
Spectrophotometer). Characterization of sago bark was done by FTIR (Unican Mattson Mod 7000 FTIR) and 
SEM-EDX (Hitachi S-3400N).  

RESULTS AND DISCUSSION 

Effect of pH on Pb(II) Adsorption 

pH has an effect to the functional group on the surface of biosorbent. Figure 1 shows the adsorption capacity of 
sago bark increased from pH 2 to 5. Optimum adsorption capacity of Pb(II)  was achieved at pH 5 with adsorption 
capacity of 1.5049 mg/g. This phenomenon was due to the high concentration of H3O+ at lower pH which competes 
with Pb(II) for an active site on the biosorbent surface. At pH above 5, there was solvation and hydrolysis of metal 
ions to form soluble hydroxilated complexes that competes for an active site [2]. The occurrance of hydrated species 
of metal ions leads to form a precipitation of the appropriate salt that may cause the reduction of adsorption capacity 
[1].  Other researches that have been conducted Pb(II) removal from selected agricultural waste [2], coffee husk [4] 
and biomass of maize stover [5] showed the same adsorption pattern which reached the optimum condition at pH 5.  

Effect of Contact Time on Pb(II) Adsorption 

Contact time is the time required by the adsorbent and metal ions to interact properly. The adsorption capacity did 
not significantly change from 5 to 30 minutes. It revealed that the optimum contact time of sago bark was achieved 
at 60 minutes with adsorption capacity 1.5049 mg/g (Fig. 2). Then, it was slightly decreased after 60 minutes due to 
driving force and availability of the active site [3, 4]. At the beginning, the adsorption process occurred rapidly 
related to the availability of active sites supporting the adsorption process. As the time passed, the availability of a 
vacant surface decreased as the active sites bonded with Pb(II). Thus, the adsorption capacity of  sago bark 
decreased. Other adsorbents which have been reported for the adsorption of Pb(II) such as tea leaves [6], Pongamia 
pinnata Tree Bark [7] and natural adsorbent [8] reached the equilibrium at contact time of 75 minutes, 60 minutes, 
and 150 minutes, respectively. 

Effect of Agitation Speed on Pb(II) Adsorption 

The agitation speed affected the contact time between Pb(II) and sago bark. Figure 3 shows that the optimum 
agitation speed was reached at 100 rpm with adsorption capacity 1.5049 mg/g. At the lower agitation speed, 
adsorbent was accumulated resulting in an ineffective adsorption [25]. Then, the adsorption capacity of sago bark 
was gradually decreased and achieved equilibrium at agitation rate 150 rpm. It could be assumed that Pb(II) has 
bonded with the free active site due to the low affinity toward active site.  Hence, the agitation speed of 100 rpm was 
chosen for the optimum condition.   

Effect of Temperature on Pb(II) Adsorption 

Figure 4 revealed that the adsorption capacity of Pb(II) on sago bark increased from 298 to 318 K. It means the 
adsorbent could resist not only at room temperature but also at higher temperature. Other research has been reported 
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the adsorption of Pb(II) using maize stover  and the result showed that the adsorption capacity decreased as the 
temperature increased due to releasing of Pb(II) from active site as temperature increased [5]. 

 
 

 

 

 
FIGURE 1. Effect of pH on the adsorption of Pb(II), 

initial concentration 20 mg/L, contact time 60 minutes, 
agitation speed100 rpm and bio sorbent mass 0.1 g.  

 FIGURE 2. Effect of contact time on the adsorption of 
Pb(II), at pH 5 for Pb(II), initial concentration 20 mg/L, 

agitation speed 100 rpm and adsorbent mass 0.1 g. 
 

 

 

 
FIGURE 3. Effect of agitation speed on the 

adsorption of Pb(II), at pH 5 for Pb(II), initial 
concentration 20 mg/L, contact time 60 minutes and 

adsorbent mass 0.1 g. 

 FIGURE 4. Effect of temperature on the adsorption 
process, at pH 5 for Pb(II), agitation speed 100 rpm, 
contact time 60 minutes and adsorbent mass 0.1 g 
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FIGURE 5. Effect of Pb(II) concentration on the adsorption process, 
at pH 5 for Pb(II), agitation speed 100 rpm, contact time 60 minutes 

and adsorbent mass 0.1 g 

Effect of Initial Concentration on Pb(II) Adsorption 

As seen in Figure 5, the adsorption capacity of sago bark is proportional to the initial concentration within range 
of 20-400 mg/L. At the lower concentration, there was enough number of active site to interact with Pb(II). As the  
initial concentration increased, the number of active site also decreased and became saturated. This was affected to 
the lowering adsorption capacity [5, 6]. As the concentration increased, the active site remained. The maximum 
adsorption capacity of sago bark was 31.4375 mg/g at initial concentration of 600 mg/L. 

Adsorption Isotherm Model 

The adsorption equilibrium was studied by Langmuir and Freundlich models. The Langmuir model was set by 
the following equation:  

!"
!" =

!
!"#$.!" +

!"
!"#$ 		 (1)	

where Ce is the equilibrium concentration of the adsorbate (mg/L), qe is adsorption capacity at equilibrium (mg/g), 
Qmax and KL are maximum adsorption capacity (mg/g), and Langmuir equilibrium constant (L/mg), respectively. 
Langmuir model assumed a monolayer adsorption process on homogeneous surface with limited number of identical 
sites and the interaction between adsorbed molecules is negligible [26]. Freundlich model was expressed by the 
following equation:  

!" !" = !" !! + 1
! !" !" 	 (2)	

where qe is adsorption capacity (mg/g), KF is Freundlich constant (L/mg) and 1/n is Freundlich adsorption intensity. 
Freundlich model indicates multilayer adsorption process [27]. Figure 6 indicates that KL and KF are 0.1889 L/mg 
and 5.9996 L/mg, respectively. The determination coefficient shows that Langmuir isotherm model (R2 = 0.918) fits 
better than Freundlich isotherm model (R2 = 0.8908) indicating that adsorption of Pb(II) onto sago bark is a 
monolayer.  

Adsorption Kinetic 

In this study, pseudo-first order and pseudo-second order kinetic were required to explain the adsorption of 
Pb(II) on sago bark.  Pseudo-first order model was given by the following Lagergren equation [28]:  
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where qe and qt are adsorption capacities of sago bark at equilibrium and at t (mg/g), k1 is pseudo-first-order kinetic 
constant (min-1).  As seen in Fig. 7a, the coefficient determination of pseudo-first order is 0.5537 and k1 is -1.38x10-3 
min-1. Meanwhile, pseudo-second order was expressed by the equation [29]:  

!
!!
= !

!!!!!
+  !!!   (4) 

where t is time (minutes), qt is adsorption capacity at the time (mg/g), qe and k2 are adsorption capacity at 
equilibrium (mg/g) and pseudo-second order constant (g/mg.min), respectively. Figure 7b indicates that R2 of 
pseudo-second order is 0.9979 and k2 is 0.03251 g/mg.min. This result explained that adsorption of Pb(II) on sago 
bark obeyed the pseudo-second order kinetic and implied a chemisorption process [9-11]. 
 
 

 

 

 
(a)  (b) 

FIGURE 6. Adsorption isotherm of Pb(II) on sago bark (a) Langmuir (b) Freundlich 
 

 

 

 
(a)  (b) 

FIGURE 7. Adsorption kinetic of Pb(II) on sago bark (a) pseudo-first order, (b) pseudo-second order  
 

TABLE 1. Termodynamic parameters of Pb(II) Adsorption on sago bark 

T (K)	 (kJ/mol)	 (kJ/mol)	 (J/mol.K)	

298	 -4.065	 15.576	 65.204	
308	 -4.058	
318	 -5.398	
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(a) 

 

 
(b) 

FIGURE 8. FTIR spectrum of sago bark (a) before and (b) after Pb(II) adsorption   
 
 

 

 

 
(a)  (b) 

FIGURE 9. SEM image of sago bark (a) before and (b) after Pb(II) adsorption magnification 1000 times 
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Thermodynamic 

The thermodynamic parameters depend on temperature. The experiment was conducted within the temperature 
range of 298-318 K. These parameters were explained by Van’t Hoff equation. As seen in Table 1, the G has a 
negative value indicating a spontaneous reaction. The G decreased as the temperature increased. The positive value 
of H (15.576 kJ/mol) described an endothermic consequence of deprotonation and diffusion process [12].  The 
disorder of Pb(II) adsorption increased which was indicated by the positive value of S (65.204 J/mol.K) [9, 12, 30].  

Characterization of Sago Bark 

Characterization of sago bark was carried out by FTIR and SEM-EDX.  Figure 8 revealed functional groups exist 
in sago bark. The band at 3421.10 cm-1 was attributed to O-H (the intra-molecular H-bonded). Whereas, the band at 
1734.16 cm-1 was C=O. After Pb(II) uptake onto sago bark, there was a shift from 3421.10 cm-1 to 3423.54 cm-1 for 
OH group. While, C=O group was shifted from 1734.16 cm-1 to 1718.65 cm-1. This shift proved that the adsorption 
process has occurred. SEM image indicated the porous surface of sago bark. This pore supported the adsorption 
process of Pb(II) on sago bark shown by the smooth surface of sago bark after Pb(II) adsorption (Fig. 9).   

CONCLUSIONS 

Sago bark could be used as an adsorbent for Pb(II). The adsorption process followed the Langmuir isotherm 
model which means a monolayer adsorption. Kinetic study revealed the pseudo-second order model fits better to 
describe Pb(II) uptake onto sago bark. The thermodynamic suggested an endothermic reaction.  
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