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In this study, activated carbon cloth (ACC) derived from cypress fruit was employed to investigate the adsorption of Pb2+, Cd2+,
and Co2+ from synthetic aqueous systems. Te correlation between adsorption features (pH, adsorbent dosage, temperature,
initial ion concentration, and contact time) and adsorbent removal efciency was investigated. Analysis by FT-IR, SEM, and EDS
was employed to confrm the adsorption of metal ions onto the ACC. Results revealed the best adsorption efciencies for heavy
metal ions were attained at pH= 7, 11, 6; the adsorbent dosage of 0.06, 0.08, and 0.04 g for Pb2+, Cd2+, and Co2+, respectively; the
ion initial concentration of 50mg·L−1 for Pb2+ and 70mg·L−1 for both Co2+ and Cd2+; and contact time of 90minutes for both
Pb2+ and Co2+ and 120minutes for Cd2+. Kinetic studies exposed the second-order adsorption of all aforementioned heavy metal
ions. Additionally, the equilibrium data were ftted by Langmuir and Freundlich’s isotherms, while the former performed better
than the latter.Temaximum adsorption capacity values for Pb2+, Co2+, and Cd2+ were attained to 81.87, 55.30, and 117.3mg·g−1,
respectively. Considering the thermodynamic data, the studied processes were exothermic and spontaneous.

1. Introduction

Water pollution is a global environmental challenge that
continues to pose signifcant threats to the well-being of both
ecosystems and human populations. As one of the most vital
resources on our planet, water serves as a lifeline for all living
organisms, sustaining biodiversity, agriculture, industry,
and domestic needs [1]. However, human activities, in-
dustrialization, agricultural practices, and improper waste
disposal have led to the contamination of water bodies with
various pollutants. Tese contaminants include a broad
variety of materials that end up in rivers, lakes, seas, and
groundwater sources, such as heavy metals, hazardous
compounds, fertilizers, and microplastics [2]. Te efects of
water pollution are extensive, leading to the deterioration of
aquatic environments, a decline in biodiversity, and the
threat to many species. Furthermore, drinking tainted water
puts one’s health in danger for both acute and chronic

illnesses. Since the level of water pollution is still rising,
strong scientifc research, environmentally friendly man-
agement techniques, and cooperative eforts at the local,
national, and international levels are all needed to address
this situation [3]. An urgent environmental worry nowadays
is heavy metal pollution, which is brought on by the dis-
charge of hazardous elements like lead (Pb), cobalt (Co),
chromium (Cr), mercury (Hg), and cadmium (Cd) into the
environment. Because they are the result of several an-
thropogenic activities, these heavy metals are extremely
dangerous to natural systems and human health. It is well
known that hazardous elements may bioaccumulate in or-
ganisms and be persistent in the environment. Tis can have
detrimental consequences on human organs, such as the
kidneys, liver, and nervous system. Furthermore, the im-
balance of an ecosystem is upset by heavy metal contami-
nation, which hurts plant growth, soil fertility, and aquatic
life. Providing efcient mitigation solutions requires an
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understanding of the origins, distribution, and mechanisms
of heavy metal contamination [4]. Te development of
operative and competent technologies for the removal of
heavy metal is serious as the issue of heavy metal-induced
water contamination arises. Adsorption is one of the most
promising and well-studied strategies for removing heavy
metals from water [5]. Adsorption is constructed on the
interaction of an adsorbent surface with the heavy metal ions
existing in the water, which causes the ions to be engaged
and removed [6]. Tis study focused on the removal of Pb2+,
Co2+, and Cd2+ because they are widely recognized as en-
vironmental pollutants with signifcant implications for
human health and ecosystems. Terefore, they have
a prevalence and potential impact on water quality. Tese
ions are also known to pose serious health risks even at low
concentrations. Child neurotoxicity from Pb2+ is well
known. Exposure to cobalt ions leads to respiratory and
cardiovascular concerns, whereas exposure to cadmium ions
leads to kidney damage and other health complications. It is
required to investigate these metals to realize and lower their
potential adverse health efects. Cypress fruit was preferred
as an adsorbent in this study because of its availability and
approachability in the region and due to the exhibit of
distinctive features that strengthen its adsorption capacity.
Te cypress fruit-based activated carbon is characterized by
its porous structure, which grants it a signifcant surface area
and enhances its efectiveness in arresting pollutants.
Moreover, the adsorption efectiveness of cypress fruit is
prompted by its intrinsic chemical composition, which is in
turn infuenced by the local climate and soil conditions. Te
objective of this study is to evaluate the potential of
employing cypress fruit-based activated carbon as an ad-
sorbent for removing Pb2+, Co2+, and Cd2+ from water. Tis
study also focuses on optimizing the conditions for efcient
adsorption, studying features, such as adsorbent dosage, pH,
agitation time, and initial metal ion concentration. By
achieving high metal removal efciency via adsorption onto
cypress fruit-based activated carbon, this research intends to
improve the remediation of water, reduce environmental
contamination, and promote sustainable water treatment.

2. Materials and Methods

2.1. Chemicals. Lead (II) nitrate, cobalt (II) nitrate hexa-
hydrate, and cadmium nitrate were purchased from Sigma-
Aldrich. Sodium hydroxide and hydrochloric acid were
obtained from Floka. Double-distilled water was used for the
preparation of all solutions.

2.2. Preparation of Solutions. 1000 ppm stock solutions of
Pb(NO3)2, Co(NO3)2·6H2O, and Cd(NO3)2 were prepared
in double-distilled water in three separate 100-mL volu-
metric fasks. Tereafter, the stock solutions were diluted
with distilled water to the desired concentrations. A solution
mixture of the three metal ions was prepared from the stock
solutions, with prescribed concentrations of each. Te
pH value of the solutions was adjusted using sodium hy-
droxide and hydrochloric acid (0.5M).

2.3. Te Preparation and Characterization of Adsorbent.
Cypress fruit was collected from the Isra University campus
in Jordan. Subsequently, the cypress fruits were rinsed, dried
at 80°C for 48 hours, ground, impregnated with 98%
phosphoric acid, heated to 450°C, and then washed to
neutralization [7]. Te activated carbon cloth (ACC) that
was prepared experienced a procedure involving crushing
and sieving, which led to the achievement of a particle size
measuring 180 μm. Te functional groups at the ACC
surface were assessed using Fourier transform infrared (FT-
IR, TENSORmodel from BRUKER).Te adsorption process
was confrmed using the scanning electron microscopy
(SEM, Apreo 2 S LoVac) technique.

2.4. Adsorption Experiment. A solution with varying con-
centrations of the heavy metal ion was combined with
a specifc quantity of ACC and afterward agitated for
a predetermined duration. Te quantifcation of the long-
term presence of the heavymetal ion was conducted utilizing
an atomic absorption spectrometer. Te study investigated
the adsorption parameters, including the dose of activated
carbon cloth (ACC), the initial concentration of the heavy
metal ion, the pH of the solution, the duration of agitation,
and the temperature. An experiment was performed using
a mixture solution of the three metal ions at the found
optimal conditions. Te amount of the heavy metal ion was
analyzed using a ContrAA 800 Atomic Absorption Spec-
trometer. Equations (1) and (2), as proposed by [8], were
utilized to quantify the concentration of the heavy metal ion
and calculate the percentage of removal achieved by ACC.

%Removal �
Ci − Ceq􏼐 􏼑

Ceq
× 100, (1)

qe �
Ci − Ceq􏼐 􏼑V

w
. (2)

Te adsorbed amount of heavy metal ions in milligrams
per gram (mg/g) is expressed as qe, and the initial con-
centration of heavy metal ions in milligrams per liter (mg/L)
is expressed as Ci. C represents the equilibrium concen-
tration of heavy metal ions in milligrams per liter (mg/L), V
represents the volume of the solution in liters (L), and m
represents the mass of the ACC in grams (g).

3. Results and Discussion

3.1. Characterization of Adsorbent

3.1.1. FT-IR. FT-IR instrument with ATR unit (TENSOR
model, BRUKER, Germany) was used to analyze samples.
Te presence of distinct peaks in the FT-IR spectra (Figure 1)
confrmed the presence of specifc functional groups, which
are essential for understanding their adsorption properties
and potential applications. Te FT-IR analysis conducted on
the samples, namely, ACC adsorbent, ACC-Pb2+, ACC-
Co2+, and ACC-Cd2+, indicated the presence of several
functional groups in each of them. Consequently, as shown
in Table 1, the presence of heavy metal ions (Pb2+, Co2+, and
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Cd2+) on ACC is confrmed by the apparent variations in
both absorbance and intensity. For example, there are shifts
in peaks related to C-H, C�O, and O-H groups after the
adsorption of heavy metal ions. Te appearance of peaks in
the range of 400–600 cm−1, for example, at 507, 481, and
489 cm−1 for Pb2+, Co2+, and Cd2+, respectively, confrmed
the coordination between metal ions and oxygen atoms on
the ACC surface.

3.1.2. SEM and EDS. Te changes in surface characteristics
of ACC adsorbent after the adsorption of the heavymetal ion
(Pb2+, Co2+, Cd2+, and Mix) confrm the adsorption process
as shown in Figures 2(a)–2(e).

Scanning electron microscopy (SEM) analysis was
employed to investigate the changes in the pore and surface
characteristics of the ACC samples both before and after ion
adsorption. According to the SEM picture depicted in
Figure 2(a), it can be observed that the surface of the ad-
sorbent material exhibits a porous structure, characterized
by a signifcant quantity of pores distributed over its surface.
Tis morphology renders the adsorbent material suitable for
efectively removing contaminants. Additionally, the SEM
micrographs presented in Figures 2(b)–2(e) present the
adsorbent’s surface after the proftable removal of Pb2+,
Co2+, Cd2+, and a mixture of the three ions. Tese micro-
graphs reveal that the surface pores were efectively covered
anticipating the adsorption of the aforementioned ions.
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Figure 1: FT-IR analysis.

Table 1: FT-IR results of ACC, ACC-Pb2+, ACC-Co2+, and ACC-Cd2+.

ACC (cm−1) ACC-Pb2+ (cm−1) ACC-Co2+ (cm−1) ACC-Cd2+ (cm−1)
O-H stretching vibration 3696 3710 3369 3378
C-H stretching 2781 2672 2687 3040
C�O stretching vibration 1723 1702 1754 1754
C-H bending 1545 1567 1456 1595
Aromatic-CH group 1021 1024 932 1074
Metal ion-O stretching — 419, 507 433, 447, 481 316, 489
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Te EDS analysis fndings (Figure 3) show the presence
of many elements, such as carbon (C), oxygen (O), phos-
phorus (P), sodium (Na), and potassium (K), in the ad-
sorbent (ACC) that was synthesized. Furthermore, after the
adsorption process of Pb2+, Co2+, and Cd2+, it is evident
from the results of the EDS study that these elements were
detected after adsorption. Tis observation signifes that the
aforementioned ions were efectively adsorbed by ACC.
Moreover, carbon has emerged as a prominent element
within the studied samples of activated carbon. According to
the data presented in Table 2, the weight percentages of Pb2+,
Co2+, and Cd2+ within the activated carbon framework were
found to be 5.64%, 3.39%, and 6.85%, respectively. Tis
implies that the aforementioned ions have been afxed to the
active sites of the ACC through the adsorption process. Te
data presented in the fgures also indicate a greater afnity of
the adsorbent derived from cypress fruit for the removal of
cadmium ions from the aqueous solution, as compared to
the other two ions.

3.2. Batch Adsorption

3.2.1. Impact of the Adsorbent Mass. Te percentage of
adsorption is infuenced by the total amount of the adsor-
bent material. In the present investigation, the administered
amount of ACC ranges from 0.02 to 0.1 grams, with the
temperature maintained at 25.0± 1°C. Te results presented
in Figure 4 demonstrate the most efective amount of ACC
for the removal of Pb2+, Co2+, and Cd2+, which have been
determined to be 0.06, 0.08, and 0.04 g, respectively. Tere
has been a notable increase in the adsorption of the
aforementioned ions starting out, attributed to the presence
of easily accessible active sites for adsorption. However, this
adsorption decreases as the system approaches equilibrium.

3.2.2. Impact of the Ions Initial Concentration. Te study
investigated the infuence of the initial concentration on the
adsorption of the heavy metal ions aforementioned on ACC.
Te concentration range experienced was between 30 and

(a) (b)

(c) (d)

(e)

Figure 2: SEM analysis of (a) ACC, (b) ACC-Pb2+, (c) ACC-Co2+, (d) ACC-Cd2+, and (e) ACC-Mix.
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120mg·L−1 at 25± 1°C. Figure 5 demonstrates the infuence
of the initial concentration on the adsorption of heavy metal
ions onto ACC. Te experiment yielded ideal adsorption
percentages of 96.48% for Pb2+, 83.54% for Co2+, and 91.21%
for Cd2+ onto ACC samples weighing 0.06 g, 0.08 g, and
0.04 g, respectively. Te optimal concentrations of Pb2+,
Co2+, and Cd2+ were found to be 50, 70, and 70mg·L−1,
respectively. Te rise in the concentration of heavy metal
ions resulted in a corresponding increase in the number of

occupied sites on the surface of the ACC. Consequently, this
increase in occupied sites led to a decrease in the adsorption
process ended by equilibrium.

3.2.3. Impact of Adsorption Duration. Te batch adsorption
studies involved agitating 0.06, 0.08, and 0.04 g of ACC with
50ml of 50 mg·L−1 Pb2+ and 70mg·L−1 Co2+, and Cd2+ at
25± 1°C for a time period ranging from 30 to 180minutes.
Figure 6 shows the variation in the adsorption of the

Table 2: EDS analysis of ACC before and after adsorption.

Element
Sample

ACC ACC-Pb2+ ACC-Co2+ ACC-Cd2+

% Weight % Atom % Weight % Atom % Weight % Atom % Weight % Atom
C 67.99 76.36 64.85 74.42 72.88 80.46 67.15 78.97
O 21.14 17.83 28.66 24.69 21.52 17.84 18.63 16.45
Na 7.17 4.21 0.86 0.51 0.0 0.0 2.26 1.39
P 3.69 1.61 0.0 0.0 2.21 0.94 5.11 2.33
Pb 0.0 0.0 5.64 0.38 0.0 0.0 0.0 0.0
Co 0.0 0.0 0.0 0.0 3.39 0.76 0.0 0.0
Cd 0.0 0.0 0.0 0.0 0.0 0.0 6.85 0.86
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Figure 3: EDS analysis of (a) ACC, (b) ACC-Pb2+, (c) ACC-Co2+, and (d) ACC-Cd2+.
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aforementioned ions onto the ACC as time increased. Te
optimal adsorption duration was 90minutes for Pb2+ and
Co2+, and 120minutes for Cd2+.

3.2.4. Determination of pHpzc. Determining the pHpzc
value is of signifcant importance as it provides insight into
the pH level at which the surface of the adsorbent attains
neutrality. Te pH at the point of zero charges (pHpzc) was
determined by subjecting a mixture of 0.15 g of ACC and
50.0ml of a 0.1M NaCl solution to agitation throughout
a pH range of 2 to 12 for approximately 24 hours [7].
According to the results presented in Figure 7, it can be
observed that the surface of ACC exhibits neutrality at
a pH value of 7.0.

3.2.5. Impact of pH. In this investigation, 50ml of heavy
metal ion solution was agitated with a predetermined
amount of ACC as follows: 50.0mg·L−1 Pb2+ with 0.06 g
ACC for 90minutes, 70mg·L−1 Co2+ with 0.08 g ACC for
90minutes, and 70mg·L−1 Cd2+ with 0.04 g ACC for
120minutes. Tese adsorption processes were conducted at
a temperature of 25± 1°C and a pH ranging from 3 to 11.
Based on the results shown in Figure 8, it can be concluded
that the pH level does not exert any signifcant infuence on
the adsorption process of Pb2+ onto ACC. Te utilization of
a neutral solution is considered optimal for the adsorption of
both Co2+ and Cd2+ ions.

3.2.6. Adsorption of Metal Ions Mixture. A batch adsorption
experiment was conducted by shaking 0.08 g of ACC with
a 50ml solution consisting of 50 Pb2+, 70mg·L−1 of Co2+, and
Cd2+ for 100minutes. Te fndings indicated that the ACC
exhibited a higher afnity toward Pb2+ compared to Co2+ and
Cd2+, with percentages of 96.5%, 89.7%, and 65%, respectively.

3.3. Kinetic and Mechanism. Linear and nonlinear kinetics
models, performing pseudo-frst-order (PFO), pseudo-sec-
ond-order (PSO), and intraparticle difusion (IPD), were
hired to investigate the kinetics of the adsorption process of
Pb2+, Co2+, and Cd2+ onto the surface of ACC. Equations 3
to 6 were utilized to signify the adsorption of the afore-
mentioned heavy metal ions onto ACC.

log qe − qt( 􏼁 � log qe( 􏼁 −
k1

2.303
􏼠 􏼡t, (3)

qt � qe 1 − e
−k1t

􏼐 􏼑t, (4)

t

qt

�
1

k2q
2
e

−
1
qe

t, (5)
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Figure 4: Impact of ACC mass on the adsorption of Pb2+, Co2+,
and Cd2+.
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qt �
q
2
ek2t

qek2t + 1
, (6)

where qe is the amount of metal ion per unit mass of ACC
(mg·g−1) at equilibrium, qt is the amount of metal ion per
unit mass of ACC at time t (mg·g−1) at equilibrium, and k1
and k2 are the rate constant in min−1 and g·mg−1·min−1,
respectively.

Te results depicted in Figures 9 and 10 demonstrate
conclusively that the pseudo-second-order model afords the
most accurate representation of the kinetics associated with
the adsorption of the aforementioned ions onto ACC. Te
results of the nonlinear models are consistent with those of
the linear models. Tose results are succinctly presented in
Table 3.

Te mechanism of the heavy metal ions adsorption onto
ACC was demonstrated using intraparticle difusion, as
shown in equations (9) and (10) [9]:

qt � Kidt
1/2

+ C, (7)

qt � Kidt
1/2

, (8)

where qt is the heavy metal ion amount (mg·g−1), Kid is the
rate constant (mg·g−1·min−0.5), and t1/2 is the square root of
time (min0.5). According to the intraparticle difusion
model, it can be inferred that when the intercept C equals
zero, the sole factor limiting the rate of the process is the
intraparticle difusion. When the constant C is greater than
zero, the relevance of surface adsorption increases. Figure 11
proves that surface adsorption, not intraparticle difusion, is
the rate-limiting step in the adsorption process for Pb2+,
while the two steps control the adsorption processes of both
Co2+ and Cd2+.

Table 3 summarizes the R2 and constant values for all
kinetics models.

3.4. Adsorption Isotherms. Adsorption isotherm models are
usually employed to examine the correlation between the
adsorbent and the adsorbate, as well as to ascertain the
nature of the adsorption process, whether it is physical or
chemical in nature. Te adsorption mechanism of the metal
ions (Pb2+, Co2+, and Cd2+) on ACC was investigated using
Langmuir (equations (9) and (10)), Freundlich (equations
(11) and (12)), Dubinin-Radushkevich (D-R) (equations (13)
and (14)), and Temkin (equations (15) and (16)) isothermal
models [10].

Ce

qe

�
1

kLqm

+
Ce

qm

, (9)

qe �
kLqmCe

1 + kLCe( 􏼁
, (10)

where qe is the equilibrium magnitude of the metal ion
(mg·g−1), Ce is the equilibrium concentration of the metal
ion (mg·L−1), KL is the constant of Langmuir isotherm that
usually in use to determine adsorbate association to the
adsorbent surface, and qm is the adsorption capacity
(mg·g−1).

log qe � logKf +
1
n
logCe, (11)

qe � KFCe
1/n

. (12)

Te constant Kf represents the Freundlich isotherm
constant, measured in units of mg·g−1. Meanwhile, the
parameter n denotes the adsorption intensity.

qe � B lnA + B lnCe, (13)

qe � BlnACe. (14)

Te binding constant A is measured in units of g−1 when
the system is at equilibrium, while the adsorption heat is
consistently related to the variable B.

ln qe � lnQD − BDε
2
, (15)

qe � qme
−BDε2 . (16)

Te maximum theoretical capacity (QD) is expressed in
units of mol·g−1, whereas the D-R constant (BD) is measured
in units of mol2·kJ−2. Te Polanyi potential (Ɛ) in the D-R

14
12
10

8
6
4
2
0

pH
f

pHi

0 5 10 15

Figure 7: pHpzc for ACC.

Pb
Co
Cd

2 4 6 8 10 12
pH

60

65

70

75

80

85

90

95

100

105

%
 R

em
ov

al

Figure 8: Impact of pH.

Journal of Chemistry 7



Pb
Co
Cd

20 40 60 80 100 120 140 160 180 200
Time (min)

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0
Lo

g 
(q

e-q
t)

(a)

Pb
Co
Cd

Time (min)

t/q
t

(b)

Figure 9: Linear kinetic studies of the uptake of metal ions by ACC (a) PFO and (b) PSO.

PFO
PSO
Experimental

20 40 60 80 100 120 140 160 180 200
Time (min)

0
10
20
30
40
50
60
70
80

q t

(a)

PFO
PSO
Experimental

20 40 60 80 100 120 140 160 180 200
Time (min)

0
20
40
60
80

100
120
140
160
180

q t

(b)

PFO
PSO
Experimental

20 40 60 80 100 120 140 160 180 200
Time (min)

0

50

100

150

200

250

q t

(c)

Figure 10: Nonlinear kinetics of the adsorption of (a) Pb2+, (b) Co2+, and (c) Cd2+ on ACC.

8 Journal of Chemistry



isotherm can be determined by employing equation (17),
whereas the mean energy of adsorption (in kJ·mol−1) can be
calculated using equation (18) as follows:

ε � RTln 1 +
1

Ce

􏼠 􏼡, (17)

E �
1
����
2BD

􏽰 . (18)

Figures 12(a)–12(d) show the linear form of the four
isotherms. Table 4 summarizes plot-based correlation co-
efcients (R2), dimensional components, and constants. Te
Langmuir isotherm adequately assessed ACC metal ion
removal, as shown by the high R2 values (0.9971, 0.9926, and
0.9951 for Pb2+, Co2+, and Cd2+, respectively) indicating
ACC surface uniformity and adsorption site homogeneity.
Based on D-R isotherm calculations, Pb2+, Co2+, and Cd2+
have energy values of 25, 7.538, and 8.452 kJ·mol−1,

respectively. Co2+ is physically removed, whereas Pb2+ and
Cd2+ are chemically removed.Te negative Temkin constant
values B (−6.04, −14.0, and −25.68 for Pb2+, Co2+, and Cd2+,
respectively) indicate a signifcant interaction between the
metal ion and the ACC adsorbent [11].

3.5. Termodynamics. Termodynamic studies were per-
formed under controlled conditions at temperatures of
298± 1K, 308± 1K, and 318± 1K, with a consistent agita-
tion duration of 1.0 hour. Termodynamic parameters,
namely, ΔG°, ΔH°, and ΔS°, were computed to assess the
efectiveness of metal ion removal by ACC. Tese results are
presented in Table 5.Te enthalpy change (ΔH°) and entropy
change (ΔS°) associated with the removal of metal ions were
determined by analyzing the slope and intercept of the plot
of the natural logarithm of the equilibrium constant (ln KL)
against the reciprocal of temperature (1/T), as described in
equation (19). Te calculation of the standard Gibbs free
energy, ΔG°, was performed using equation (20) as follows:

Table 3: Results of kinetics studies for the Pb2+, Co2+, and Cd2+ adsorption onto ACC.

Kinetic model Linear models
R2 Related constants

PFO
Pb2+ 0.7597 K1 � 4.61× 10−4 (min−1)
Co2+ 0.3481 K1 � 1.38×10−3 (min−1)
Cd2+ 0.8222 K1 � 4.38×10−3 (min−1)

PSO
Pb2+ 0.9966 K2 � 4.65×10−3 (g·mg−1·min−1)
Co2+ 0.9998 K2 � 6.27×10−3 (g·mg−1·min−1)
Cd2+ 0.9543 K2 � 1.52×10−4 (g·mg−1·min−1)

IPD
Pb2+ 0.8430 Kid � 0.4687 (mg·g−1·min−0.5)
Co2+ 0.4622 Kid � 0.7779 (mg·g−1·min−0.5)
Cd2+ 0.8873 Kid � 5.4366 (mg·g−1·min−0.5)
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Figure 11: (a) Linear and (b) nonlinear intraparticle model for the adsorption of the heavy metal ions (Pb2+, Co2+, and Cd2+) on ACC.
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Figure 12: Te linear isotherms of (a) Langmuir, (b) Freundlich, (c) Temkin, and (d) D-R of Pb2+, Co2+, and Cd2+ removal by ACC.

Table 4: Isotherm model constants.

Isotherm Related isotherm constants
Metal ion

Pb2+ Co2+ Cd2+

Langmuir
R2

L 0.9971 0.9926 0.9951
KL 1.0725 0.1356 0.1624

qm, mg·g−1 84.15 79.16 61.32

Freundlich
R2

F 0.9278 0.9851 0.9847
KF, mg·g−1 5.26 8.27 10.37

n 5.0 2.0 2.0

D-R
R2 0.7726 0.9621 0.9564

BD, mol2·kJ−2 4.0×10−4 4.40×10−3 3.50×10−3

E, kJ·mol−1 25.00 7.54 8.45

Temkin
R2 0.9418 0.9935 0.9922
B −6.037 −14.00 −25.68
A 4.60×10−8 6.27×10−6 4.04×10−6
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where KL is dimensionless and corresponds to the ad-
sorption equilibrium constant according to the best-ftted
model, and R is the universal constant of ideal gases
(8.314 J·K−1·mol−1). Te +ve obtained value of ΔG° (11.81,
11.85, and 11.88 kJ·mol−1) indicates the nonspontaneity of
the metal ion adsorption by ACC. Te +ve acquired value of
ΔH° (22.24, 21.08, and 34.26 kJ·mol−1 for Pb2+, Co2+, and
Cd2+, respectively) indicates the endothermic nature of the
aforementioned ions [12]. Te +ve value of ΔS° indicates
adsorbate/adsorbent interface anomaly and adsorbent
afnity [13].

3.6. Synthetic Sample. Tree synthetic samples were pre-
pared by dissolving diferent kinds of heavy metal salts and
other chemicals in tap water and agitated with 0.07 g of ACC
under the optimum conditions for each ion. Figure 13
proves the efcacy of ACC in the adsorption of metal ions
Pb2+, Co2+, and Cd2+.

4. Adsorption/Desorption

Based on previous studies, it was found that 0.1M hydro-
chloric acid is an appropriate choice for the recovery in-
vestigation. Metal ions of Pb2+, Co2+, and Cd2+ were eluted
from ACC and subjected to atomic absorption analysis. Te
percentage of recovery was computed using the following
equation [14]:

%Recovery �
Cde

Cad
× 100, (21)

where Cde is the desorbed concentration of the metal ions,
and Cad is the adsorbed concentration of the metal ions.
Figure 14 confrms that after fve cycles, the recovery of
metal ions declined from 89.29% to 73.14% for Pb2+, from
66.49% to 43.77% for Co2+, and from 64.94 to 51.36 for Cd2+
signaling the ability of ACC to be reused several times.

5. Comparison with Other Activated Carbon

Te maximum heavy metal ions removal capacities of ACC
were compared to other activated carbon adsorbent (Ta-
ble 6). Te comparison shows that ACO has an adsorption
capacity of 97.91mg·g−1 near to many of the other reported
adsorbents.

Table 5: Termodynamic parameters of metal ion removal by
ACC.

Metal ion T (K)
Termodynamic parameters

∆G° (kJ mol−1) ∆H° (kJ mol−1) ∆S° (kJ
K−1·mol−1)

Pb
298 12.45

22.24 33.22308 12.01
318 11.79

Co
298 15.81

21.08 17.76308 15.56
318 15.46

Cd
298 17.68

34.26 56.12308 16.66
318 16.57
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Figure 13: Te adsorption of metal ions Pb2+, Co2+, and Cd2+ on
ACC for synthetic samples.
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Figure 14: Regeneration of OAC adsorbent.

Table 6: Comparison of heavy metal ions adsorption onto ACC
with other reported adsorbents.

Adsorbent qmax (mg/g)

Olive branches AC [15] 41.32 Pb2+, 38.17 Cd2+

Tea and cofee powder [16] 244 Co2+

Orange peel powder [17] 11.48 Co2+

Orange peel [18] 85.7 Cd2+

Onion outer layer [19] 60.02 Cd2+

Lettuce leaves [20] 68.2 Pb2+

Cypress fruit AC (present study) 84.15 Pb2+, 79.16 Co2+, 61.32
Cd2+
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6. Conclusion

Te current study validates the efcient removal of heavy
metal ions (Pb2+, Co2+, and Cd2+) from aqueous solutions
and synthetic samples by the employment of activated
carbon prepared from cypress fruit (ACC) through batch
adsorption. Te results of the experiments have defnitively
demonstrated the optimal parameters that are most suitable
for attaining the highest possible removal of heavy metal
ions (Pb2+, Co2+, and Cd2+) using ACC. It is clear from the
experimental data that the best conditions for ACC to
remove Pb2+, Co2+, and Cd2+ are 90minutes of shaking for
Pb2+ and Co2+, 120minutes for Cd2+, and 0.06, 0.08, and
0.04 g of ACC for Pb2+, Co2+, and Cd2+, respectively. Ad-
ditionally, the results revealed that Pb2+ is best removed in
a neutral solution, but a basic solution works better for Co2+

and acidic solutions work better for Cd2+. ACC showed
a higher afnity toward Pb2+ compared to Co2+ and Cd2+.
Kinetics and isothermal analyses have shown that the ad-
sorption of heavy metal ions by ACC closely matches both
the Freundlich isothermal model and the pseudo-second-
order kinetic model. Moreover, the thermodynamic analysis
demonstrated that ACC uses an endothermic, non-
spontaneous method to remove heavy metal ions from the
environment. Te efectiveness of an ACC would decrease
after fve cycles, but it would yet be functional.
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