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ABSTRACT
Lead is one of the industrial wastes that can be harmful to the living environment. Adsorption is one of the effective
processes for the removal of lead. For this process, an adsorbent media is needed, and the preferred kinds are
commonly those based on bio-materials as not only they are abundant and low-cost but also reported to have high
effectivity. However, activated carbon as a stand-alone material has a low adsorption efficiency hence modification
or combination with another material is needed. This research offers to explore the potential of activated carbon
from coconut coir combined with activated bentonite as a hybrid adsorbent to remove lead contaminants. In this
work, adsorbents were prepared in various combinations such as pure bentonite (with and without activation),
coconut coir (with and without activation), and various activated bentonite-pure coconut coir. The obtained results
disclose that the combined bio sorbent has a good adsorption performance in removing lead with a maximum
adsorption capacity of 182.71 mg/g at an equilibrium time of 90 minutes.
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INTRODUCTION
Water pollution that occurs due to human activities or natural processes has a negative impact on the
dynamics of water ecosystems.1 Most water contamination is caused by wastes generated from industrial
activities.2 Along with the increase of the growth of industrial processing, the generation of waste also
increases predominantly wastewater. The water pollutant component generated from industrial,
household, and laundry wastewater is lead (Pb).3 The heavy metal lead is hazardous to the environment as
it is carcinogenic and non-biodegradable. In natural aquatic systems, there are many elements of lead
which are often found in the form of Pb(OH)2, which accumulates in the bodies of animals and humans.
Lead is a heavy metal that has a high affinity, so it is easy to join. At high doses, Pb(OH) 2 in the human
body can cause poisoning symptoms, including nausea, anemia, and abdominal pain, which also may
potentially be lethal to aquatic beings.2,4,5 Several methods have been developed as a treatment to handle
lead waste, such as using extraction,6 membrane separation,7, and adsorption.8,9 Amongst those,
adsorption is the most widely used method as it is low cost and has been proven effective. The
mechanism of removal by adsorption occurs through the binding of certain molecules of fluid to the
surface of the solid media (adsorbent). The advantages of adsorption compared to other processes are the
minimal required cost, ease of operation, relatively safe from chemical contamination, and having no
impact on the environment.10 The separation process using the adsorption method always involves a
material called an adsorbent.
It is desirable that the adsorbent used for the process is based on low-cost and sustainable materials.
Currently, research is being promoted on alternative adsorbents derived from nature, which besides
having good adsorption capabilities are also economical.11-14
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Coconut coir is mainly composed of cellulose and lignin. It is reported to have a porous structure and can
be reformed into ashes through high-temperature heating to produce silica in an amorphous form which is
desirable for an adsorbent.15,16 The waste coconut coir produced in coconut fruit production in Indonesia
averages 1.8 million tons of coir fiber per year.17 However, for now, coconut coir waste has only been
used for traditional handcrafts, even though, based on the availability of raw materials, it should be
developed for broader and more significant use. Another popular and high-performing natural adsorbent
is bentonite. It is reported that bentonite has a good ion exchange capability as an adsorbent. 18 In addition,
this material is also existing in abundance in Aceh. Therefore, in this paper, we develop a combined
adsorbent composed of coconut coir and bentonite to produce a natural-based adsorbent with increased
surface reactivity and high effectivity in removing lead from liquid waste.

EXPERIMENTAL
Materials
The materials used for the preparation of adsorbents were coconut coir, bentonite, and 0.3M HCl.
Meanwhile, Pb(NO3)2 was used as the artificial lead waste. Distilled water was used as a solvent, and for
cleaning purposes.
Preparation and Activation of Biosorbent
The activation of coconut coir was initially conducted using carbonization at a temperature of 400°C.
After two hours in the furnace, the carbonized coconut coir charcoal or activated coconut coir (ACC) was
left to cool for 24 hours. Following that, it underwent size reduction through milling and sieving.
Separately, the raw bentonite was rinsed with water, dried, and size-reduced to 100 mesh. Furthermore,
the bentonite was chemically activated with HCl for half an hour at 110°C to obtain the activated
bentonite (AB). The ACC and AB were then combined with a mass ratio of 70:30 to prepare the
combined coconut coir – bentonite (ACCB) sorbent. The two materials with a 10:1 ratio were mixed by
stirring in distilled water to dissolve. After 2 hours of stirring, the combined sorbent underwent 4 hours of
heating treatment at 110⁰C to reduce water or other liquid phase content. The sorbent was furthermore
furnaced for 2 hours at 800⁰C. After carbonized, the sorbent was left in a desiccator until further use.
Adsorption of Lead
Artificial waste Pb(NO3)2 was prepared with variations in initial concentrations of 200, 300, and 500
mg/L. The adsorption process was conducted by 100 ml of sample (in each varied concentration) with 0.1
gram of sorbent for various contact times of 0, 30, 60, 90, 120, and 150 minutes with agitation at a speed
of 250 rpm. Atomic Absorption Spectrometry (AAS) was used to analyze the concentration of Pb(NO 3)2
after adsorption.

RESULTS AND DISCUSSION
Characterization of the Adsorbents
Table 1 shows the surface area data of the adsorbents. It can be observed, that the average pore diameter
is 89.53 Å which implies that the adsorbents fall in the mesoporous category, which commonly lies
between the 20-500 Å range.19 Table 1 also reveals changes in the pore and surface area properties of the
activated coconut coir adsorbent (ACC) after combination with bentonite (ACCB). This is due to the
carbonization process of the CC at 400°C which induced the thermal degradation and evaporation of the
sample which decreased the particle size that simultaneously contributes to the formation of more pores
on the carbon and increment of the surface area and pore volume of the adsorbent. 14,20
Without activation, bentonite or coconut coir sorbent has impurities on its surface that cover the surface
pores; hence the results of BET analysis are low in most categories. Meanwhile, the ratio of pore surface
area to the pore volume of the combined ACCB adsorbent is the highest compared to the stand-alone
coconut coir or bentonite samples. These results of the surface morphology of the adsorbents are shown in
Fig.-1.
In addition, from Fig.-1, we can see that after the combination that the ACCB adsorbent has a greater
porosity than the porosity compared to the non-combined ones. The greater porosity of the adsorbent
defines good pore properties, which provides a more active adsorption site. The specific surface area
enhancement is highly due to the rise of the total volume of the pore.21
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Table-1: Result of Surface Area Analysis of the Sorbents from Coconut Husk and Bentonite
Pore Surface Area
Pore Volume
Pore Size
The Ratio of Pore Surface Area
Adsorbents
(m2 g-1)
(cm3 g-1)
(nm)
to Pore Volume
NCC
17.878
0.011
54.85
301.1
ACC
6.022
0.20
67.85
397.289
NB
51.036
0.031
51.4
358.942
AB
37.330
0.045
89.53
490.730
ACCB
8.511
0.011
124.5
773.727

Fig.-1: SEM Imaging of (a) ACC, (b) AB, and (c) ACCB Adsorbents
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Fig.-2: The IR Analysis of Functional Groups in the Adsorbents

Figure-2 shows the result of the FTIR analysis. The results of the analysis confirm the presence of
chemical groups like C-H, Si-O-Si, and C=O in the ACC, AB, and ACCB adsorbents. These functional
groups are actively playing a role in binding the adsorbate on the adsorbent surface thus their presence is
advantageous.22
Figure-3 presents the component of all the prepared adsorbents according to the results of the XRD
analysis. From the results, it can be seen that the adsorbents appear more amorphous after activation. The
change of adsorbent structure caused by the breaking of chemical bonds such as that of the aromatic
compound and carbons occurred due to activation.23
Effects of Type of Adsorbents and Contact Time on the Efficiency and Capacity of Lead
Adsorption
Adsorption efficiency and capacity are influenced by several factors: initial concentration, adsorbent dose,
and pH of the feed solution.24 In this study, the evaluation of removal efficiency and capacity of the
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different adsorbents that have been prepared were conducted on artificial lead waste. The capacity
indicates the amount of the adsorbate adsorb on the surface of adsorbent. 24 The relationship of adsorbent
type to adsorption capacity and efficiency is given in Fig.-4.

Fig.-3: XRD Pattern of the Prepared Adsorbents

Fig.-4: Efficiency and Capacity of Lead Adsorption Using the Prepared Adsorbents

From Fig.-4, we can see that the activated adsorbents based on coconut coir and/or bentonite have better
capacity and efficiency for lead removal, and when both of those materials are combined, the capacity and
efficiency of removal reach the highest point of 182 mg/g. This is due to the enhanced area of the
adsorbent surface and pore volume of the activated and combined adsorbents, as shown in the BET
analysis results in Table-1. The adsorption efficiency between the adsorbate and the adsorbent increases
with the increase in average pore radius; hence molecules with larger molecular sizes will be adsorbed by
the adsorbent in the pores.25 The adsorption time also greatly affects the efficiency and capacity of
adsorptions, as seen in Fig.-5 and Fig.-6. The presented data for both figures are only from adsorption
using ACCB adsorbent as it showcased the best overall performance.
Based on Fig.-5, it is shown that the capacity of the adsorption process improves with the extended
adsorption time. The longer the process is taken place, the higher the amount of lead that is adsorbed until
a steady state is met. From the experimental results, it is disclosed that the capacity of adsorption for
contact times of 0, 30, 60, 90, 120, and 150 minutes are 44.96; 142.96; and 182.71 mg/g. At the beginning
of contact (from the minute 30th to 90th), the adsorption rate is very large, while when it reaches the
100th minute and above, the increase of adsorption rate tends to slow down until it reaches the
equilibrium (steady) state. From this, we can conclude that the optimum time for the adsorption of lead
using a combined ACCB adsorbent is achieved in 90 minutes.
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Fig.-5: Correlation of Contact Time on the Capacity of Lead Adsorption

Figure-6 shows that lead removal efficiency also improves with prolonged time of contact. The longer the
time is given for the adsorbate and the adsorbent to interact, the better will be the efficiency until the
equilibrium state is achieved. These results revealed that the efficiency of adsorption for the initial
concentration of 302.32 mg/L with time of contact of 0, 30, 60, 90, 120 and 150 minutes are 0; 8.62%,
27.41%, 31.07%, 33.49%, and 35.03%. After the optimum time of contact is reached, there is a notable
decrease in adsorption efficiency. However, for the ACCB adsorbent, after the optimum contact time is
reached, though the efficiency also decreases but it tends to be constant. The SiO 2 content in the
combination adsorbent between coconut coir charcoal and activated bentonite from the results of the XRD
test, the content of silica in the ACCB adsorbent is 73.5%. Silica plays a vital part in the adsorption
process as it is reported to have excellent adsorption and ion exchange performances. Moreover, the
greater content of Al2O3 in ACCB compared to that in AC adds more excellency to the ACCB adsorbent.

Fig.-6: Correlation of Contact Time on the Efficiency of Lead Removal by ACCB Adsorbent

CONCLUSION
A natural-based adsorbent with improved performance has been prepared by combining activated coconut
coir and bentonite. The performance of all the adsorbents made in this study was evaluated on the
removal of Pb(NO3) as an artificial model of the lead contaminant in liquid waste. The characterization
results found that the activated coconut coir adsorbent showcased outstanding performance in the removal
of lead in wastewater.
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