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ABSTRACT

A novel nanoporous activated carbon (NAC), based on organic xerogel compounds, was
prepared at 650˚C pyrolysis temperature by sol–gel method from pyrogallol and formalde-
hyde (PF-650) mixtures in water using perchloric acid as catalyst. The performance of NAC
was characterized by scanning electron microscopy, transmission electron microscopy, X-ray
diffraction, and nitrogen porosimetry. The metal uptake characteristics were explored using
well-established and effective parameters including pH, contact time, initial metal ion con-
centration, and temperature. Optimum adsorptions of Co2+ and Cd2+ were observed at pH
6.0 and 7.0, respectively. Langmuir model gave a better fit than the other models, and
kinetic studies revealed that the adsorption is fast and its data are well fitted by the
pseudo-second-order kinetic model and thermodynamic properties, i.e. ΔG˚, ΔH˚, and ΔS˚,
showed that adsorption of Co2+ and Cd2+ onto NAC was endothermic, spontaneous, and
feasible in the temperature range of 300–328 K.

Keywords: Nanoporous activated carbon; Heavy metals; Adsorption; Kinetics;
Thermodynamics

1. Introduction

The presence of heavy metals in industrial waste
waters is particularly problematic because these met-
als are very soluble in the aquatic environments, and
they can be absorbed by living organisms. These
heavy metals enter the food chain, and accumulate in
the human body on large concentrations. If they are
ingested beyond the permitted concentration, they can
cause serious health disorders. Therefore, it is neces-

sary to treat metal-contaminated wastewater prior to
its discharge to the environment [1].

Cadmium is a toxic heavy metal of significant
environmental and occupational concern. It has been
released to the environment through the combustion
of fossil fuels, metal production, application of phos-
phate fertilizers, electroplating, and the manufacturing
of batteries, pigments, and screens. This heavy metal
has resulted in serious contamination of both soil and
water. Cadmium (Cd) has been classified as a human
carcinogen and teratogen impacting lungs, kidneys,
liver, and reproductive organs [2]. Cobalt becomes
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toxic when it is not metabolized by the body and
accumulates in the soft tissues. Co may enter the
human body through food, water, air, or absorption
through the skin when it comes in contact with
humans in agriculture and in manufacturing pharma-
ceutical, industrial, or residential. Cobalt tends to
accumulate in organisms, causing numerous diseases
and disorders. It is also common groundwater con-
taminants at industrial and military installations [3].

There are various methods for removing heavy
metals from waste water including chemical precipita-
tion, membrane filtration, ion exchange, liquid extrac-
tion, or electrodialysis [4,5]. However, these methods
are not widely used due to their high cost and low
feasibility for small-scale industries [6]. In contrast,
adsorption technique is by far the most versatile and
widely used. Sorbents which have been studied for
adsorption of metal ions include activated carbon, fly
ash, crab shell, coconut shell, zeolite, manganese oxi-
des, and rice husk. However, these adsorbents have
poor removal efficiencies for low concentrations of
metal ions. To prevent deteriorating surface water
quality, legislation governing the levels of heavy met-
als, such as cadmium, lead, nickel, and zinc, dis-
charged from industries is becoming progressively
more stringent [7–10]. Thus, there is a need for explor-
ing alternative adsorbents, with better metal removal
efficiency for low aqueous concentrations.

Recently, many research groups have explored sev-
eral nanoparticles for removal of heavy metals from
aqueous solution, because of the ease of modifying
their surface functionality and their high surface area
to volume ratio for increased adsorption capacity and
efficiency. For example, carbon-based nanomaterials
(CNMs) are used widely in the field of removal of
heavy metals in recent decades, due to its non-toxicity
and high sorption capacities. Activated carbon is used
firstly as sorbents, but it is difficult to remove heavy
metals at ppb levels. Then, with the development of
nanotechnology, carbon nanotubes, fullerene, and
graphene are synthesized and used as nanosorbents of
ions from wastewater, but the low sorption capacities
and efficiencies limit their application deeply [11].

Pyrzyńska and Bystrzejewski [12] give the advanta-
ges and limitations of heavy metals sorption onto acti-
vated carbon, carbon nanotubes, and carbon-
encapsulated magnetic nanoparticles, through sorption
studies based on Co2+ and Cu2+. The results show that
carbon nanomaterials have significantly higher sorp-
tion efficiency compared to activated carbon. To
enhance the sorption capacities of CNMs, they are
modified by oxidation [13–15], combing with other
metal ions [16] or metal oxides [17], and coupling with
organic compounds [18]. Kosa et al. modified carbon

nanotubes with 8-hydroxyquinoline, which are used to
remove of Cu2+, Pb2+, Cd2+, and Zn2+ [18].

Graphene nanosheets are synthesized through the
modified Hummers method, and they are used as sor-
bents for the removal of Cd2+ and Co2+ ions from
aqueous solution. The obtained results indicate that
heavy metal ions sorption on nanosheets is dependent
on pH and ionic strength, and the abundant oxygen-
containing functional groups on the surfaces of graph-
ene oxide nanosheets played an important role on
sorption [19]. Chandra et al. [20] reported that magne-
tite–graphene adsorbents with a particle size of ~10
nm give a high binding capacity for As3+ and As5+,
and the results indicate that the high binding capacity
is due to the increased adsorption sites in the graph-
ene composite.

The aim of this work is to assess the uptake of
Co2+ and Cd2+ from aqueous solution onto nanopor-
ous activated carbon (NAC). In the first step, the syn-
thesis by sol–gel method of NAC was reported and
the effect of pyrolysis temperature on structural, mor-
phological, and electrical properties was investigated.
In second step, the efficiency of this NAC for the
adsorption of the two elements from aqueous solu-
tions was studied.

2. Material and methods

2.1. Preparation and characterization of the NAC

The preparation of NAC structure has been done
in three steps. In the first one, organic xerogels were
prepared by mixing formaldehyde (F) with dissolved
pyrogallol (P) in water (W) solution and using picric
acid as catalyst. The stoichiometric P/F and P/W
molar ratios were 1/3 and 1/6, respectively. The wet
gel was formed in few seconds. In the second step,
the obtained product was dried in humid atmosphere
at 50˚C for 2 weeks. To obtain a structured xerogel,
the wet gel was transferred in an incubator and dried
at 150˚C at a heating rate of 10˚C/d. The drying tem-
perature was then maintained for 2 d. Finally in the
third step, NAC structure was obtained after firing
xerogel at 650˚C. In the present study, the thermal
treatment was carried out in a tubular furnace under
nitrogen atmosphere. The xerogel was put into a fur-
nace and heated up to 650˚C at a heating rate of 2˚C/
min to obtain NAC. The selected pyrolysis tempera-
ture was then maintained for 2 h and finally, the sam-
ple was cooled.

The synthesized product was characterized using a
JEOL JSM-6300 scanning electron microscope (SEM)
and a JEM-200CX transmission electron microscope
(TEM). The specimens for TEM were prepared by
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putting the as-grown products in ethyl alcohol and
immersing them in an ultrasonic bath for 15min, then
dropping a few drops of the resulting suspension con-
taining the synthesized materials onto TEM grid. The
X-ray diffraction (XRD) patterns of NAC were carried
out by a Bruker D5005 diffractometer, using Cu K
radiation (λ = 1.5418 Å). The nitrogen adsorption–
desorption isotherm of NAC was recorded by using
Micrometrics ASAP2020 equipment.

2.2. Preparation of metal ion solution

The stock solution of cadmium and cobalt were
prepared by dissolving Cadmium nitrate and cobalt
nitrate in distilled water separately. The test solutions
containing single cadmium and cobalt ions were pre-
pared by diluting of 1 g/L stock metal ion solution.
The initial metal ion concentration ranged from 20 to
140mg/L. The pH of each solution was adjusted to
the required value with HCl or NaOH before mixing
the adsorbent. Adsorption experiments were carried
in an Erlenmeyer flask by taking 10mg of NAC in a
25mL of metal solution at the desired temperature
(25 ± 1˚C) and pH. The flasks were agitated on shaker
for 12 h, which is more than ample time for adsorp-
tion equilibrium. The amount of metal adsorbed was
determined by difference between the initial metal
ion concentration and the final one after equilibrium
was reached. The residual Cd2+ and Co2+ concentra-
tions are measured by SPECTRO GENESIS induc-
tively coupled plasma-atomic emission spectrometry
ICP-OES.

2.3. Analysis of metal ions

The results are given as a unit of adsorbed and
unadsorbed metal ion concentration per gram of
adsorbent in solution at equilibrium and calculated by
Eq. (1):

qe ¼
ðC0 � CeÞV

m
(1)

where m is the weight of adsorbent (g), qe the
adsorbed metal ion quantity per gram of adsorbent at
equilibrium (mg/g), C0 the initial metal concentration
(mg/L), Ce the metal concentration at equilibrium
(mg/L), and V is the working solution volume (L).
The removal percentage was calculated by Eq. (2):

% Removal ¼ ðC0 � CeÞ
C0

� 100 (2)

3. Results and discussion

3.1. Adsorbent characterizations

Fig. 1 exhibits the XRD patterns of the extracted
product as prepared after heat treatment at 650˚C in
nitrogen atmosphere. According to this diffractogram,
the samples are mostly amorphous, because of the
presence of small bands centered at around 25˚ and
44˚, corresponding to (0 0 2) and (1 0 1) hkl plans,
respectively, the most intensive diffraction peaks of
crystalline graphite phase.

The adsorption–desorption isotherms of the sample
are of type I (Fig. 2) in the Brunauer, Emmett and
Teller (BET) classification, and characteristic of micro-
porous solid. The microporous specific surface area is
720m2/g determined by the conventional BET
method, with micropore volume of about 0.334 cm3/g.
The mean micropore size determined from BET sur-
face area and the pore volume in the approximation
of cylindrical pores is close to 2 nm.

Fig. 3 displays the SEM micrograph of NAC sam-
ple; particles with 1–5 μm diameter appear to coagu-
late together leaving little space between them. The
surface area and pore volume of this carbon indicate
that these particles are essentially microporous. These
results are consistent with porosity measurements.

TEM micrograph of NAC in Fig. 4 presents carbon
nanoparticles inside microspheres. It is clearly shown
that carbon microparticles consist of series of nanopar-
ticles with diameters in the range of 10 nm. These par-
ticles are arranged in a three-dimensional network.
The TEM data confirm that the interconnected solid
nanoparticles comprise an open-celled network with
continuous nanodimension porosity. These observa-
tions are also consistent with porosity measurements.
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Fig. 1. XRD patterns of NAC.
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The obtained nanoporous carbon material has also a
semiconductor behavior with electrical conductivity of
about 4 × 10− 4Ω−1 cm−1 studied in our previous work
[21].

3.2. Effect of pH

Earlier studies on heavy metal adsorption have
shown that pH was the single most important param-
eter affecting the adsorption process [22]. Fig. 5
depicts the effect of initial pH on the removal of Cd2+

and Co2+ using NAC. In this study, the initial concen-
tration of Cd2+ is fixed at 50mg/L, whereas for Co2+

is fixed at 45mg/L. The mass of NAC used in this
study is 10mg. This figure shows that metal

adsorption by the nanoporous carbon increases with
increasing pH reaching a maximum and then showed
a rapid decline in adsorption. For cadmium, the
sorption capacity increased significantly and reached
72.46mg/g at pH 7, then decreased with increasing
solution pH. The effect of pH on cobalt sorption
shows a similar increase in sorption capacity. A
sorption capacity of 41.45mg/g was achieved at pH 6.
The low metal sorption at acid solution may be
explained on the basis of active sites being protonated,
resulting in a competition between H+ and M2+ for
occupancy of the binding sites [23]. But for pH values
from 6 to 10, the lower adsorption capacity of cobalt is
due to precipitation. Whereas, the lower adsorption
capacity of cadmium is due to lower polarity at pH 8,
and precipitation for pH value more than 8.
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Fig. 2. Cryogenic N2 adsorption–desorption isotherm of
NAC.

Fig. 3. SEM micrographs of NAC.

Fig. 4. TEM micrographs of ECNPC, nanoparticles inside
the carbon microparticle.
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Fig. 5. Effect of initial pH on the removal of Cd2+ and
Co2+ using NAC.
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The effect of pH can be explained in terms of
pHPZC (point zero of charge) and surface site distri-
bution of the materials [24]. The pHPZC value of the
adsorbent was determined to be 4.23 by the method
described elsewhere [25]. AT pH < pHPZC, the sur-
face charge of the adsorbent is positive and the
adsorption of metal (II) to the surface of adsorbent
may be hindered due to the charge repulsion. At
pH > pHPZC, the surface of the adsorbent is nega-
tively charged. Thus, the positively charged metal
(II) can be easily adsorbed on the negatively charged
adsorbent surface [26,27]. At lower pH, more pro-
tons may be available to protonate the active groups
of adsorbent surface. This can be explained by the
fact that, at low pH, the overall surface charge on
the adsorbent surface became positive, which inhib-
ited the approach of positively charged metal cations
[28–30].

3.3. Effects of contact time

In this study, 100mg of NAC is added to each 150
ml of cobalt and cadmium solutions. The initial con-
centrations of Cd2+ and Co2+ are fixed at 24.28 and
24.23mg/L, respectively. Fig. 6 depicts the effect of
the contact time on the sorption of Co2+ and Cd2+ by
NAC. As can be seen from this figure, with the begin-
ning of adsorption, the uptake of metal ions increased
quickly, and only after 5min, the process of adsorp-
tion reached equilibrium. After this equilibrium per-
iod, the amount of adsorbed metal ions did not
significantly change with time.

3.4. Kinetic models

The integrated linear form of the pseudo-first-order
equation can be expressed as follows (Eq. (3)) [31]:

lnðqe � qtÞ ¼ lnqe � K1t (3)

where qe (mg g−1) and qt (mg g−1) are the adsorption
capacity at equilibrium and at time t (min), respec-
tively, k1 (min−1) is the rate constant of pseudo-first-
order adsorption. The straight line plots of ln (qe− qt)
against t (Fig. 7) were used to determine the rate con-
stant, k1, qe, and correlation coefficient R2 values of the
metal ions.

The integrated linear form of the pseudo-second-
order equation can be expressed as follows (Eq. (4))
[32]:

t

qt
¼ 1

K2q2e
þ 1

qe
t (4)

where k2 (gmg−1 min−1) is the rate constant of
pseudo-second-order adsorption. The equilibrium
adsorption amount (qe) and the pseudo-second-order
rate parameter (k2) are calculated from the slope and
intercept of plot of t/qt vs. t (Fig. 8). Table 1 gives the
kinetic parameters obtained from pseudo-first-order
and pseudo-second-order kinetic model for Cd2+ and
Co2+ adsorption on NAC.

It can be concluded from the R2 values in Table 1
that the sorption mechanism of Cd2+ and Co2+ does
not follow the pseudo-first-order kinetic model.
Moreover, the experimental values of qe,exp are not in
good agreement with the theoretical values calculated
(qe1,cal) from Eq. (3). Therefore, the pseudo-first-order
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Fig. 6. Effect of contact time for Co2+ and Cd2+ removal
onto NAC.
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model is not suitable for modeling the sorption of
Cd2+ and Co2+ by NAC. However, for the pseudo-sec-
ond-order, the R2 value is 0.999 and the theoretical
qe2,cal values were closer to the experimental
qe,exp values (Table 1). Based on these results, it can be
concluded that the pseudo-second-order kinetic model
provided a good correlation for the adsorption of
Cd2+ and Co2+ by NAC in contrast to the pseudo-
first-order model.

3.5. Adsorption isotherms

The equilibrium adsorption isotherms are the
promising data because they determine how much
adsorbent is required quantitatively for enrichment
of an analyte from a given solution. Cadmium and
cobalt adsorption isotherms are obtained by varying
the initial concentration of each metal (20–140mg/L)
at room temperature. The plot of the cadmium and
cobalt adsorption capacities against their equilibrium
concentration is shown in Fig. 9. For cobalt, the
value of qe increases sharply at low equilibrium con-
centrations, and from Ce = 30mg/L the increase of qe
is slowed down and the amount of adsorbed metal
ions did not significantly change. For cadmium, the
variation of qe has three steeps: in the first one, the
value of qe increases sharply at low equilibrium
concentrations, in the second step when the values

of Ce are between 35.15 and 72.42mg/L, the amount
of adsorbed metal ions did not significantly change,
and in the last step (Ce > 72.42mg/L), the value of qe
increases sharply.

Three models were used to fit the experimental
data, Langmuir isotherm, Freundlich isotherm, and
Temkin isotherm.

3.5.1. Langmuir isotherm

The Langmuir isotherm assumes monolayer
adsorption on a uniform surface with a finite number
of adsorption sites. Once a site is filled, no further
sorption can take place at that site. As such, the sur-
face will eventually reach a saturation point where the
maximum adsorption of the surface will be achieved.
The linear form of the Langmuir isotherm model is
described as (Eq. (5)):

Ce

qe
¼ 1

Kmqm
þ Ce

qm
(5)

where KL is the Langmuir constant related to the energy
of adsorption and qm is the maximum adsorption
capacity (mg/g) [33]. The slope and intercept of plots of
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Fig. 8. Pseudo-second-order kinetic plots for Cd2+ and
Co2+ adsorption onto NAC.

Table 1
Adsorption kinetic model rate constants for Cd2+ and Co2+ adsorption on NAC

Ion
Pseudo-first order Pseudo-second order

qe,exp (mg/g) k1 (1/min) qe1,cal (mg/g) R2 k2 (g/mgmin) qe2,cal (mg/g) R2

Cd2+ 37.236 0.0287 4,138 0.397 6 × 10–2 37.313 0.999
Co2+ 22.738 2 × 10–5 3,087 0.0002 13 × 10–2 20.242 0.999
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Fig. 9. Adsorption isotherm of Cd2+ and Co2+ by NAC.
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Ce/qe vs. Ce were used to calculate qm and KL and the
values of these parameters are presented in Table 2.

3.5.2. Freundlich isotherm

The Freundlich isotherm is applicable to both
monolayer (chemisorption) and multilayer adsorptions
(physisorption) and is based on the assumption that
the adsorbate adsorbs onto the heterogeneous surface
of an adsorbent [2]. The linear form of Freundlich
equation is expressed as (Eq. (6)):

log qe ¼ logKF þ 1

n
logCe (6)

where KF (mg/g) and n are Freundlich isotherm con-
stants related to adsorption capacity and adsorption
intensity, respectively, and Ce is the equilibrium con-
centration (mg/L). The Freundlich isotherm constants
KF and n are determined from the intercept and slope
of a plot of log qe vs. log Ce, and they are presented in
Table 2. The obtained values of n are greater than
unity indicating chemisorptions [33]. Isotherms with
n>1 are classified as L-type isotherms reflecting a
high affinity between adsorbate and adsorbent and is
indicative of chemisorption [33].

3.5.3. Temkin isotherm

Temkin isotherm model assumes that the adsorp-
tion energy decreases linearly with the surface cover-
age due to adsorbent–adsorbate interactions. The

linear form of Temkin isotherm model is given by the
Eq. (7):

qe ¼ bTlnKT þ bTlnCe (7)

where bT is the Temkin constant related to the heat of
sorption (J/mol) and KT is the Temkin isotherm con-
stant (L/g) [2]. KT and bT were determined from the
intercept and slope of a plot of qe vs. ln Ce (Table 2).

The estimated adsorption constants with corre-
sponding correlation coefficients (R2) are summarized
in Table 2. The value of correlation coefficients
obtained from each model indicates that the Langmuir
model is better than the Freundlich and Temkin mod-
els to fit the experimental data, which confirms that
the adsorption is a monolayer, the adsorption of each
molecule has an equal activation energy, and the
adsorbate–adsorbate interaction can be negligible.
Thus, it is clear that the adsorption occurs on a homo-
geneous surface. For cadmium, the maximum adsorp-
tion capacity calculated using the Langmuir model is
120.3 mg/g at room temperature; whereas, cobalt has
a maximum adsorption capacity of 61.34mg/g.

3.6. Thermodynamic parameters

The standard Gibbs free energy ΔG˚ (kJ mol−1) was
calculated using the following Eq. (8):

DG� ¼ �RT lnK (8)

Table 2
Langmuir, Freundlich, and Temkin, isotherm model parameters and correlation coefficients for adsorption of Cd2+ and
Co2+ on NAC

Ion
Langmuir Freundlich Temkin

qm (mg/g) KL (L/mg) R2 KF (mg/g) n R2 bT (J/mol) KT (L/g) R2

Cd2+ 120.3 0.012 0.998 25.822 5.66 0.962 45.421 0.07 0.944
Co2+ 61.34 0.046 0.994 11.048 2.998 0.953 11.432 0.957 0.741

Table 3
Thermodynamic parameters for adsorption of heavy metals on NAC

Ion T (K) k ΔG˚ (kJ mol−1) ΔS˚ (kJ mol−1K−1) ΔH˚ (kJ mol−1)

Cd2+ 300 3.7648 −3.307 55.3487 13.382
313 4.264 −3.774
328 5.9413 −4.860

Co2+ 300 1.8202 −1.494 42.722 11.197
313 2.5464 −2.433
328 2.6773 −2.686
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where K is the thermodynamic equilibrium constant,
or the thermodynamic distribution coefficient, and it
can be defined as (Eq. (9)):

K ¼ as
ae

¼ csCs

ceCe
(9)

where ae is the activity of metal ion in solution at
equilibrium; as is the activity of adsorbed metal ion; Cs

is the surface concentration of metal ion (mmol g−1) in
the adsorbent; Ce is the metal ion concentration in
solution at equilibrium (mmol mL−1); γe represent the
activity coefficient of the metal ion in solution; and γs
is the activity coefficient of the adsorbed metal ion. As
the metal ion concentration in the solution declines to
zero, k can be obtained by plotting ln (Cs/Ce) vs. Cs

and extrapolating Cs to zero [34,35]. The straight line
obtained fitted the points by least-squares analysis.
The intercept at the vertical axis yields the values of k.
The obtained values of k and ΔGo at different tempera-
tures are given in Table 3.

The average standard enthalpy change (ΔHo) and
entropy change (ΔSo) of metal ion adsorption onto
NAC were calculated by the following Eq. (10):

lnK ¼ DS�

R
� DH�

RT
(10)

where ΔHo and ΔSo were calculated from the slope
and the intercept, respectively, in the plot of ln (k)
against 1/T [36]. These results are shown in Fig. 10.
Table 3 presents the obtained values of ΔHo and ΔSo

at different temperature for metal ion adsorption
process on NAC.

The thermodynamic equilibrium constant k
increased with temperature indicating that the adsorp-
tion was endothermic. Negative values of ΔGo for the
two metal ions indicate spontaneous adsorption and
the degree of spontaneity of the reaction increases
with increasing temperature. The values of standard
enthalpy change for Cd2+ and Co2+ are positive, this
suggests that the adsorption of Cd2+ and Co2+ by
NAC is endothermic, which is supported by the
increasing of adsorption with temperature for the two
elements. The positive standard entropy change of
Cd2+ and Co2+ reflects the affinity of the NAC towards
the two metal ions [33].
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Fig. 10. Plot of ln k vs. 1/T for the estimation of thermody-
namic parameters for adsorption of Cd2+ and Co2+ on
NAC.

Table 4
Comparison of adsorption capacities of various adsorbents for Co2+ and Cd2+

Adsorbent qe (mg g−1) Temp. (K) pH Ref.

Cd2+

Ag-MWCNTs 54.92 313 7.0 [24]
AC (Cicer arietinum) 18 273 8.0 [37]
CNTs (MnO2 coated) 9.1 273 6.0 [38]
CNT (HNO3) 11.0 _ _ [39]
MWCNT (HNO3) 10.86 – – [40]
MWCNT (HNO3) 31.0 – – [41]
nZVI 769.2 297 [33]
NAC 120.3 300 6.5 This work
Co2+

HApZ 10.892 303 6 [42]
Peat moss 29.75 292.5 6 [43]
F 300 D carbon 6.24 298 – [44]
Natural bentonite 15.2 – 6 [45]
CEMNP 3.21mg/g – 8 [12]
CNTs 2.77mg/g – 8 [12]
NAC 61.34 300 6.5 This work
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3.7. Comparison of Cd and Co adsorption capacity among
different adsorbents

The adsorption capacity of NAC for the removal of
Cd2+ and Co2+ has been compared with various adsor-
bents reported in literatures and their adsorption
capacities are summarized in Table 4. A comparison
between our work and the reported data from the lit-
erature [2,12,24,37–45] shows that NAC is more effi-
cient and promising adsorbent for Co2+ and Cd2+

removal than other nanostructure adsorbents. There-
fore, it can be safely concluded that the NAC have a
considerable potential for the removal of Co2+ and
Cd2+ from water and wastewater.

4. Conclusion

The adsorbent NAC was identified as potential
and highly efficient nanoporous structure for the fast
removal of Co2+ and Cd2+ from water, the adsorption
depends strongly on different parameters like pH and
temperature. Kinetic studies revealed that the
equilibrium was reached within 5min and the
pseudo-second-order kinetic model provides the best
correlation with the experimental data compared to
the pseudo-first-order model. The maximum adsorp-
tion capacity of Cd2+ and Co2+ was found to be 120.3
and 61.34mg g−1, respectively, under pH of 6.5, and
temperature of 300 K. The Langmuir model yields a
better fitting than the Freundlich and Temkin models
for metal ion adsorption on NAC under the investi-
gated temperatures, hence the adsorption is
monolayer. From the thermodynamic studies, the
adsorption process was spontaneous and endothermic.
These results provide the enhancement of the Co2+

and Cd2+ uptake from aqueous solutions by NAC
which are considered as adsorbents for removing the
metals from water and waste water.
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