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Abstract

Today one of the major environmental issues is the contamination of surface waters by toxic heavy metals. Such pollut-
ants cannot be decomposed in environment and jeopardize human health. Therefore, the removal of these ions from water
and wastewater has been considered as a worldwide concern. In this work, the activated carbon which was produced from
Mespilus germanica leaf was used for the removal of Ni** ions from aqueous solution, and the effect of operating param-
eters, namely solution pH (3-10), the dosage of adsorbent (0.1-0.7 g/L), contact time (10—80 min), process temperature
(298-348 K), and nickel ion initial concentration (10-70 ppm) were investigated on its adsorption percentage. Additionally,
the prepared adsorbent was characterized by BET, SEM, XRD, FTIR, and EDAX techniques. Based on the results of BET
analysis, the surface area of the adsorbent was 10.39 m%/g. The optimal nickel ions adsorption efficiency was 97.56% which
was achieved in the following optimal operating conditions: pH =7, adsorbent dosage =0.4 g/L, contact time =50 min,
298 K, and nickel ion initial concentration =60 ppm. In addition, the equilibrium and kinetic investigations showed that
Langmuir isotherm and the pseudo second-order kinetic models described the equilibrium behavior and kinetics of the current
adsorption process well. Langmuir isotherm data showed that the maximum adsorption capacity was equal to 13.08 mg/g.
Additionally, the thermodynamic study of the process indicated that Ni>* ions adsorption by the produced activated carbon
was exothermic.
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1 Introduction

As a result of development of industries, various harmful
pollutants are emitted in environment which potentially
increase the health risks. Environmental protection organiza-
tions have categorized the heavy metals ions including cad-
mium, nickel, chrome, copper, and mercury as the dangerous
environmental toxic pollutants. These pollutants, which can-
not be simply decomposed, have been emitted in environ-
ment by wastewater of industries such as plating, photogra-
phy, aerospace, atomic energy, and petrochemical facilities.
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These chemicals pollute the environmental ecologies such
as surface waters, agriculture products, and human body and
increase the risk of diseases in different body organisms like
brain, skin, liver, pancreas, and heart [1, 2]. Nickel is one
of these toxic non-decomposable metallic species which is
introduced into environment by the wastewater of industries
such as steel, batteries, and electronics [3, 4]. Researchers
have always focused on the removal of such metals from
the water and wastewater of industries using several tech-
niques like chemical deposition, electric coagulation, reverse
osmosis, electrochemical methods, and the application of ion
exchange resins [5]. The above mentioned techniques have
some disadvantages like sedimentation and low capacities
and low efficiencies. Additionally, they require a permanent
control strategy. Because of all of the mentioned defects,
the application of effective techniques with high efficien-
cies and low cost of operation for the uptake of heavy metal
pollutants is increasingly recognized as a serious worldwide
requirement. Several advantageous features such as low cost
operation, simplicity, acceptable efficiency, capability of the
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adsorbent recovery, and reasonable removal rate have made
the adsorption as a major area of interest within the field
of treatment of wastewaters polluted by heavy metal ions
[6]. The low cost of adsorption operation can be attributed
to the possibility of production of activated carbon-based
adsorbents from agricultural wastes. Some of such waste
products which have been used for this purpose are pieces
of pat woods, charcoal, coconut shell, and fruit and nut peel.
As a result of recent developments in the field of adsorp-
tion process, preparation of low-cost activated carbon-based
adsorbents for the treatment of wastewaters include heavy
metals has received renewed interest [7]. Several properties
of the prepared adsorbents such as porosity and chemical
structure affect their adsorption capability, since these fea-
tures influence the interactions between polar and nonpolar
pollutants and the adsorbent’s active sites directly [8].

The adsorption of heavy metals from aqueous systems
by activated carbon-based adsorbents produced from the
different plant components has been the object of many
researches. Some of the applied adsorbents are prepared
from date stones [9], pistachio shell [10], pecan nutshell
[11], honeydew peels [12], Citrus limetta [13], and waste
potato peels [14] and were used for removal of heavy metal
ions from wastewater. Despite the high number of studies
related to this field, the development of appropriate adsor-
bents is still necessary.

The central thesis of this paper is the application of an
activated carbon-based adsorbent derived from the leaf of
the Mespilus germanica in order to remove nickel(Il) ions
from aqueous solutions. Additionally, the produced activated
carbon was analyzed through BET, SEM, XRD, FTIR, and
EDAX techniques. The significance of operating variables
namely solution pH, dosage of adsorbent, contact time, tem-
perature, and nickel ion initial concentration were examined
with respect to removal efficiency of nickel(Il) ion. Lang-
muir and Freundlich isotherms were applied to describe the
equilibrium behavior of the adsorption process. In addition,
the kinetic investigations were done by pseudo-first-order
and second-order kinetic models, and enthalpy, entropy, and
Gibbs free energy were studied in various temperatures to
evaluate the thermodynamic behavior of the process.

2 Materials and Methods
2.1 Chemicals

In this work, the wastes of gardens in Bushehr province
(Iran) were used as the source of leaves of Mespilus german-
ica for the preparation of the activated carbon. Nickel(II)
nitrate (Ni(NOj;),) was purchased from Merck company
(Germany) and used as received. In order to adjust the
solution pH, HCI and NaOH were purchased (Merck Co.,

)
&

@ Springer

Germany) and were used as received. Additionally, the solu-
tions containing nickel(II) ions were prepared by double-
distilled water.

2.2 Preparation of Activated Carbon

As the initial step, the collected leaves were washed by
double-distilled water to remove dust and other impuri-
ties. Afterward, they were placed in an oven for 120 min at
100 °C to be dried completely. Then, the dried leaves were
placed in a vacuum furnace at the temperature of 550 °C for
about 180 min to convert into carbon. The achieved carbon
was grinded using an electric grinder and graded by sieve
No. 25 (ASTMEI11) to prepare activated carbon for further
use as the adsorbent.

2.3 Equipment and Instruments

A flame atomic adsorption device (Young lin, model AAS-
8020) was used for the measurement of the residual nickel
ion concentration in aqueous solutions after adsorption.
Additionally, Metrohn digital pH meter was used to measure
the pH of solutions. The activated carbon’s surface func-
tional groups and their variations after the adsorption were
determined using Bomem MB-series FTR spectrometer.
Moreover, the surface structure and the morphology of the
activated carbon were studied by SEM TESCAN, while the
crystalline phases of the adsorbent were characterized by a
GNR MPD 3000 XRD device. Furthermore, the elements
present in the adsorbent structure were determined using
EDAX analysis (Philips-x130), and its surface area was
measured by BET device (SAP2020A).

2.4 Preparation of Stock Solution and Adsorption
Experiments

In order to synthesize the stock solution of nickel(Il) ions
an accurately weighted amount of nickel(I) nitrate was dis-
solved in double-distilled water in a 100-mL beaker. The
desired concentrations of nickel ion was then prepared by
dilution of the prior solution. Additionally, pH of the solu-
tions for the adsorption tests were adjusted using 1 M HCI
and 1 M NaOH.

Nickel(II) ions batch adsorption experiments were per-
formed by varying the parameters included solution pH
(3-10), dosage of adsorbent (0.1-0.7 g/L), contact time
(10-80 min), process temperature (298-348 K), and nickel
ion initial concentration (10-70 ppm). It is worth noting that
the stirring rate was set at 200 rpm for all of the experiments.

The experiments were started by investigating the effect
of pH and determining its optimal value for nickel(II) ions
adsorption. To attain this goal, different samples of 100 mL
Ni ions aqueous solutions in pH range of 3—10, concentration
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value of 30 ppm, adsorbent dosage of 0.1 g/L, 60 min, and at
room temperature were prepared and tested. When the opti-
mized pH value was achieved, the next adsorption tests were
performed at the pH optimal value. During the optimization
of each parameter, the others were set in the optimal values
and their significance were studied in the above mentioned
ranges. After each adsorption experiment, the adsorbent
was separated from the achieved solution by Whatman fil-
ter paper 42 and the residual nickel was determined using a
flame atomic adsorption device. Then using Egs. (1) and (2),
the nickel ions adsorption percentage (%R) and the adsorp-
tion capacity (g,) were determined, respectively:

C.-C,
R(%)=< c >><100 (1)

i

_ Ci_Co %
qe—( = )x @

where C; is the initial concentration of the metal ions (mg/1),
C, is the equilibrium concentration of the metal ions (mg/1),
Vis the volume of solution (L), W is the weight of the dried
adsorbent (g), R is the heavy metal ions adsorption percent-
age, and ¢, is the adsorption capacity per gram of dried
adsorbent (mg/g).

3 Results and Discussion
3.1 Characterization of the Adsorbent

In this study, BET analysis showed that the surface area of
the adsorbent produced from the leaves of Mespilus ger-
manica tree was equal to 10.39 m%/g.

i # ‘ h = § 2
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The surface variations of the current adsorbent was
investigated before and after the process by SEM analysis.
In order to prepare the activated carbon samples for SEM,
they were coated by a thin gold layer in the vacuum condi-
tion. The SEM micrographs are presented in Fig. 1. It can
be observed there are pores, ripplings, and holes on the
adsorbent surface which increase its specific surface area
and vacant active sites for nickel ions adsorption (Fig. 1a).
Moreover, it can be clearly seen that the majority of the sur-
face holes were occupied and covered by the adsorbed ions
after the adsorption process (Fig. 1b).

XRD analysis output of the activated carbon produced
from the Mespilus germanica leaves is shown in Fig. 2. As
it can be observed there is a peak in 260 =29° which is the
characteristic of carbon and its crystalline structure. There
are some other peaks in 20=23° and 47° which represent
the dispersions of graphite structure of the activated carbon
sample [15].

The effect of adsorption of nickel ions on the surface
functional groups of the prepared adsorbent was studied by
FTIR analysis in the spectrum range of 400-4000 cm™'and
the results are shown Fig. 3. The peak which is seen in
719.795 cm™! is associated to the tension bond of —C—H
aromatic functional group [16]. There are some other
peaks in the wavenumbers 1017.45 cm™!, 1458.01 ecm™!,
2923.82 cm™', 3434.42 cm™, and 3745.05 cm™ which are
attributed to aromatic ring, amide bonds, C—H (stretching),
N-H, and H-O (alcohol) functional groups, respectively
[17-21]. The changes in the FTIR spectrum after nickel ion
adsorption is obvious (Fig. 3b). There is a peak in wave-
number of 481.07 cm™! which is associated with C—I func-
tional group while the peak in wavenumber of 620.48 cm™!
is related to N—H functional group [22, 23]. There are some
other peaks in frequencies 1120.7 cm™!, 1433.7 cm™!,

WD 4.08 mim
Dwi: InBeam SE A0 pm

o’ J
SEM HV: 15.0 KV MIRAD TRSCAN

Fig. 1 SEM micrographs of the adsorbent; a before the adsorption and b after the adsorption
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Fig.2 XRD analysis of the produced activated carbon
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Fig.3 FTIR diagram of the adsorbent a before and b after the
adsorption process

1617.11 cm™',2030.69 cm™', 3236.37 cm™', 3412.12 cm™,
and 3552.62 cm™!, which are related to C—O, P=0, aromatic
ring, Rh'(CO)2, N-H (tensile bond), O-H, and OH (alcohol
with hydrogen bond), respectively [24-30]. The most strik-
ing result to emerge from the current FTIR spectrum is that
the functional groups play a major role in the adsorption
process [31-33].

The other technique which was performed to character-
ize the produced adsorbent from the Mespilus germanica
leaves was EDAX, and its results are presented in Fig. 4
and Table 1. Based on these data, it can be concluded that
carbon and oxygen are the main constituents of the pro-
duced adsorbent before the adsorption process, since their
weight percentages are 25.8 and 38.89, respectively. The

@ Springer
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Fig.4 Result of EDAX analysis; a before the adsorption and b after
the adsorption

other elements and their weight percentages are presented in
Table 1. EDAX analysis after the adsorption process shows
the presence of nickel (1.39%) on the adsorbent. Obviously
carbon is the main constituent (46.97 wt%) again. It should
be noted that the low value of nickel can be related to the
local analysis of the elements.

3.2 Effect of Solution pH

One of the significant parameters which affects the adsorp-
tion process is the solution pH [34]. There is an intense
competition between hydrogen (H*) and other ions in the
solution for adsorption on adsorbent. Additionally, pH
of solution changes the adsorbent surface charge and the
adsorbate (nickel ion) ionization degree during the adsorp-
tion process. In this research, solution pH was changed in
the range of 3—10 and its effect on the nickel ions adsorption
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Table 1 Result of EDAX

. . Adsorbent Element Wt% Atomic %  Adsorbent Element Wt% Atomic %
analysis before the adsorption
and after the adsorption Before adsorption  C 2580  37.47 After adsorption  C 4697  66.09
N 3.86 4.81 (0] 23.38  24.18
o 38.89 4240 Mg 1.66 1.13
Mg 1.39 1.00 Cl 5.54 1.19
Al 2.11 1.37 Al 0.34 0.21
Si 4.40 2.73 Si 1.16 0.69
S 1.22 0.66 Ni 1.39 1.12
Cl 1.15 0.57 K 2.20 0.93
K 6.81 3.04 Ca 10.19 4.21
Ca 11.96 5.20 Fe 0.15 0.05
Fe 2.39 0.75 Cu 0.29 0.08
Total 100.00 100.00 Zn 0.39 0.10
Au 13.84 1.16
Total 100.00 100.00
100 100
96 A
g 951 o
3 3\5 92 A
= 2
= £
< 90 - Z 88 1
<
84 -
85 T T T T T
0 2 4 6 8 10 12 30 : : :
pH 0 0.2 0.4 0.6 0.8
Adsorbent Dosage (g/L)

Fig.5 Effect of solution pH on nickel ions removal percentage using
the activated carbon produced from Mespilus germanica leaves
(Ni2+ =30 ppm, #,=60 min, m=0.1 g/L, T=298 K)

percentage using activated carbon produced from the Mespi-
lus germanica leaves is shown in Fig. 5.

As it can be obviously observed in Fig. 5, the adsorption
percentage registered a rise from 87 to 93.4% when pH was
changed in the range of 3—7, and it decreased after pH="7.
In low pH values the concentration of H* ions in the solu-
tion is so high that they overcome the other metallic cations
in competition for relocating on the adsorbent surface by
repulsive electrostatic interactions between H* cations and
metallic ions [35]. In pH range of 3-7, it can be said that
the lower the pH value, the lower the adsorption efficiency.
In the range of alkali pH values, the adsorption percentage
declined. This can be related to the removal of cations and
the presence of OH™ ions in the solution and the forma-
tion of metallic hydroxides. Overall, pH=7 is the optimum

Fig.6 The adsorbent dosage effect on nickel ions removal percentage
using the activated carbon produced from the Mespilus germanica
leaves (Ni2+ =30 ppm, f,=60 min, pH=7, T=298 K)

value in the current adsorption process. There are similari-
ties between the attitudes expressed in this study and those
described by Dong et al. [36] and Rathinam et al. [37].

3.3 Effect of Adsorbent Dosage

Prior studies have noted the importance of adsorbent dos-
age in adsorption process since the adsorption capacity of
the applied adsorbent is determined in any concentration
of metallic ions by this variable [38]. Figure 6 presents
the effect of adsorbent dosage on removal percentage of
nickel(IT) ions from aqueous solution. In this figure, there
is a clear trend of increase of adsorption efficiency from 81
to 95% when the adsorption dosage changed between 0.1
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and 0.4 g/L. Additionally, there was not any further rise in
adsorption percentage after this point. An explanation for the
increase in the adsorption efficiency in the early stage of the
diagram might be that the produced adsorbent’s surface area
and the number of active sites are so high. These findings
further support the idea that says the maximum adsorption
occurs in an appropriate dosage of the adsorbent and no sig-
nificant adsorption was found for the residual cations after
this point [39].

3.4 Effect of Contact Time

Figure 7 presents the effect of adsorption time on the adsorp-
tion efficiency of nickel heavy metal ions using the current
adsorbent in the range of 10-80 min.

It is apparent from this figure that the optimum value of
contact time for the adsorption of nickel is 50 min (adsorp-
tion efficiency of 97%). From the data in Fig. 7, it is clear
that adsorption rate is very high in the early values of con-
tact time. This result may be explained by the fact that the
number of active sites on the adsorbent is so high when the
adsorption started, therefore metallic ions locate on these
sites. Consequently, the adsorption efficiency increased with
time and then became constant after 50 min. The adsorption
is in the equilibrium state at this point as the result of satu-
ration of active sites by the metallic ions [40]. Overall, the
contact time of 50 min is the optimum time for the current
adsorption process.

3.5 Effect of Process Temperature

Process temperature is another parameter which affects the
efficiency of an adsorption process, since it determines its

100

98 A
96 -
94 A
92 A
90 A

Adsorption (%)

88
86 -

84 T
0 50 100

Contact Time (min)

Fig.7 The variations of adsorption percentage with contact time
(Ni?* =30 ppm, pH=7, m=0.4 g/L, T=298 K)
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exothermic/endothermic status. From Fig. 8, it can be seen
that temperature had a negative impact on the adsorption of
nickel ions in the range of 298-348 K. Therefore, it can be
concluded that the process was exothermic and no chemical
bonds were formed during the adsorption. There are several
possible explanations for this result. One is that the adsorbed
metal has the tendency of separation from the adsorbent and
returning into the solution [41]. Considering this figure, in
the current adsorption process the optimum temperature was
298 K, where the adsorption efficiency was 95.5%.

3.6 Effect of lon Initial Concentration

During the adsorption process, the initial ion concentration
plays a major role as a mass transfer driving force between
the adsorbent and solution. The effect of this parameter on
the adsorption efficiency is shown in Fig. 9. At initial con-
centration values, the ratio of the active sites to the nickel
ion initial concentration is relatively high, and therefore
they were adsorbed because of high interactions between
the adsorbent and nickel ions. Additionally, a positive corre-
lation was found between adsorption capacity (g,) and initial
nickel ion concentration. The explanation for such a trend is
that the collisions of the ions and the adsorbent is so frequent
which increases the diffusion into the adsorbent structure.
The higher adsorption capacity can be associated to the high
driving force between the solution and the solid phase.

3.7 Equilibrium Study
As an important component of the adsorption, isotherms are

used to explain the interactions between the adsorbent and
pollutants. In this study Langmuir and Freundlich isotherm

100
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Fig.8 The effect of process temperature on nickel ions removal per-

centage (Ni** =30 ppm, pH=7, m=0.4 g/L, t,=50 min)
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Fig.9 The changes of nickel ions adsorption percentage with the ion
initial concentration (=298 K, pH=7, m=0.4 g/L, t,=50 min)

models were applied to investigate the equilibrium behavior
of nickel ions adsorption. Langmuir adsorption isotherm is
used for the single-layer adsorption with finite number of
surface active sites [42]. The linear form of this model is as
the following:

9  Kigm \Ce/ 4m

As the Langmuir constants, g, is the maximum adsorp-
tion capacity (mg/g) and K is the adsorption energy (L/g).
In addition, g, and C, are the equilibrium capacity (mg/g)
and the equilibrium concentration of the contaminant
(mg/L). In order to calculate these constants, the slope and
intercept of 1/q, versus 1/C, are determined. One of the
principal uses of Langmuir constant is to find the adsorp-
tion intensity (R;) using Eq. (4). For Ry > 1, R, =0, R, =1
and 0 <R; <1, it can be said that the process is undesirable,
irreversible, and linear and desirable, respectively.

1
R= ———
LT 14K G, ©)

Freundlich adsorption isotherm describes the adsorption
processes on heterogeneous surfaces with uniform energy
sites [43]. Equation (5) shows the linear form of Freundlich
model:

1
log qe = log KF + Z log Ce (5)

where K and n are the Freundlich isotherm constants and
are used to explain the relation between the adsorption inten-
sity and its capacity and are calculated using the slope and
intercept of log g, versus log C,. The value of constant n
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Fig. 10 The diagrams of Langmuir and Freundlich isotherms for
nickel(II) ions adsorption

shows the deviation in the adsorbent behavior from the linear
adsorption. If 1/n is between 0 and 1, adsorption is non-
uniform. When it is lower and higher than 1, the process
is a linear chemical and physical adsorption, respectively.
The results of the equilibrium analysis are reported in
Fig. 10 and Table 2. These data illustrate some main char-
acteristics of the current adsorption process. It is apparent
from the results that Langmuir isotherm correlation coeffi-
cient (R?) is higher than R? value of Freundlich model, which
shows its higher capability of fitting the data and describing
the isotherm behavior of nickel(II) adsorption using the acti-
vated carbon produced from the Mespilus germanica leaves.
Additionally, it can be concluded that it is a single layer
adsorption process on a homogeneous adsorbent. In addi-
tion, the value of parameter n of Freundlich model was 0.2,
which suggests that the adsorption of nickel ions is physical
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Table2 Estimated parameters for Langmuir and Freundlich iso-
therms for the adsorption of nickel(Il) ions at m=0.4 g, pH=7,
t,=50 min, T=298 K

Isotherm Parameter Value

Langmuir 4, (mg/g) 13.08
K, (L/mg) 0.63
R? 0.9831

Freundlich n 0.20
Kg (mg)! ™" L" ¢! 19.54
R? 0.9661

and desirable. The value of ¢,, was 13.08 mg/g, which is
comparable with the results of other researches [35].

3.8 Thermodynamic Study

The purpose of thermodynamic study is to determine param-
eters like enthalpy (AH®), entropy (AS°), and Gibbs free
energy (AG®) in order to describe the reaction equilibrium.
Having the adsorption equilibrium constant (K), the ther-
modynamic parameters can be calculated using Egs. (6)—(8)
[44-46]:

C q
K = ﬁ - 1c (6)
CA Ce
AG®° = —RTInK @)
AS°  AH®
InK = -
n R RT ®)

In these equations R, T, and K are the universal gas con-
stant (8.314 J/mol K), absolute temperature, and adsorption
equilibrium constant, respectively. C,g is the concentra-
tion of the adsorbed ion on the adsorbent surface (mg/L),
while C, is the residual ion concentration in the solution at
equilibrium time (mg/L). AH° and AS® values are achieved
from the slope and intercept of InK versus 1/7 (Fig. 11). For
AH°> 0 the process is endothermic while it is exothermic
when AH° <0. Considering the negative values of AH®,
AS°, and AG® presented in Table 3, the current adsorption
process using the activated carbon produced from the Mespi-
lus germanica leaves is relatively spontaneous. Additionally,
by increasing the temperature, Gibbs free energy declined,
which confirms the spontaneity of the process with tem-
perature. Based on the data in Fig. 11 and Table 3, the nega-
tive value of AH® (— 34.468 kJ/mol) shows that the adsorp-
tion efficiency decreased with temperature. Furthermore, it
can be said that adsorption of nickel(II) ions is probably
physical. Since the current process is exothermic, consider-
ing the Le Chatelier’s principle, the decrease in adsorption

@ Springer
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Fig. 11 Thermodynamic plot for adsorption of nickel(II) ions using
activated carbon produced from the Mespilus germanica leaves

efficiency with temperature is followed by relatively reduced
irregularities.

3.9 Kinetic Study

Since valuable information can be achieved about the reac-
tion path and control of adsorption process through the
kinetic study of the process, the study of adsorption kinetic
models is of great importance [47]. In the current study the
kinetic behavior of Ni(II) adsorption process is done by
using pseudo-first-order and second-order kinetic models.
Equations (9) and (10) show the linear form of these models,
respectively [32]:

ln(Qe - qt) =In 9e — klt (9)
r__1
4 kg q. (10)

where k; and k, are the pseudo first-order and the pseudo
second-order rate constants, g, is the adsorption capacity at
time # (mg/g), and 7 is time (min). The values of k; and g, .,

Table 3 Thermodynamic parameters of nickel(Il) ions adsorption

T (K) K AG® AH® AS°
208 21.2 -17.56 —34.468 —-89.27
308 13.08 -6.58

318 8.52 —5.66

328 5.53 —4.66

338 45 —4.24

348 3.63 -37
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are determined by plotting the variations of In(g, —g,) versus
t, and k, and g, are calculated from the diagram of #/q, versus
t from the pseudo second-order linear form.

The results of kinetic study of the current adsorption pro-
cess are indicated in Fig. 12 and Table 4. Since the R? value
of the pseudo second-order kinetic model (0.9997) is con-
siderably higher than that of the pseudo-first-order kinetic
model (0.9507), the former model is capable of describ-
ing the kinetics of nickel(Il) ions better than the latter one.
Furthermore, k; is lower than k,, which mirrors the above
mentioned results. Additionally, the maximum adsorption
capacity calculated by the pseudo first-order kinetic model
(geca) 18 lower than the value measured from the experi-
mental data (¢, ), Which confirms the weakness of this
model for the description of adsorption kinetics of the cur-
rent process. The maximum adsorption capacity which is
calculated during the pseudo-second-order kinetic model

1.2

(@

Oy -0.0372x + 1.3671
. R?*=0.9507

o o
(@)} o]
1 1

<
N
1
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Fig. 12 Kinetic diagrams of Ni(II) adsorption process; a pseudo-first-
order and b second-order kinetic model

Table 4 Kinetic parameters of nickel(I)
(Ninr =60 ppm, #,=50 min, pH=7, T=298 K, m=0.4 g)

adsorption o

Kinetic model Parameter Value
Pseudo-first-order Ge.cal (ME/2) 23.28
K, (min~!) 0.1
R? 0.9507
Pseudo-second-order Ge cal (ME/2) 75
K,x 1073 (g/mg min) 6.924
R 0.9995
Ge.exp (ME/E) 72.75

analysis is 75 mg/g, which is in an acceptable accordance
with the measured value. Considering these results, it can
be said that pseudo-second-order kinetic model performed
better than the other model in description of kinetic behav-
ior of adsorption for nickel(Il) ions using activated carbon
produced from the Mespilus germanica leaves.

3.10 Comparison with Previous Studies

One of the goals of this study was to compare the adsorption
capacity of the current adsorbent with other ones reported
in the literature. Based on the data illustrated in Table 5,
the maximum adsorption capacity of the activated carbon
produced from the Mespilus germanica leaves calculated by
Langmuir model was higher than the adsorbent which are
based on activated carbon, although it is considerably lower
than the adsorption capacity of the more complex ones.

4 Conclusions

This paper has examined the efficiency of an adsorbent pre-
pared from Mespilus germanica leaves for the adsorption
of nickel(II) ions from aqueous solutions. Initially, the pro-
duced activated carbon was characterized using BET, SEM,
FTIR, XRD, and EDAX analyses. Thereafter the effects of
operating parameters such as solution pH, adsorbent dosage,
contact time, temperature, and initial concentration of nickel
ions on their uptake percentage were investigated. The find-
ings showed that the maximum adsorption efficiency which
was equal to 97.56% was achieved in pH =7, adsorbent dos-
age of 0.4 g/L, contact time of 50 min, temperature of 298 K,
and initial ion concentration of 60 ppm. Using Langmuir
and Freundlich adsorption isotherms, it was shown that the
former can match the data better than the latter. Additionally,
using Langmuir adsorption isotherm, the maximum adsorp-
tion capacity was calculated equal to 13.08 mg/g. Further-
more the results suggested that the adsorption of nickel(II)
ions was physical. Considering the findings of the thermody-
namic study, Gibbs free energy was negative, which showed
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Table 5 .Comparison l?etween References Adsorbent Adsorption
the maximum adsorption capacity
capacity of the current (mg/g)
adsorbent and other adsorbents
reported in the literature [35, [48] Multiwalled carbon nanotubes 6.09
48571 [49] Macroporous NiZ*-imprinted chitosan foam 69.93
[50] Three-dimensional macroporous cellulose-based bioadsorbents 171.8
[51] Sugarcane bagasse-derived ZnCl,-activated carbon 2.99
[52] Activated carbon prepared from cherry kernels 76.27
[53] KOH-activated carbon from banana peel 27.4
[54] Activated carbon 4.36
[55] Turkish lignite 13.0
[26] Carbon aerogel 2.80
[57] Waste of tea factory 11.17
[35] Bentonite/Fe;0, nanocomposite 5.9808
This study Activated carbon from Mespilus germanica leaf 13.08

that it was a spontaneous process. In addition, the value of
AH° confirmed that the process was exothermic. The results
of kinetic study indicated that the pseudo second-order
kinetic model was more capable than the pseudo first-order
model in fitting the kinetic data of adsorption for nickel(II)
ions. Taken together, these results suggest that the current
adsorbent can be considered as a suitable one for the treat-
ment of wastewaters containing heavy metal ions.
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