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Abstract

Adsorption of lead(Il) ions onto activated carbon prepared from renewable plant material, which is Euphorbia rigida, was investigated with
the variation in the parameters of pH, contact time, the amounts of adsorbent, lead(II) ions concentration and temperature. Adsorption data of
lead(II) ions onto activated carbon by E. rigida obeys the Langmuir isotherm model. Maximum adsorption capacity (gmax) of lead(I) ions onto
adsorbent was 1.35 x 103 molg~! or 279.72mgg~! at 40°C. Three kinetic models are the first-order, pseudo-second-order and intraparticle
diffusion equations, were selected to interpret the adsorption data. Kinetic parameters such as the rate constants, equilibrium adsorption capacities
and related correlation coefficients, for each kinetic model were calculated and discussed. It was indicated that the adsorption of lead(Il) ions onto
activated carbon by E. rigida could be described by the pseudo-second-order kinetic model and also followed the simple external diffusion model
the initial 10 min and then by intraparticle diffusion model up to 50 min.
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1. Introduction

The presence of heavy metals in the aquatic environmen-
tal has been a big deal to scientists and engineers due to their
increased discharge, toxic nature, and other adverse effects on
receiving waters [1,2]. Metals, which can be toxic pollutants that
are nonbiodegradable, public health, economic impact, include
arsenic (As), chromium (Cr), lead (Pb), mercury (Hg), cop-
per (Cu), zinc (Zn), cadmium (Cd), nickel (Ni) and manganese
(Mn), etc. Lead uses many industries such as acid battery man-
ufacturing, metal plating and finishing, printing, photographic
materials, explosive manufacturing, and tetraethyl lead manu-
facturing, and ceramic and glass industries. The main sources
of lead in water are the effluents of processing industries. Lead
poisoning in humans causes severe damage to the kidney, ner-
vous system, reproductive system, liver, and brain and causes
sickness or death. Severe exposure to lead has been connected
with sterility, abortion, stillbirths, and neonatal death [3-5].
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The permissible level for lead in drinking water is
0.05mgL~! according to the US Environmental Protection
Agency (EPA). Therefore, a very low concentration of lead in
water is very toxic [6]. The removal of such a heavy metal from
contaminated water bodies has been attempted by several scien-
tists employing a wide variety of techniques including chemical
precipitation, ion-exchange, electroflotation, membrane filtra-
tion, reverse osmosis, etc. All these methods are generally
expensive. For this reason, there is a need for developing eco-
nomic and eco-friendly methods for waste minimization and
fine tuning of the wastewater [7]. The most promising alter-
native method for the removal of metal ions is the adsorption.
Although commercial activated carbon, with high surface area,
microporous character and high adsorption capacity, has made
its potential adsorbent for the removal of heavy metals from
industrial wastewater, it is expensive, has relatively high oper-
ation costs. Thus, there is a growing demand to find low-cost
and efficient, locally available adsorbent for the adsorption of
lead such as activated carbon prepared by renewable biomass
materials including coconut shell [1,3], sawdust [7], sugar cane
bagasse [8], fruit stones [9], apricot stone [10], pyrolyzed coffee
residues [11], pine bark [12], pecan shell [13], peanut shells [14],
palm shell [15], nutshells (almond, walnut, pecan) [16], almond
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shells, olive stones, and peach stones [17]. There are two dif-
ferent ways for the preparation of activated carbon, which are
physical and chemical activation. The chemical activation has
two important advantages to compare with the physical acti-
vation. One is the lower temperature in which the process is
achieved. The other is that the global yield of the chemical acti-
vation tends to be greater due to the fact that burn-off char is
not required. Chemical activation consists of carbonization in
the presence of a dehydrating agent (e.g., ZnClp, H3POy4, and
H;S0Oy4). These chemical agents may promote the formation of
cross-links, leading to the formation of a rigid matrix that is
further less prone to volatile loss and volume contraction upon
heating to high temperatures [18]. In this study, the preparation
of activated carbon from E. rigida impregnated with sulfuric acid
was carried out. Sulfuric acid is more favored due to an inex-
pensive and non-volatile dehydrating agent than such as zinc
chloride, due to problems of environmental contamination with
zinc (Zn) compounds [19,20].

To our knowledge, compared with other biomass materials
only little information exists on the use of activated carbon from
biomass materials, as an adsorbent for the removal of lead(II)
ions and also needs to research. One of these materials, E. rigida,
which is biomass plant material, can be used as a source of acti-
vated carbon. E. rigida is a member of the Euphorbiaceae family
and it grows abundantly in arid land regions in Anatolia, Turkey.
This family of plants includes around 2000 species, ranging from
small herbs to large trees. The most of them can produce milky
latex, which yields wide range of chemical including rubber,
oils, terpenes, waxes, hydrocarbons, starch, resins, tannins, and
balsams of interest to various industries but not use for food
production [21-23].

The study of adsorption equilibrium, isotherms and kinet-
ics is essential in supplying the basic information required for
the design and operation of adsorption equipments for wastewa-
ter treatment. Various isotherm models including Langmuir and
Freundlich; and kinetic models such as the first-order, pseudo-
second-order and intraparticle diffusion, have been put forward
to describe or predict the adsorption isotherms and kinetics,
respectively.

The objective of this research is to study the adsorption of
lead(IT) ions from aqueous solutions onto activated carbon from
E. rigida. It is a renewable plant material and abundant and
it was chosen as an adsorbent material due to a lack of infor-
mation on its adsorption abilities. The effects of temperature,
pH, contact time and concentration were examined. The adsorp-
tion isotherm and kinetic parameters were deduced from the
adsorption measurements.

1.1. Equilibrium parameters of adsorption

Equilibrium data, mostly known as adsorption isotherms,
are basic requirements to understand the mechanism of the
adsorption. Well-known adsorption isotherm models, Lang-
muir and Freundlich, are used to describe the equilibrium
between adsorbed lead(II) ions onto activated carbon from E.
rigida (qe) and lead(I) ions in solution (C.) at a constant
temperature.

The linear forms of the Langmuir [24] and Freundlich [25]
adsorption isotherm equations can be written as following:

1 1 1 1
Langmuir equation : — = + ( ) = ey
de  4dmax gmaxKL ) Ce
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n

Freundlich equation :

where g. is the equilibrium lead(I) ions concentration on the
adsorbent (mol g_l); Ce, the equilibrium lead(Il) ions concen-
tration in solution (mol dm_3); gmax, the monolayer adsorption
capacity of the adsorbent (molg~!); K1, the Langmuir con-
stant (dm> mol~") related to the free energy of adsorption; Kp
(dm? g~1) and n (dimensionless) are the Freundlich constants.
Hence a plot of 1/g. versus 1/Ce for the Langmuir adsorption
gives a straight line of slope 1/(gmax K1) and intercept 1/gmax; the
plot of In g versus In Ce for the Freundlich adsorption isotherm
was employed to generate Ky and n from the intercept and the
slope values, respectively.

The effect of isotherm shape has been used [26] with a view
to predict whether an adsorption system is favorable or unfa-
vorable. The essential feature of the Langmuir isotherm can be
expressed by means of ‘Ry’, a dimensionless constant referred
to as separation factor or equilibrium parameter Ry, is calculated
using the following equation.

1

RL=——
1+ KpCo

(3
where K, is the Langmuir constant (dm3 mol~!) and Cy is the
initial lead(II) ions concentration (mol dm™?).

1.2. Adsorption kinetics

The first-order and pseudo-second-order kinetic models have
been applied for the experimental data to predict to the adsorp-
tion kinetics. The first-order [27] and pseudo-second-order [28]
equations are expressed as:

) 1 ki
first-order equation : — = — + — 4)
U  q1 qit

pseudo-second-order equation : L = % + it &)
qa  kagy @2

where ¢; is the amount of the lead(I) ions adsorbed at various
times ¢ (mg g_l); and ky, the first-order rate constant (min~!) of
adsorption; g1, the maximum adsorption capacity (mgg~") for
the first-order adsorption; ¢, the maximum adsorption capac-
ity (mg g~!) for the pseudo-second-order adsorption; ks, is the
equilibrium rate constant of pseudo-second-order adsorption
(gmg~ ! min~!). Values of k; for the adsorption of first-order
kinetic model can be calculated from the slope of the plots of
1/g; versus 1/t; values of k> and g5 for the adsorption of pseudo-
second-order kinetic model can be calculated from the plot of
t/q; against .

Adsorption kinetics are generally controlled by different
mechanism, of which the most limiting are the diffusion mecha-
nisms, including the initial curved portion, attributed to rapid
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external diffusion or boundary layer diffusion and surface
adsorption, and the linear portion, a gradual adsorption stage
due to the intraparticle diffusion, followed by a plateau to the
equilibrium where the intraparticle diffusion starts to decrease
due to the low concentration in solution phase as well as fewer
available adsorption sites [29].

In general, external mass transfer or external diffusion is
characterized by the initial solute uptake [30,31] and can be
calculated from the slope of plot of C/Cy versus time. The slope
of these plots can be calculated either by assuming polynomial
relation between C/Cy and time or it can be calculated based on
the assumption that the relationship was linear for the first initial
rapid phase [32]. In the present study, the second technique was
used by assuming that the external mass transfer occurs in the
first initial rapid step.

The intraparticle diffusion equation [33] can be written as
follows:

g =kpt'? 4+ C (6)

where C is the intercept, and k;, is the intraparticle diffusion rate
constant (mg g~' min~—!/2).

The first-order and pseudo-second-order kinetic models
could not identify the diffusion mechanism and the kinetic
results were then analyzed according to the intraparticle dif-
fusion model. By using this model, the plot of uptake, g;, versus
the square root of time (r'%) should be linear if the intraparti-
cle diffusion is involved in the adsorption process and if these
lines pass through the origin then the intraparticle diffusion is
the rate-controlling step [34,35]. When the plots do not pass
through the origin, this is indicative of some degree of boundary
layer control and this further shows that the intraparticle dif-
fusion is not the only rate-limiting step, but also other kinetic
models may control the rate of adsorption, all of which may be
operating simultaneously. The slope of linear portion from the
figure can be used to derive values for the rate parameter, kp, for
the intraparticle diffusion.

2. Experimental

2.1. Preparation of activated carbon and lead(Il) ions
solutions

Euphorbia rigida, was used in this study a source of activated
carbon, collected from nearby Afyon, Turkey. It was harvested
between May and July, and then it was dried at room temperature
and stored in a cool and dark room for 3 months. Production of
activated carbon has involved by the carbonization of E. rigida in
anegligibly ventilated atmosphere to drive out volatiles, leaving
a porous carbon structure with a high surface area. Sulfuric acid
as a chemical reagent added during the activation process help
produce more effective adsorbent. The activation procedure was
accomplished as: E. rigida was impregnated with 50% H;SOq4
for 24 h and then filtered and the resulting chemical loaded E.
rigida was placed in a furnace and heated (10°Cmin~!) to
the final carbonization temperature of 850 °C for 30 min. In
all experiments, the heating rate was kept constant. After cool-
ing, the activated carbon was repeatedly washed with deionized

water and dried at 110 °C. The carbonized material was sieved
to <125 pm size and used for adsorption experiments.

Activated carbon was characterized with respect to the sur-
face area was examined at 77 K by means of a standard BET
procedure N» adsorption (Quantachrome Inst., Nova 2200e Sur-
face Area Analyzer). BET equation was used to calculate the
specific surface area. Before the measurements activated carbon
was degassed at 300 °C for 3h. The surface area of activated
carbon is 741.21m% g~ 1.

A stock solution of lead(Il) ions was prepared by dissolv-
ing an accurate quantity of Pb(NO3); in deionized water. Other
concentrations prepared from stock solution by dilution varied
between 50 and 200 mg dm > and the pH of the working solu-
tions was adjusted to desired values with 0.1 M HCl or 0.1 M
NaOH. Fresh dilutions were used for each experiment.

2.2. Batch adsorption studies

All batch experiments were conducted with adsorbent in
erlenmeyer flasks closed with glass stoppers to avoid evaporation
were stirred using a mechanical magnetic stirrer at 200 rpm to
elucidate the optimum conditions of pH, adsorbent and lead(II)
ion concentrations.

The effect of pH on the adsorption of lead(II) ions onto
activated carbon from E. rigida was determined by equilibrat-
ing the adsorption mixture with dried adsorbent and 50 ml
of 100mgdm™3 lead(Il) ions solution at different pH values
between 1 and 6. The effect of adsorbent concentration was
studied by using adsorbent the ranging from 0.2 to 1.0 g dm™3.

For the assessment of the effect of metal ion concentration
on adsorption, metal solutions ranging from 50 to 200 mg dm 3
were prepared and used. The optimum pH and adsorbent concen-
tration were then determined as 5 and 0.8 gdm™3, respectively,
used throughout all adsorption experiments, which were con-
ducted at various time intervals between 10 and 90 min and
temperatures of 20, 30 and 40 °C. When the adsorption proce-
dure completed, the solutions were centrifuged at 4500 rpm for
2 min and the supernatants were then analyzed for the residual
lead(IT) ion concentrations.

The adsorption of lead(Il) ions onto activated carbon from
E. rigida was evaluated at constant temperatures of 20, 30 and
40°C for the adsorption isotherms as well as the first-order,
pseudo-second-order and intraparticle diffusion kinetic models.

The final lead(Il) ion concentrations of the solutions were
determined by using an atomic absorption spectrophotometer
(Varian AA250 Plus) with an air-acetylene flame. The instru-
ment calibration was periodically checked by using standard
metal solutions for every 15 reading.

3. Results and discussion
3.1. Effect of adsorbent concentration on metal removal

The results of the experiments with varying adsorbent con-
centrations are presented in Fig. 1. With increase in the adsorbent

concentration, from 0.2 to 1.0 g dm~3, the amount of adsorbed
lead(IT) ions removal increases from 47.00% to 99.80%. After
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Fig. 1. Effect of adsorbent concentration for the adsorption of lead(II) ions onto
activated carbon from E. rigida at 20 °C.

certain adsorbent dosage the removal efficiency is not increased
significantly. It is evident that the optimum amount of activated
carbon from E. rigida for further adsorption experiments was
selected as 0.8 g dm™3 and the removal of lead(Il) ions was
found to be 99.2%. The removal efficiency at 1 gdm™3 of adsor-
bent dosage was not much higher than 0.8 gdm~3. The variation
in adsorption capacities between the various adsorbent dosages
could be related to the type of surface group responsible for the
adsorption of metal ions from solution. With increasing adsor-
bent dosage more surface area is available for the adsorption
due to increase in active sites on the adsorbent and its availabil-
ity for adsorption, making easier penetration of lead(Il) ions to
the adsorption sites and that increasing this number had also no
effect after equilibrium was reached.

3.2. Effect of pH
The pH of solution has been identified as the most important
variable governing metal adsorption on the adsorbent. Fig. 2

indicates the effect of pH on the removal of lead(Il) ions onto
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Fig. 2. Effect of pH for the adsorption of lead(Il) ions onto activated carbon
from E. rigida at 20 °C.

activated carbon from E. rigida from aqueous solutions that the
adsorption of metal ions was not observed for pH less than 3.
The heavy metal-removal capacity increased very sharply with
an increase in pH from 3 to 5. The low metal adsorption at
pH 3.0 has been attributed to the competition that metal ions
face from hydrogen ions for the available adsorption sites. The
results showed that pH is an important parameter affecting the
adsorption of heavy metals. At low pH (less than 4.0) heavy
metal removal was inhibited, possibly as a result of a positive
charge density on metal binding sites due to a high concentration
of protons in solution. With an increase in the pH, the negative
charge density on the activated carbon surface increases due
to deprotonation of the metal binding sites and thus increases
adsorption. Experiments were carried out with the pH values
of 5 due to the fact that metal precipitation appeared at higher
pH values and interfered with the accumulation or adsorbent
deterioration [36,37].

3.3. Effect of equilibrium contact time

The adsorption capacity of lead(Il) ions removed by activated
carbon from E. rigida versus contact time is illustrated in Fig. 3.
It can be seen that the adsorbed amount of lead(II) ions increased
with contact time up to 50 min, after that a maximum removal is
attained. Therefore, 50 min was selected as the optimum contact
time for all further experiments.

3.4. Effect of temperature on metal uptake

The temperature of the adsorption medium could be impor-
tant for energy-dependent mechanisms in the metal adsorption
by activated carbon from E. rigida. The equilibrium adsorp-
tion capacity of lead(Il) ions onto activated carbon was favored
at higher temperatures. This may indicate that adsorption of
lead(Il) ions onto activated carbon from E. rigida is chemi-
cal. An increase in the temperature from 20 to 40°C leads
to an increase in the adsorption capacity from 230.63 to
241.06mgg~! at an equilibrium time of 50 min and the con-
centration of 200 mgdm™3. Below the equilibrium time, an
increase in the temperature leads to an increase in the lead(Il)
ions adsorption, which indicates kinetically controlling process
and endothermic in nature. After the equilibrium attained, the
uptake increases with increasing temperature, this effect may
be explained by availability of more in active sites of adsorbent
at higher temperatures. Enhancement of adsorption capacity at
higher temperature may be attributed to the enlargement of pore
size and/or activation of adsorbent surface [38].

3.5. Adsorption isotherms

The equilibrium adsorption isotherms are one of the most use-
ful data to understand the mechanism of the adsorption. Several
isotherm equations are available and two important isotherms
are chosen in this study, which are namely the Langmuir and
Freundlich isotherms. The plots of linear form of Langmuir and
Freundlich adsorption isotherms of lead(I) ions obtained at the
temperatures of 20, 30 and 40 °C are illustrated in Figs. 4 and 5.
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the uptake obtained at the other temperatures (Table 1).

Xiibslgql)tion isotherm constants for the adsorption of lead(II) ions onto activated carbon by Euphorbia rigida at various temperatures

Langmuir Freundlich

t(°C) gmax (x10~>mol g~1) Ki, (dm3 mol™!) 2 Ry Kp (dm®g™h) n r2

20 1.15 7.11 x 10* 0.958 1.44 x 1072 0.123 2.051 0.961
30 1.23 1.05 x 103 0.961 9.73 x 1073 0.124 2.145 0.927

40 1.35 1.90 x 10° 0.981 541 %1073 0.156 2.199 0.901
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Table 2

Adsorption results of lead(I) ions from the literature by activated carbons obtained from various plants, agricultural and wood based materials and operating conditions

Activated carbon source pH t(°C) Operating conditions
Initial concentration Adsorbent dosage Adsorption
range (mg dm—3) (gdm™3) capacity (mgg™")
Sawdust [7] 5.0 27 50-1000 2.0 200.00
Apricot stone [10] 6.5 25 - 2.0 22.85
Pecan shell [13] 4.8 - 104 0.5-10.0 64.2
Peanut shell [14] 4.8 - 1036-10360 10.0 15291
Palm shell [15] 3.0and 5.0 27 100-700 5.0 95.20
Coconut shell [40] 5.6 25 - 2.0 76.66
Bagasse pith [41] 4.0-8.0 30 100 - 200.00
Mature pods of M. oleifera 5.8 30 30 2.0 19.20
containing seeds [42]

Coirpith waste [43] 4.0 - 25-100 - 263.00
‘Whole corncob [44] 3.8 - - 0.5 154.36
Peanut husks [45] 6.0 20 31 0.6 113.96
Eichhornia crassipes [46] 3.0 - 15 0.8 16.61
Flax shive [47] 6.0 25 - 2.0 147.10
Date pits [48] 5.2 25 25-300 4.0 30.7
Rice straw [49] 5.0 23 518 10.0 36.05
Soybean hulls [49] 5.0 23 518 10.0 39.37
E. rigida HySO4 impregnated (in 5.0 40 50-200 0.8 279.72

this study)

When the temperatures increase, the Ki, values calculated
from Langmuir model also increase. This also indicates that the
adsorption process is endothermic in nature.

The value of Ry, calculated from Eq. (3) is incorporated in
Table 1. As the Ry, values lie between 0 and 1, the adsorption pro-
cess is favorable [39]. Further, the Ry, values for this study at all
temperatures studied are between 5.41 x 1073 and 1.44 x 1072
therefore, the adsorption is favorable.

One of the Freundlich constants Kf indicates the adsorption
capacity of the adsorbent and the values of K at equilibrium
at all temperatures lie a range of 0.123-0.156dm> g~!. The
other Freundlich constant 7 is a measure of the deviation from
linearity of the adsorption and the numerical values of n at
all temperatures lie between 2.051 and 2.199 and are greater
than unity, indicating that lead(I) ions are favorably adsorbed
by activated carbon from E. rigida at all the temperatures
studied.

The adsorption capacity of activated carbon from E. rigida
by HSOy4 activation obtained from Langmuir isotherm equation
for lead(Il) ions in this study is comparable and was found to
be the highest from many corresponding adsorbents reported in
the literature (Table 2) [7,10,13-15,40-49].

3.6. Kinetics of adsorption

In order to understand the adsorption kinetics of lead(Il)
ions, three kinetic models, which are the first-order, pseudo-
second-order and intraparticle diffusion, have been applied
for the experimental data. The plots of linear form of the
first-order, pseudo-second-order (Fig. 6) and intraparticle dif-
fusion (Fig. 7) for the adsorption of lead(Il) ions were
obtained at the temperatures of 20, 30 and 40 °C. The kinetic
parameters for the adsorption of lead(Il) ions onto activated
carbon from E. rigida are given in Table 3. The plots of

Table 3

Kinetic parameters for the adsorption of lead(II) ions onto activated carbon by E. rigida at various initial concentrations and temperatures

1(°C)  Co(mgdm™) ki (min~") g (mgg ) rf ky (gmg~'min~") g (mgg™") 3 kp (mgg~'min~'?)  C(mgg™") rp

20 50.00 0.964 60.66 0.869 1.63 x 1072 60.75 0.999 1.189 51.86 0.923
100.00 2.264 124.48 0.976 393 x 1073 123.93 0.999 4.825 87.77 0.975
150.00 4910 179.46 0.757 5.70 x 1074 196.71 0.994 9.860 91.81 0.897
200.00 9.612 257.36 0.933 3.65 x 1074 262.88 0.991 24.83 52.77 0.966

30 50.00 1.156 63.08 0.966 211 x 1072 62.34 0.999 1.370 5291 0.845
100.00 2.405 127.86 0.951 5.52% 1073 124.84 0.999 5.074 89.65 0.827
150.00 5.201 194.05 0.875 8.28 x 1074 198.68 0.997 1391 84.39 0.962
200.00 7.092 250.24 0.800 3.94 x 107 265.41 0989 21.92 75.18 0.893

40 50.00 0.700 62.93 0.886 233 x 1072 62.93 0.999 0.933 56.10 0.937
100.00 1.892 128.01 0.970 6.30 x 1073 126.01 0.999 4.237 96.26 0.865
150.00 4.832 197.95 0.958 1.07 x 1073 197.86 0.998 13.27 93.94 0.980
200.00 6.076 256.69 0.927 5.03x 1074 265.58 0996 18.48 103.97 0.971
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1/g; versus 1/t for the first-order equation are not shown
as a figure since the calculated correlation coefficients are
less than 0.977 for the first-order kinetic model, whereas
the values of the correlation coefficient are greater than
0.988 for the pseudo-second-order kinetic model, therefore,
the adsorption kinetics could be well explained and approx-
imated more favorably by the pseudo-second-order kinetic
model for the activated carbon from E. rigida. According
to Table 3, these results suggest that the pseudo-second-
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Fig. 7. Intraparticle diffusion plots for the adsorption of lead(II) ions onto acti-
vated carbon from E. rigida at various temperatures.

order mechanism is predominant and that chemisorption might
be the rate-limiting step that controls the adsorption pro-
cess. The pseudo-second-order rate constants indicate a steady
increase from 3.65 x 10™* to 5.03 x 10~* gmg~! min~! with
an increase in the solution temperatures from 20 to 40°C at
a concentration of 200 mgdm ™3, indicating that the adsorp-
tion of lead(Il) ions onto activated carbon from E. rigida is the
rate-controlled.
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There is an external mass transfer process that controls the
early stages of the adsorption process. It can be supposed that the
adsorption of lead(II) ions onto activated carbon from E. rigida
follows mainly three steps of the external diffusion, intraparticle
diffusion, and finally adsorption. Some of these steps can con-
trol the adsorption kinetics. In most cases, the adsorption occurs
rapidly. Therefore, first two steps are important in the adsorp-
tion kinetics [35]. The first shaper linear stage being a rapid
external mass transfer (external diffusion) and surface adsorp-
tion, and the second linear stage is a gradual adsorption stage,
where the intraparticle is rate-limited. As shown in Fig. 7, the
adsorption has three stages. The first and second steps are more
valuable than the final step for the adsorption of lead(II) ions
onto activated carbon by E. rigida.

The first stage is completed in about 10 min. Mass transfer
coefficients for the adsorption of lead(Il) ions onto acti-
vated carbon by E. rigida were quantified as (C19 min/Co)/10.
The calculated average external mass transfer coefficient val-
ues for the adsorption of lead(I) ions onto activated carbon
by E. rigida were found to be 2.71 x 102 min~! at 20°C,
2.40 x 1072 min~! at 30°C and 2.06 x 10~2min~! at 40°C,
at a concentration range of 50-200 mg dm 3.

The adsorption experimental data for the second stage were
used only the range of 10-50 min of adsorption region to the
calculate intraparticle diffusion coefficients. According to the
Eq. (6), a plot of g, versus r'/? should be a straight line with a
slope kp and intercept C when adsorption mechanism follows
the intraparticle diffusion process. The values of k; as obtained
from the slopes of straight lines are listed in Table 3. Because of
the deviation of the curves from the origin and non-linear distri-
bution of the plots, intraparticle diffusion cannot be accepted as
the only rate-determining step for the adsorption of lead(I) ions
onto activated carbon from E. rigida. Although the correlation
coefficients for the intraparticle diffusion model are also lower
than that of the pseudo-second-order kinetic model, this model
indicates that the adsorption of lead(Il) ions activated carbon
from E. rigida may be followed by an intraparticle diffusion
model up to 50 min.

4. Conclusions

This study has related that one of the biomass material E.
rigida, can be used to remove lead(Il) ions from aqueous solu-
tion. Experiments were performed as a function of pH, contact
time and temperature. The maximum adsorption capacity of acti-
vated carbon from E. rigida for the removal of lead(I) ions was
obtained at pH 5.

The Langmuir and Freundlich isotherm models were used
for the mathematical description of the adsorption of lead(Il)
ions onto activated carbon depending on the temperature and
the isotherm constants were evaluated from these isotherms.
Results indicated that the adsorption equilibrium data fitted
well to the Langmuir isotherm model in the studied concen-
tration range at all temperatures. The kinetics of lead(II) ions
adsorption onto activated carbon was based on the assump-
tion of the pseudo-second-order mechanism and also followed
the external diffusion model the first 10 min and then by the

intraparticle diffusion model up to 50 min. The results show
that the pseudo-second-order mechanism is predominant and
that chemisorption might be the rate-limiting step that controls
the adsorption process. This is consisted by the best agreement
with the Langmuir isotherm model. The adsorption process was
found to be endothermic, spontaneous and can be explained with
the pseudo-second-order type kinetic model. Intraparticle dif-
fusion should also be taken into account, but it was observed
that intraparticle diffusion is not a rate-determining step. It may
be concluded from above results that activated carbon from E.
rigida can be used for the elimination of heavy metal pollu-
tion from wastewater since it is a low-cost, abundant and locally
available adsorbent.

Acknowledgement

The study was financially supported by the Anadolu Univer-
sity Research Fund (Project No.: 040222).

References

[1] M. Sekar, V. Sakthi, S. Rengaraj, Kinetics and equilibrium adsorption study
of lead(II) onto activated carbon prepared from coconut shell, J. Colloid
Interf. Sci. 279 (2) (2004) 307-313.

[2] B. Volesky, Removal and recovery of heavy metals by biosorption, in:
B. Volesky (Ed.), Biosorption of Heavy Metals, CRC Press, Boca Raton,
Florida, 1990, pp. 7-43.

[3] J. Goel, K. Kadirvelu, C. Rajagopal, V.K. Garg, Removal of lead(II) by
adsorption using treated granular activated carbon: batch and column stud-
ies, J. Hazard. Mater. 125 (1-3) (2005) 211-220.

[4] B.L. Martins, C.C.V. Cruz, A.S. Luna, C.A. Henriques, Sorption and des-
orption of Pb?* ions by dead Sargassum sp. biomass, Biochem. Eng. J. 27
(3) (2006) 310-314.

[5] S. Tunali, T. Akar, A.S. Ozcan, L. Kiran, A. Ozcan, Equilibrium and kinet-
ics of biosorption of lead(II) from aqueous solutions by Cephalosporium
aphidicola, Sep. Purif. Technol. 47 (3) (2006) 105-112.

[6] S. Bhattacharjee, S. Chakrabarty, S. Maity, S. Kar, P. Thakur, G. Bhat-
tacharyya, Removal of lead from contaminated water bodies using sea
nodule as an adsorbent, Water Res. 37 (16) (2003) 3954-3966.

[7] R. Ayyappan, A. Carmalin Sophia, K. Swaminathan, S. Sandhya, Removal
of Pb(Il) from aqueous solution using carbon derived from agricultural
wastes, Process Biochem. 40 (3—4) (2005) 1293-1299.

[8] K. Zhang, W.H. Cheung, M. Valix, Roles of physical and chemical prop-
erties of activated carbon in the adsorption of lead ions, Chemosphere 60
(8) (2005) 1129-1140.

[9] D.J. Malik, V. Strelko Jr., M. Streat, A.M. Puziy, Characterisation of novel
modified active carbons and marine algal biomass for the selective adsorp-
tion of lead, Water Res. 36 (6) (2002) 1527-1538.

[10] M. Kobya, E. Demirbas, E. Senturk, M. Ince, Adsorption of heavy metal
ions from aqueous solutions by activated carbon prepared from apricot
stone, Bioresour. Technol. 96 (13) (2005) 1518-1521.

[11] V. Boonamnuayvitaya, C. Chaiya, W. Tanthapanichakoon, S. Jarudilokkul,
Removal of heavy metals by adsorbent prepared from pyrolyzed coffee
residues and clay, Sep. Purif. Technol. 35 (1) (2004) 11-22.

[12] L.A. Teles de Vasconcelos, C.G. Gonzélez Bega, Adsorption equilibria
between pine bark and several ions in aqueous solution, 1. Pb(Il), Eur.
Water Poll. Control 4 (1) (1994) 41-51.

[13] R.R. Bansode, J.N. Losso, W.E. Marshall, R.M. Rao, R.J. Portier, Adsorp-
tion of metal ions by pecan shell-based granular activated carbons,
Bioresour. Technol. 89 (2) (2003) 115-119.

[14] K. Wilson, H. Yang, C.W. Seo, W.E. Marshall, Select metal adsorption
by activated carbon made from peanut shells, Bioresour. Technol. 97 (18)
(2006) 2266-2270.



O. Gergel, H.F. Gergel / Chemical Engineering Journal 132 (2007) 289-297 297

[15] G.Issabayeva, M.K. Aroua, N.M.N. Sulaiman, Removal of lead from aque-
ous solutions on palm shell activated carbon, Bioresour. Technol. 97 (18)
(2006) 2350-2355.

[16] M. Ahmedna, W.E. Marshall, A.A. Husseiny, R.M. Rao, I. Goktepe, The
use of nutshell carbons in drinking water filters for removal of trace metals,
Water Res. 38 (4) (2004) 1062-1068.

[17] M.A.Ferro-Garcia, J. Rivera-Utrilla, I. Bautista-Toledo, M.D. Mingorance,
Removal of lead from water by activated carbons, Carbon 28 (4) (1990)
545-552.

[18] B. Corcho-Corral, M. Olivares-Marin, C. Fernandez-Gonzalez, V. Gémez-
Serrano, A. Macias-Garcia, Preparation and textural characterisation of
activated carbon from vine shoots (Vitis vinifera) by H3PO4-Chemical
activation, Appl. Surface Sci. 252 (17) (2006) 5961-5966.

[19] J. Guo, W.S. Xu, Y.L. Chen, A.C. Lua, Adsorption of NH3 onto activated
carbon prepared from palm shells impregnated with H,SOy, J. Colloid
Interf. Sci. 281 (2) (2005) 285-290.

[20] E.Sh. Mohamed, W.A. Khater, M.R. Mostafa, Characterization and phenols
sorptive properties of carbons activated by sulphuric acid, Chem. Eng. J.
116 (1) (2006) 47-52.

[21] E.K. Nemethy, J.W. Otvos, M. Calvin, Hydrocarbons from Euphorbia
lathyris, Pure Appl. Chem. 53 (1981) 1101-1108.

[22] M. Calvin, Chemistry population resources, Pure Appl. Chem. 50 (1978)
407-425.

[23] A.E.Piitiin, A. Ozcan, H.F. Gergel, E. Piitiin, Production of bio-crudes from
biomass in a fixed-bed tubular reactor: product yields and compositions,
Fuel 80 (2001) 1371-1378.

[24] 1. Langmuir, The adsorption of gases on plane surfaces of glass, mica and
platinum, J. Am. Chem. Soc. 40 (9) (1918) 1361-1403.

[25] HM.F. Freundlich, Uber die adsorption in 16sungen, Z. Phys. Chem. 57
(1906) 385-470.

[26] T.W. Weber, R.K. Chakravorti, Pore and solid diffusion models for fixed-
bed adsorbers, J. Am. Inst. Chem. Eng. 20 (2) (1974) 228-238.

[27] N.Kannan, M.M. Sundaram, Kinetics and mechanism of removal of methy-
lene blue by adsorption on various carbons- a comparative study, Dyes
Pigments 51 (1) (2001) 25-40.

[28] Y.S. Ho, G. McKay, Kinetic models for the sorption of dye from aqueous
solution by wood, J. Environ. Sci. Health. Part B. Process Safety Environ.
Protection 76 (B2) (1998) 183-191.

[29] E. Guibal, P. McCarrick, J.M. Tobin, Comparison of the sorption of anionic
dyes on activated carbon and chitosan derivatives from dilute solutions, Sep.
Sci. Technol. 38 (12-13) (2003) 3049-3073.

[30] G.McKay, S.J. Allen, I.F. McConvey, M.S. Otterburn, Transport processes
in the sorption of colored ions by peat particles, J. Colloid Interf. Sci. 80
(2) (1981) 323-339.

[31] G. McKay, S.J. Allen, Surface mass transfer processes using peat as an
adsorbent for dyestuffs, Can. J. Chem. Eng. 58 (1980) 521-526.

[32] V. Vadivelan, K.V. Kumar, Equilibrium, kinetics, mechanism, and process
design for the sorption of methylene blue onto rice husk, J. Colloid Interf.
Sci. 286 (1) (2005) 90-100.

[33] W.J. WeberJr.,].C. Morriss, Kinetics of adsorption on carbon from solution,
J. Sanitary Eng. Div. Am. Soc. Civ. Eng. 89 (1963) 31-60.

[34] K.G. Bhattacharyya, A. Sharma, Azadirachta indica leaf powder as an
effective biosorbent for dyes: a case study with aqueous Congo Red solu-
tions, J. Environ. Manage. 71 (3) (2004) 217-229.

[35] J.P. Chen, S. Wu, K.-H. Chong, Surface modification of a granular activated
carbon by citric acid for enhancement of copper adsorption, Carbon 41 (10)
(2003) 1979-1986.

[36] P.R. Puranik, K.M. Paknikar, Biosorption of lead and zinc from solutions
using Streptoverticillium cinnamoneum waste biomass, J. Biotechnol. 55
(2) (1997) 113-124.

[37] G.M. Gadd, Accumulation of metals by microorganisms and algae, in: H.-J.
Rehm (Ed.), Biotechnology, VCH, Weinheim, 1988, pp. 401-433.

[38] A. Verma, S. Chakraborty, J.K. Basu, Adsorption study of hexavalent
chromium using tamarind hull-based adsorbents, Sep. Purif. Technol. 50
(3) (2006) 336-341.

[39] K.R. Hall, L.C. Eagleton, A. Acrivos, T. Vermeulen, Pore- and
solid-diffusion kinetics in fixed-bed adsorption under constant-pattern con-
ditions, Ind. Eng. Chem. Fundam. 5 (2) (1966) 212-223.

[40] Y. Kikuchi, Q. Qian, M. Machida, H. Tatsumoto, Effect of ZnO loading to
activated carbon on Pb(II) adsorption from aqueous solution, Carbon 44
(2) (2006) 195-202.

[41] K.A. Krishnan, T.S. Anirudhan, Uptake of heavy metals in batch systems
by sulfurized steam activated carbon prepared from sugarcane bagasse pith,
Ind. Eng. Chem. Res. 41 (20) (2002) 5085-5093.

[42] M. Nadeem, A. Mahmood, S.A. Shahid, S.S. Shah, A.M. Khalid, G.
McKay, Sorption of lead from aqueous solution by chemically modified
carbon adsorbents, J. Hazard. Mater. 138 (3) (2006) 604-613.

[43] K. Kadirvelu, C. Namasivayam, Agricultural by-product as metal adsor-
bent: sorption of lead(II) from aqueous solution onto coirpith carbon,
Environ. Technol. 21 (10) (2000) 1091-1097.

[44] A.N.A.El-Hendawy, S.E. Samra, B.S. Girgis, Adsorption characteristics of
activated carbons obtained from corncobs, Colloids Surf. A. Physicochem.
Eng. Aspects 180 (3) (2001) 209-221.

[45] S. Ricordel, S. Taha, I. Cisse, G. Dorange, Heavy metals removal by
adsorption onto peanut husks carbon: characterization, kinetic study and
modeling, Sep. Purif. Technol. 24 (3) (2001) 389-401.

[46] P. Shekinah, K. Kadirvelu, P. Kanmani, P. Senthilkumar, V. Subburam,
Adsorption of lead(IT) from aqueous solution by activated carbon prepared
from Eichhornia, J. Chem. Technol. Biotechnol. 77 (4) (2002) 458-464.

[47] E.I El-Shafey, M. Cox, A.A. Pichugin, Q. Appleton, Application of a car-
bon sorbent for the removal of cadmium and other heavy metal ions from
aqueous solution, J. Chem. Technol. Biotechnol. 77 (4) (2002) 429—436.

[48] M. Abdulkarim, F.A. Al-Rub, Adsorption of lead ions from aqueous
solution onto activated carbon and chemically-modified activated carbon
prepared from date pits, Adsorp. Sci. Technol. 22 (2) (2004) 119-134.

[49] M.M. Johns, W.E. Marshall, C.A. Toles, Agricultural by-products as granu-
lar activated carbons for adsorbing dissolved metals and organics, J. Chem.
Technol. Biotechnol. 71 (2) (1998) 131-140.



	Adsorption of lead(II) ions from aqueous solutions by activated carbon prepared from biomass plant material of Euphorbia rigida
	Introduction
	Equilibrium parameters of adsorption
	Adsorption kinetics

	Experimental
	Preparation of activated carbon and lead(II) ions solutions
	Batch adsorption studies

	Results and discussion
	Effect of adsorbent concentration on metal removal
	Effect of pH
	Effect of equilibrium contact time
	Effect of temperature on metal uptake
	Adsorption isotherms
	Kinetics of adsorption

	Conclusions
	Acknowledgement
	References


