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Abstract: - In this study, activated carbons have been produced from durian peel and used for the removal of
lead (II) ions from water. The activated carbons were synthesized with physical activation using CO, as the
activating agent at 900 °C. Prior to the activation process, durian peel was carbonized under either nitrogen
atmospheric or vacuum pyrolysis in order to compare the properties of the synthesized activated carbons. The
results showed that the activated carbons synthesized under vacuum pyrolysis had higher adsorption capacity
for lead ions than those synthesized under nitrogen atmospheric pyrolysis. Langmuir adsorption isotherm better
fitted to the experimental data than Freundlich adsorption isotherm. The adsorption kinetics followed pseudo-

second order model.
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1 Introduction
Lead, a toxic and non-biodegradable heavy metal, is
often contaminated in the effluent of wastewater
from several industries, especially battery
manufacturing, plating, paint, paper and pulp
industries. Lead poisoning can destroy nervous
system and organs and tissues such as heart, bones,
intestines and kidneys [1]. Since lead has become
one of the major environmental pollutants [2], it is
necessary to remove it from wastewater before
releasing into rivers and other water bodies.

To date, there have been several methods to

separate lead and other heavy metals from
wastewater such as ion exchange, chemical
precipitation, ultra filtration, electrochemical

deposition and adsorption. Among these, adsorption
is considered as an inexpensive and high efficient
method to remove trace amount of heavy metals [3-
4]. Adsorption is also a simple and feasible method
which requires low consumption of energy.

In the adsorption process, activated carbon is a
good adsorbent for the removal of toxic substances
from water and wastewater. However, commercial
activated carbon is quite expensive. Therefore, the
production of activated carbon from agricultural
wastes is promising since these wastes can be
acquired with no cost and they are environmentally
friendly.

Durian peel is an agricultural and zero-cost waste
that can be used as a raw material to produce
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activated carbon [5-7]. Chandra and co-workers [5]
produced activated carbon from durian peel with
KOH activation and used it for the removal of
methylene blue from aqueous solution. Tham and
co-workers [6] synthesized activated carbon from
durian peel with H;PO, activation and used it for the
removal of toluene vapor. In our previous study [7],
durian peel-based activated carbon was synthesized
and used for the removal of Basic Green 4 dye.
Therefore, this study was the first investigation in
the adsorption capacities of durian peel-based
activated carbons for the removal of lead ions (Pb*")
from aqueous solution. The activated carbons were
synthesized with physical activation using CO, as
the activating agent. Prior to the activation process,
durian peel was carbonized under either nitrogen
atmospheric or vacuum pyrolysis in order to
compare the properties of the synthesized activated
carbons. Adsorption kinetics and isotherms of lead
ions onto the synthesized activated carbons were
also investigated.

2 Experimental

2.1 Preparation of activated carbons

Activated carbons were synthesized according to the
procedure described in the previous study [7].
Durian peel was acquired locally, washed, cut into
approximately 1 x 1 cm” and dried at 80 °C for 24 h.
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Carbonization of 100 g of dried durian peel was
performed in a furnace (Model N7 Naber) under
either nitrogen atmospheric (150 mL/min) or
vacuum (56 kPa) pyrolysis. Heating was initiated
from room temperature to 900 °C with the rate of 5
°C/min. Activation with CO, (300 mL/min) was
immediately followed and maintained for 1 h. Next,
the products were cooled under a nitrogen flow,
immersed in an aqueous solution of HCI (2 M) for
24 h, washed with deionized water, dried at 110 °C
for 3 h and grounded to a required mesh size of less
than 0.18 mm. In this study, activated carbons
synthesized under nitrogen atmospheric and vacuum
pyrolysis were denoted as ACN and ACV
respectively.

2.2 Characterization of activated carbons
Yields of the synthesized activated carbons were
determined by weighing compared to the weight of
dried bamboo precursor. Nitrogen adsorption of
ACN and ACV at -196 °C was perform with
Autosorb I (Quantachrome Corporation) in order to
determine BET specific surface area, pore volume
and average pore diameter of the synthesized
activated carbons. lodine numbers of the activated
carbons were determined based on ASTM D4607-
94. Adsorption capacities of the activated carbons
for methylene blue were evaluated according to JIS
K1474-1991.

2.3 Lead adsorption of activated carbons
Adsorption capacities of ACN and ACV for lead
ions (Pb>") were investigated in a batch mode.
Aqueous solutions (25 mL) of lead ions were
prepared from lead nitrate [Pb(NOs),] with the
concentrations of 10-30 mg/L. The solutions were
mixed with 0.05 g of ACN or ACV. The mixtures
were placed in a thermostatic shaker bath and stirred
with the speed of 150 rpm for the required contact
time. The adsorption temperature was maintained at
30 °C. After the adsorption, the activated carbons
were rapidly separated from the mixtures with
centrifugal method. The clarified supernatant
solutions were used to determine the concentrations
of lead ions according to dithizone colorimetric
method [8-9]. After forming lead-dithizone
complexes, the colour solutions were measured
photometrically using a double beam UV/vis
spectrophotometer (UV500 model, UNICAM). The
optimum wavelength was 540 nm. The Ilead
concentrations of the color solutions were calculated
from a prepared calibration curve.

For the study of adsorption equilibrium, amounts
of ACN and ACV were varied from 0.01 to 0.13 g.
The initial concentrations of lead solutions (25 mL)
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were fixed at 10 mg/L. The adsorption temperature
was maintained at 30 °C. The contact time was 5 h
to ensure the adsorption equilibrium.

3 Results and Discussion

3.1 Properties of the synthesized activated
carbons

The properties of ACN and ACV are shown in
Table 1. The yield of the activated carbon
synthesized under vacuum pyrolysis was lower than
that synthesized wunder nitrogen atmospheric
pyrolysis. However, the BET specific surface area,
pore volume and average pore size of the activated
carbon synthesized under vacuum pyrolysis were
greater than those of the activated carbon
synthesized under nitrogen atmospheric pyrolysis.
This is due to the greater degree of reactions
between CO, and char obtained from vacuum
pyrolysis. The lower yield of ACV compared to
ACN supports this fact. In comparison to nitrogen
atmospheric pyrolysis, volatilization occurs more
under vacuum pyrolysis, leaving the surface of the
char with less amount of deposits. When this char is
brought to contact with CO, in the activation
process, the reactions take place to a greater extent.
Consequently, greater BET surface area, pore
volume and average pore size are obtained. With
greater BET specific surface area and pore volume,
ACV had higher adsorption capacities for iodine
and methylene blue than ACN.

Table 1 Properties of ACN and ACV

Properties ACN ACV
Yield (wt%) 21.32 18.74
BET specific surface area (m*/g) 748 1015
Pore volume (cm?/ 2) 0.46 0.66
Average pore diameter (nm) 2.488 2.602
Iodine number (mg/g) 580 739
Adsorption capacity for methylene 176 253
blue (mg/g)
3.2 Lead adsorption of the synthesized

activated carbons

The adsorption capacities of ACN and ACV for lead
ions (Pb>") when the initial concentrations of lead
ions (Cy) were varied between 10-30 mg/L are
shown in Fig. 1. Adsorption of lead ions onto the
activated carbons occurred rapidly during the first
one minute owing to a great number of sites
available for the sorption operation at the beginning.
The adsorption rates then decreased and the
equilibrium was obtained after 120 min. When the
initial concentrations of lead ions increased from 10
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to 30 mg/L, the equilibrium adsorption capacities of
both ACN and ACV increased significantly. This
trend corresponds to the previous studies [10-11]. It
is important to note that ACV had higher adsorption
capacities for lead ions than ACN. This is likely to
be due to the greater surface area of ACV for lead
ions to adsorb.
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Fig. 1 Lead adsorption capacities of: (a) ACN, (b)
ACV at 30 °C

3.2.1 Adsorption kinetics

The experimental data during the first 30 min. of
contact time was used for the study in adsorption
kinetics. In this research, pseudo-first order [12] and
pseudo-second order [13] kinetic models were used
as shown in Egs. (1) and (2), respectively.

h_, (1)

lo — =lo —
g(q, —q,) =logg, 2303
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q. (mg/g) and ¢, (mg/g) represent amounts of
lead ions adsorbed onto activated carbon per unit
mass of activated carbon at equilibrium and any
time . k; (min") and k, (g/mg/min) are the rate
constants of pseudo-first order and pseudo-second
order kinetic models, respectively.

Comparison between the experimental data with
the two kinetics models for lead adsorption of ACN
and ACV was made as shown in Figs. 2 and 3.
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Fig. 2 Pseudo-first order kinetics of: (a) ACN, (b)
ACV at 30 °C

As can be seen from Figs. 2 and 3, pseudo-
second order model better fitted to the experimental
data for both ACN and ACV than pseudo-first order
model. The rate constants and equilibrium
adsorption capacities of ACN and ACV were
evaluated from the intercepts and slopes of the
graphs and reported in Table 2. The values of ¢,
calculated from pseudo-second order model were
closed to the experimental values of ¢, than those
from pseudo-first order model.



Advances in Fluid Mechanics and Heat & Mass Transfer

R*>=0.9995

7 * 10 mgL
® 20 mg/L

A 30 mglL R®=0.9998

t/qq

R*=0.9994

(@)
o
0 5 10 15 20 25 30 35
t (min)
8
7 10 mg/L
¢ 10 mg/ R2=0.9999
. ® 20 mg/L
430 mgL
s R2=0.9998
g
4 R?=0.9996
3
2
1
(b)
O |||||||||||||||||||||||||||||||||
0 5 10 15 20 25 30 35

Fig. 3 Pseudo-second order kinetics of: (a) ACN, (b)
ACV at 30 °C

Table 2 Adsorption kinetics of ACN and ACV at
various initial concentrations of lead ions

Kinetics ACN
models

ACV

Co= 10 20 30 10 20 30

Pseudo-first order

k; x10° 7.99 1085 541 875 5.62 822
(min™)

Calculatedg, 0.65 094 1.88 035 097 1.66
(mg/g)

Pseudo-second order

kyx 10 494 386 1.83 999 4.02 2.01
(g/mg/min)

Calculated g, 4.45 629 822 4.69 643 8.88
(mg/g)

Experimental 4.47 6.25 851 4.70 6.57 891
ge (mg/g)
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3.2.2 Adsorption isotherm

Two well-known adsorption isotherms: Langmuir
[14] and Freundlich [15], were used to correlate the
experimental data at the equilibrium. The linear
forms of Langmuir and Freundlich isotherms are
shown in Egs. (3) and (4), respectively.

G_ 1, [1jce
9. Ob \Q,

logq, =logK, + [ljlog C,
n

3)

4

0, (mg/g) and b (L/mg) are Langmuir constants
in relevant to maximum adsorption capacity
(monolayer capacity) and energy of adsorption,
respectively. Kr and n are Freundlich constants in
relevant to adsorption capacity and how favorable
the adsorption process (adsorption intensity),
respectively.

The plots of the experimental data according to
Langmuir and Freundlich adsorption isotherms are
shown in Figs. 4 and 5, respectively. As can be seen
from the values of the correlation coefficients (R°)
above 0.9, both models well described the
adsorption of lead ions. However, Langmuir
adsorption isotherm better fitted to the experimental
data than Freundlich adsorption isotherm for both
ACN and ACV. This indicates monolayer
adsorption of lead ions on the homogeneous surface
of the activated carbons prepared from durian peel
with CO, activation. Moreover, the binding of lead
ions onto the surface of activated carbons is
primarily by a chemical adsorption reaction.
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Fig. 4 Langmuir adsorption isotherm of ACN and
ACV at 30 °C
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Fig. 5 Freundlich adsorption isotherm of ACN and
ACV at 30 °C

The constants in Langmuir and Freundlich
adsorption isotherms were determined from the
slopes and intercepts of the graphs in Figs. 4 and 5.
Table 3 represents the values of such constants. The
maximum adsorption capacities (Q,) of durian peel-
based activated carbons in this study are similar to
those of coconut shell-based activated carbon [11]
and sugar cane bagasse-based activated carbon
[16].

Table 3 Langmuir and Freundlich isotherm
constants for lead adsorption onto ACN and ACV

Adsorption isotherms ACN ACV
Langmuir isotherm

0, (mg/g) 7.97 8.43
b (L/mg) 1.45 2.52
R, 0.065 0.038
Freundlich isotherm

n 3.34 4.04
Ky (mg/mg'™ L'"/g) 4.33 521

R; is an important characteristic of Langmuir
isotherm which is called separation factor. The
definition of R, is given by Eq. (5). Its value can
suggest whether the isotherm is favorable based on
the following criteria: R, > 1 for unfavorable
adsorption, 0 < R; <1 for favorable adsorption, R, =
0 for irreversible adsorption, and R, = 1 for linear
adsorption [17-19]. As can be seen from Table 3,
the values of R; were less than 1 for both ACN and
ACV, suggesting that the adsorption process of lead
ions on durian peel-derived activated carbons was
favorable and rather irreversible. Moreover, the
values of 1/n below 1 in Freundlich isotherm for
both ACN and ACV could indicate favorable
adsorption [20].
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4 Conclusion

Activated carbon synthesized under vacuum
pyrolysis had higher adsorption capacity for lead
ions than that synthesized wunder nitrogen
atmospheric  pyrolysis. Langmuir adsorption
isotherm better fitted to the experimental data than
Freundlich adsorption isotherm. The adsorption
kinetics followed pseudo-second order model.
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