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Adsorption behavior of Pb(II) onto xanthated rubber (Hevea brasiliensis) 
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A plant waste, rubber (Hevea brasiliensis) leaf powder was modifi ed with carbon disulfi de (xanthation) 
for the purpose of introducing sulfur groups, and the adsorbent performance in removing Pb(II) ion 
was evaluated. Pb(II) adsorption was confi rmed by spectroscopic analysis, which involved Fourier trans-
form infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDX). The amount of Pb(II) adsorbed increased with increasing pH, contact time and 
concentration but slightly decreased with increasing ionic strength. Adsorption equilibrium was achieved 
in less than 60 min and followed the pseudo-second order model. The isotherm data indicated that Pb(II) 
adsorption on xanthated rubber leaf (XRL) fi tted well with Langmuir isotherm model. The maximum 
adsorption capacity computed from the Langmuir isotherm model was 166.7 mg/g. Pb(II) adsorption 
occurred via ion-exchange and complexation mechanisms. 

Keywords: Adsorption, Isotherm, Kinetic, Lead, Xanthated rubber leaf powder.

INTRODUCTION

Lead is one of the most toxic heavy metals widely used 
in battery, paint, electronic, chemical and fertilizer1,2. 
Lead can enter the human body through inhalation or 
ingestion, which may lead to various chronic diseases 
such as anemia, headache, diarrhea and reduction in 
hemoglobin formation3. Due to its toxic properties, many 
governments have introduced stringent acts, which are 
compulsory to be followed by industries. According to 
Malaysian Environmental Quality (Industrial Effl uents) 
Act (1974), the permissible level of lead in the effl uent 
(Standard B) is 0.50 mg/L4. 

Adsorption technique can be an alternative to conven-
tional methods such as precipitation or coagulation with 
advantages such as lower cost, effi cient at low concentra-
tion of heavy metals, easy to handle and reducing a sludge 
disposal problem5. Adsorbents  from agricultural wastes 
are able to remove heavy metals due to the presence 
of various functional groups such as hydroxyl, amino, 
carboxyl and ether, which function as the active sites6. 
Large quantities of matured rubber leaves from rubber 
plantations can pose a disposal problem and in order to 
overcome this problem, it can be used as an adsorbent. 
Therefore, the usage of this adsorbent could benefi t the 
environment and the industries. Recently, chemical modi-
fi cation of adsorbent has attracted researchers since this 
method can enhance the adsorption capacities of heavy 
metal ions and improve the recyclability of adsorbent7. 
Hanafi ah et al.8 reported a low adsorption capacity of 46 
mg/g Pb(II) ion by untreated rubber leaf powder. The 
maximum adsorption capacity of rubber leaf powder 
increased to 95 mg/g after modifi cation with KMnO4 
followed by Na2CO3

6. There is however, a need to dis-
cover another chemical modifi cation which can give a 
much higher value of adsorption capacity than untreated 
rubber leaf. For instance, xanthated orange peel was re-
ported to have an increase of 150% adsorption capacity 
of Pb(II) in comparison to pristine sample9. Xanthation 

is a modifi cation process that introduces sulfur-bearing 
groups on the adsorbent surface. According to Liang 
et al.9 sulfur group shows good affi nity for heavy metal 
ions but low affi nity for light metal ions.  

This study highlighted the application of chemically 
modifi ed rubber leaf powder via the xanthation process 
for removing Pb(II) from aqueous solutions. The main ob-
jective of this research was to characterize the xanthated 
rubber leaf powder by spectroscopic and quantitative 
analyses for understanding Pb(II) adsorption behavior. 
The effects of various physicochemical parameters on 
adsorption effi ciency of Pb(II) particularly pH, initial 
Pb(II) concentration, contact time and ionic strength 
were investigated. The desorption study was conducted 
using various concentrations of HCl and EDTA. 

EXPERIMENTAL

Chemical and adsorbent collection
Lead(II) nitrate stock solution (1000 mg/L) was pur-

chased from Spectrosol (England) and desired concentra-
tions of Pb(II) were prepared by dilution with deionized 
water. All chemicals used were of analytical reagent grade. 
Matured, brownish rubber leaves were collected from 
Universiti Teknologi MARA Pahang rubber plantation, 
Malaysia during the dry period (February – March 2010). 
To remove the dirt or adhering particles, the leaves were 
washed thoroughly with water before drying in an oven 
at 105oC for 24 h. They were later ground and sieved to 
obtain particle size of <180 μm by using a mechanical 
grinder. The untreated rubber leaf powder (URLP) was 
stored in a container for further treatment. 

Preparation of xanthated rubber leaf powder
 The xanthation process was performed according to 

the previous method9 with some modifi cation. Fifteen 
grams of URLP and 200 mL (4.0 M) sodium hydroxide 
were mixed in a 250 mL conical fl ask. The mixture was 
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Table 1. Physicochemical properties of XRL

stirred for 3 h at room temperature (30 ± 0.5oC) and 
for another 3 h after the addition of 10 mL carbon 
disulfi de. Treatment with NaOH will result in the forma-
tion of alkoxide (-CH2O-) group. This alkoxide group is 
easier to be converted into the  xanthate group10. The 
xanthation process can be represented by the following 
equations:
RCH2OH + NaOH → RCH2ONa + H2O (1)
RCH2ONa + CS2 → RCH2OCS2Na (2)

After allowing the mixture to settle for 30 min, the 
supernatant was decanted. The xanthated rubber leaf 
powder was extensively washed with 200 mL deion-
ized water 20 times to remove excess base. Finally, the 
xanthated rubber leaf powder was dried in an oven at 
50oC for 24 h. The xanthated rubber leaf powder was 
designated as XRL. 

Characterization of XRL
Possible mechanisms involved in the adsorption pro-

cess between Pb(II) ion and XRL can be predicted 
by performing adsorbent characterization. Functional 
groups present in XRL were identifi ed using the Fourier 
transform infrared (FTIR) spectrometer (Perkin Elmer, 
spectrum RXI, USA). A scanning electron microscope 
(SEM; LeoSupra VP50, Carl-Zeiss SMT, Germany) cou-
pled with energy dispersive X-ray (EDX) spectrometer 
were used to determine the surface morphology and 
elemental composition on XRL. Micromeritics ASAP 
2010 gas adsorption surface analyzer was used to de-
termine surface area and average pore diameter. The 
composition percentage of sulfur and other nonmetallic 
elements such as nitrogen, carbon, hydrogen and oxygen 
was determined using CHNS analyzer (Slash EA 2000, 
Italy). The pH of aqueous slurry (pHslurry) was determined 
by mixing 0.50 g XRL with 50 mL deionized water and 
the mixture was left for 24 h before reading the fi nal 
pH. Solid addition method11 was used to determine 
the pH of zero point charge (pHZPC). The process was 
conducted as follows: 0.50 g XRL and 50 mL (0.01 M) 
KNO3 were added into a series of Erlenmeyer fl asks 
with initial pH in the range of 2–11. The initial pH value 
was adjusted by adding drops of 1.0 M NaOH or HCl 
solutions. After 24 h, the fi nal pH of the solution was 
measured using a pH meter (Jenway 3305, UK). The ash 
content was determined by combusting 1.0 g XRL in a 
furnace (Carbolite, England) at 550oC for 2 h.

Batch adsorption experiments
All Pb(II) adsorption experiments were conducted 

in the batch  mode and were duplicated. The results 
for adsorption experiments showed that the relative 
standard deviation (RSD) was lower than 5%. The ef-
fects of pH, initial Pb(II) concentrations and contact 
time were studied and all experiments were conducted 
at room temperature (30 ± 0.5oC) in stoppered 100 
mL Erlenmeyer fl asks with XRL dosage of 0.02 g, 
initial Pb(II) concentration of 40 mg/L, 50 mL volume 
of Pb(II) solution at pH 4, and shaking speed of 120 
stroke/min for 90 min (unless stated otherwise). The 
effect of pH on Pb(II) adsorption was studied at the 
pH range of 2–5. The experiment was not performed 
at higher pH values to avoid Pb(II) precipitation12. The 
effects of initial Pb(II) concentration and contact time  

were carried out by shaking a known weight of XRL 
with different Pb(II) concentrations (20, 40, 80 mg/L) 
at various contact times (0–90 min). Isotherm study was 
conducted by mixing 0.02 g XRL with 50 mL of Pb(II) 
solutions at different concentrations (20–200 mg/L) and 
was shaken for 90 min (equilibrium time). The effect 
of ionic strength was investigated by using NaCl as the 
ionic medium. The concentration of NaCl was varied 
from 0.001 to 0.05 M. For desorption study, a strong 
acid (HCl) and a chelating agent (EDTA) were used 
as desorbing solutions and deionized water was used as 
control. After loading with 50 mL (40 mg/L) of Pb(II) 
solution, the metal-laden adsorbent was fi ltered and dried 
in an oven at 80oC for 1 h. Dried metal-laden adsorbent 
was added into 50 mL of different concentrations of 
HCl or EDTA. The mixture was shaken for 1 h, and 
separated by fi ltration on Whatman No. 42 fi lter paper. 
The fi ltrates containing Pb(II) ion were analyzed using 
an atomic absorption spectrophotometer (Perkin Elmer, 
AAnalyst 800 model, USA) at wavelength of 283.3 nm. 
After analysis, the amount of Pb(II) adsorbed (qe, mg/g) 
and percent removal were calculated by using eqs. (3) 
and (4), respectively:

 (3)

 (4)

where Co and Ce are Pb(II) concentration before and 
after adsorption (mg/L), respectively; V  is the Pb(II) 
volume (L), and m is the weight of XRL (g). The per-
centage of desorption (Dp) of Pb(II) was determined 
by using eq. (5):

 (5)

where C(des) and C(ads) are Pb(II) concentration (mg/L) 
desorbed and adsorbed, respectively.

RESULTS AND DISCUSSION

Characterization of XRL 
Based on CHNOS analysis (Table 1), the major el-

emental compositions in XRL are carbon, oxygen and 
the lowest content is nitrogen. In a previous study, sulfur 
was not detected in the raw rubber leaf powder13. How-
ever, after the xanthation process, there was an increase 
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in the content of sulfur which indicated a successful 
introduction of sulfur bearing group on XRL surface. 
As the treatment was carried out under alkaline solu-
tion, XRL is therefore slightly basic as indicated by the 
pHslurry value. The pHZPC value was close to the pHslurry 
value (Table 1), which indicated that at this pH, the XRL 
surface has net neutrality. Adsorption of cations will be 
more favorable at pH > pHZPC because the adsorbent 
surface carries more negative charge.

The high ash content in XRL is commonly associ-
ated with the presence of high metallic content such as 
calcium and sodium, which will form metal oxides upon 
combustion. The surface area of XRL was determined 
by using Langmuir and Brunauer-Emmett-Teller (BET) 
equations. BET is applicable to heterogeneous surface 
while Langmuir is based on monolayer adsorption and 
their values are shown in Table 1. The low values of 
BET and Langmuir surface areas indicated that XRL 
has low porosity. This also means that Pb(II) would be 
adsorbed on the external XRL surface.

Agro-waste materials have cellulose, hemicellulose 
and lignin as the major components. Therefore, FTIR 
analysis was conducted to identify possible functional 
groups in XRL which could serve as active sites for 
Pb(II) adsorption. A comparison of FTIR spectra of 
URLP, XRL and Pb(II) loaded XRL is shown in Fig. 
1. URLP spectrum (Fig. 1a) showed a number of ad-
sorption peaks and a previous study by Wan Ngah and 
Hanafi ah13 indicated that rubber leaf powder contains 
hydroxyl, amino, aromatic, carboxylic acid and ether 
groups. These functional groups can act as adsorption 
sites, which are capable of binding heavy metal ions via 
various mechanisms such as physical adsorption, ion 
exchange, chelation and complexation.

The FTIR spectrum of XRL (Fig. 1b) showed some 
shift in wavenumbers or reduction in intensity after 
the xanthation process. The intensity of the shoulder 
at 1731 cm-1 in URLP was reduced upon chemical 
treatment, suggesting the conversion of carboxylic acid 
or ester to carboxylate. The presence of –C=S group 
was confi rmed by the peak at 1432 cm-1. The FTIR 
spectrum of Pb(II) loaded XRL (Fig. 1c) showed some 

Figure 1. FTIR spectra of (a) URLP, (b) XRL and (c) XRL after Pb(II) adsorption

shift in wavenumbers. The peak at 3433 cm-1 shifted to 
3445 cm-1 after Pb(II) adsorption, which could indicate 
the involvement of –OH (hydroxyl) and –NH2 (amine) 
groups in forming complexes with Pb(II) ion. The shift in 
wavenumber from 1432 cm-1 to 1399 cm-1 would suggest 
the binding of Pb(II) to sulfur groups. The formation 
of bond between C-O-C and Pb(II) ion could be identi-
fi ed by the shifting of peak at 1030 cm-1 to 1026 cm-1. 
Based on the FTIR spectra, -OH, -NH2, -COO-, C-O-C 
and -C=S were identifi ed as the main functional groups 
involved in Pb(II) adsorption. According to ‘Hard and 
Soft Acid Base’ (HSAB) concept14, Pb(II) can be clas-
sifi ed as a ‘borderline’ metal ion. Therefore Pb(II) can 
form a covalent complex with a soft base like xanthate 
group or ionic complexes with hydroxyl, carboxylate, 
ether and amino groups. As Pb(II) is able to induce a 
dipole or polarizable, this results in a higher affi nity of 
xanthate group towards Pb(II).

The SEM images and EDX spectra of XRL are shown 
in Fig. 2. The SEM image of XRL before Pb(II) ad-
sorption (Fig. 2a) showed uneven surface and irregular 
structure, which could favor the adsorption of Pb(II). The 
EDX spectrum indicated the presence of Na+ and Ca2+ 
(light metal ions) at 1.0, 3.7 and 4.0 keV, respectively. 
These light metal ions are nutrients in plants and treat-
ment with NaOH would increase the content of Na+ in 
XRL. As FTIR spectrum of XRL (Fig. 1) suggested the 
presence of xanthate group, EDX analysis on sulfur was 
also carried out. The sulfur peak which was not detected 
in the FTIR spectrum of URLP emerged at 2.3 and 2.4 
keV in the EDX spectrum of XRL (Fig. 2b). This is a 
confi rmation of successful introduction of sulfur group 
after the xanthation process. The adsorption of Pb(II) 
on XRL surface can be proven by the appearance of Pb 
peaks at 2.35 and 9.1 keV. It is most likely that there 
are two major possible mechanisms involved in Pb(II) 
adsorption on XRL. Firstly, the light metal cations at-
tached to the adsorption sites are exchanged with Pb(II). 
As shown in Fig. 2a, the weight percent of sodium and 
calcium in XRL are 1.19% and 2.60%, respectively. Af-
ter Pb(II) adsorption, the values dropped to 0.67% and 
0.44%; respectively, thus suggesting ion exchange process 
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as a mechanism involved in Pb(II) removal. Secondly, 
the ligands in XRL can form bond with Pb(II) via the 
complexation process. This is consistent with the fi nd-
ings by Homagai et al.15 in the adsorption of Pb(II) on 
xanthated sugarcane bagasse.

Effect of pH
As shown in Fig. 3, adsorption of Pb(II) was very 

low at pH 2. This was due to Pb(II) ions which  had 
to compete with a high number of hydronium ions for 
adsorption sites. As more H3O+ were attached to the 
XRL surface, the repulsive force between Pb(II) ion and 
adsorption sites became much stronger. As pH increased 
from 2 to 4, a drastic increase in the amount of Pb(II) 
adsorbed was observed. This pH region is commonly 
associated with the dissociation of carboxyl group and 
can be called ‘pH adsorption edge’16. Hence, Pb(II) ion 
could be adsorbed to the negatively charged carboxylate 
(-COO-) group. Beyond pH 4, there was no signifi cant 
increase in the amount of Pb(II) adsorbed. Based on 
this fi nding, pH 4 was considered as the optimum pH 
for subsequent Pb(II) adsorption. 

Figure 2. SEM at 500X magnifi cation and EDX spectra of XRL (a) before and (b) after Pb(II) adsorption

Figure 3. Effect of pH on Pb(II) adsorption by XRL (adsorbent 
weight: 0.02 g, volume: 50 mL, shaking speed: 120 
stroke/min, equilibrium time: 90 min, initial Pb(II) 
concentration: 40 mg/L)

Effect of initial Pb(II) concentrations and contact time
Initial metal concentration is another important factor 

that affects the amount of Pb(II) adsorbed, which can 
also give important information on the driving force to 
transport adsorbate to the adsorbent surface. The driving 
force increases with increasing the concentration of metal 
solution and a higher probability of collision between 
the adsorbate and adsorbent surface could occur17. As 
shown in Fig. 4, the amount of Pb(II) adsorbed increased 
from 48.15 to 130.63 mg/g as the Pb(II) concentration 
was increased from 20 to 80 mg/L, respectively. The 
time required to reach equilibrium was 20 min for 20 
mg/L Pb(II), but increased to 60 min for 80 mg/L. At 
a low Pb(II) concentration, there would be plenty of 
adsorption sites available. The ratio of Pb(II) ion to 
the number of adsorption sites, however increased as 
Pb(II) concentration increased. Therefore, more time 
was required to allow more Pb(II) ions to be adsorbed. 
In order to ensure  the maximum removal of Pb(II), a 
contact time of 90 min was selected for isotherm studies.

The study on adsorption kinetic is useful for determin-
ing the rate determining steps (fi lm diffusion, intraparticle 
diffusion, etc.) which control the time taken for Pb(II) to 
be adsorbed on XRL. The pseudo-second order kinetic 
model was applied and it is based on the assumption that 
the rate determining step is due to chemisorption18,19. 
The pseudo-second order kinetic equation is given by:

 (6)

where h = k2qe
2 can be regarded as the initial adsorption 

rate and k2 is the rate constant of pseudo second-order 
adsorption. From Table 2, a high correlation coeffi cient 
(>0.99) was obtained for all Pb(II) concentrations. The 
calculated values of adsorption capacities (qe,cal) and the 
experimental values (qe,exp) were close to each other. 
This would suggest that the pseudo-second order model 
fi tted well with the adsorption data and chemisorption 
could be the rate-determining step. 
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Table 2. The pseudo-second order parameters at different 
concentrations of Pb(II)

Figure 4. Effect of initial Pb(II) concentration and contact 
time of Pb(II) adsorption by XRL (adsorbent weight: 
0.02 g, pH: 4, volume: 50 mL, shaking speed: 120 
stroke/min)

Figure 5. Adsorption isotherm plot. Inset: Linearized Langmuir 
plot (adsorbent weight: 0.02 g, pH: 4, volume: 50 
mL, shaking speed: 120 stroke/min, initial Pb(II) 
concentration: 20  –200 mg/L, equilibrium time: 90 
min)

Table 3. A comparison of maximum adsorption capacity of Pb(II) by different adsorbents

Adsorption isotherm
According to Sun et al.20, the  adsorption isotherm 

describes the relationship between the amount of the  
adsorbate adsorbed per unit weight of adsorbent and 
the concentration of the adsorbate in bulk solution at a 
given temperature under equilibrium conditions. Other 
important information that can be obtained from an 
isotherm study is adsorption mechanisms, surface prop-
erties and affi nity of an adsorbent towards heavy metal 
ions21. The most commonly used isotherm models is the 
Langmuir model, developed based on the assumptions 
that adsorption occurs at specifi c homogenous sites on the 
adsorbent22. The Langmuir equation can be written as:

 (7)

where qmax is the maximum adsorption capacity (mg/g) 
and b is a constant (L/mg). The Langmuir plot of Pb(II) 
ion is shown in Fig. 5. The values of qmax, b and correla-
tion coeffi cient (R2) are 166.7 mg/g, 0.30 L/mg and 0.998, 
respectively. In general, the isotherm plot showed that 
the adsorption capacities increased with increasing initial 
Pb(II) concentrations until the XRL surface reached 
saturation. The shape of the isotherm plot obtained was 
“L2” type isotherm according to the Giles classifi cation 

system23. It is an indication of chemical adsorption and 
refl ects a relatively high affi nity or strong interaction 
between Pb(II) and the adsorption sites. Since the values 
of qmax and R2 are high, this indicated that adsorption 
of Pb(II) onto XRL fi tted well to Langmuir isotherm 
model and suggested a monolayer adsorption behavior. 
The qmax recorded from this work was three times higher 
than untreated rubber leaf powder8. Therefore, it can 
be concluded that xanthation is an effective treatment 
process to improve adsorbent performance for Pb(II). 

The performance of XRL was compared with other 
adsorbents cited in the literature based on the values of 
maximum adsorption capacity (qmax) as shown in Table 3. 
It was found that XRL recorded a much higher value of 
adsorption capacity compared to other agricultural wastes. 
XRL is seen as having a great potential to replace the 
costly activated carbon since rubber leaves are highly 
abundant, have high adsorption capacity to remove Pb(II) 
and the preparation method of XRL can be considered 
as relatively easy. This study also indicated that surface 
area is not the only factor that infl uences the amount of 
adsorbate adsorbed as XRL having a very low surface 
area recorded a much higher adsorption capacity than 
activated carbon derived from the palm shell.

Effect of ionic strength 
Generally, wastewaters do not only contain heavy 

metal ions but also different kinds of cationic and ani-
onic species30. The composition of these species varies 
depending on the types of industries. The effect of 
ionic strength was studied in order to determine the 
behavior of Pb(II) adsorption in the presence of cations 
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and anions. Five different concentrations of NaCl were 
used and the results are shown in Fig. 6. The amount 
of Pb(II) adsorbed was slightly reduced as more NaCl 
was added into Pb(II) solutions. In the absence of NaCl, 
XRL recorded the highest amount of adsorption (77.83 
mg/g). However, this value dropped to 68.75 mg/g as 
the concentration of NaCl was increased to 0.05 M. 
This indicated that Pb(II) had to compete with Na+ 
for the adsorption sites. Another possible explanation is 
the formation of lead chloro-complexes such as PbCl+, 
PbCl2,  and , which resulted in low affi nity 
of XRL for these complexes. 

Desorption studies
 Elucidation of adsorption behavior can be detected 

from desorption studies31 and the percentage of desorp-
tion is shown in Table 4. The fact that not all Pb(II) 
ions could be desorbed from  the XRL surface suggests 
that chemical adsorption was involved during the Pb(II) 
adsorption process. In general, the desorption percentage 
increased with the increase in HCl and EDTA concen-
trations. Between the two desorbing solutions, EDTA 
recorded a higher percentage of desorption than HCl. 
EDTA is a chelating agent that has hexavalent ligand, 
and is capable of forming complexes with Pb(II) through 
two amines and four carboxylates. Therefore, EDTA 
performs better in trapping Pb(II). As Pb(II) ions were 
also able to be desorbed by HCl, this would suggest 
that ion-exchange is one of the important mechanisms 
involved in Pb(II) adsorption. Proton (H+) is a hard 
acid and can displace the Pb(II) ions that are attached 
to hard base groups. This explains the ability of protons 
to desorb Pb(II) through acid washing. Washing with 
deionized water,  however did not exhibit any recovery 
of Pb(II). Regeneration of XRL for several cycles was 
not conducted as the method could lead to a reduction in 
the amount of Pb(II) adsorbed and would be costly since 

Figure 6. Effect of ionic strength on Pb(II) adsorption (adsor-
bent weight: 0.02 g, pH: 4, volume: 50 mL, shaking 
speed: 120 stroke/min, initial Pb(II) concentration: 40 
mg/L, NaCl concentration: 0.001–0.05 M, equilibrium 
time: 90 min)

Table 4. Desorption of Pb(II) by HCl and EDTA as desorbing 
solutions at various concentrations

chemicals are used for desorption purpose. Furthermore, 
unlike synthetic ion-exchange resins, rubber leaves are 
highly abundant, can be considered as a much cheaper 
adsorbent and the Pb(II) laden XRL can be disposed 
by means of incineration.

CONCLUSIONS

The performance of XRL in removing Pb(II) has been 
evaluated and it was found that XRL can act as a potential 
adsorbent in wastewater treatment since XRL recorded a 
high adsorption capacity. The amount of Pb(II) adsorbed 
was infl uenced by pH, initial Pb(II) concentration, con-
tact time and ionic strength. The kinetic data followed 
the pseudo-second order model, suggesting chemical 
adsorption as the rate-determining step. The isotherm 
plot agreed with the Langmuir model, an indication of 
monolayer adsorption of Pb(II) on XRL surface. EDTA 
was more effective in releasing Pb(II) from XRL surface 
than protons. Possible mechanisms involved in the Pb(II) 
adsorption onto XRL surface include ion-exchange and 
complexation as supported by FTIR spectra, SEM-EDX 
analysis and desorption studies. 
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