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a b s t r a c t

As a result of need to develop effective adsorbents for water pollution treatment, in present study, 
a novel composites from thiolated graphene oxide (TGO) and activated carbon (AC) was prepared 
from sugar cane molasses using a one-step chemical activation process by KOH and ZnCl2. KAC/
TGO and ZAC/TGO, were successfully synthesized and characterized by Brunauer–Emmett–Teller 
(BET) surface area analysis, iodine adsorption, Fourier transform infrared (FTIR)spectroscopy, X-ray 
diffraction (XRD) and scanning electron microscopy (SEM). Among produced ACs and composites, 
KAC/TGO possesses higher specific surface area of 1044 m2/g, a total pore volume of 0.998 m3/g and 
iodine number of 920 mg/g. Results of heavy metals removal experiments with KAC/TGO in aque-
ous solution showed that the Langmuir model fitted better than Freundlich model with a maximum 
adsorption capacity of 204.08 and 196.07 mg/g for Pb(II) and Cu(II) respectively which is higher 
than many other adsorbents. Also the pseudo-second order kinetic model was found to agree well 
with the experimental data for both Pb(II) and Cu(II) adsorption. It is expected that this novel and 
low cost adsorbent can be effectively used for removal of heavy metals from the aqueous polluted 
environment.
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1. Introduction

Heavy metals have exponentially increased in the aquatic 
environments due to industrial and agricultural activities. 
Prolonged exposure to heavy  metals can cause serious 
threats to human health and other biological systems, espe-
cially when the levels of heavy metals are exceeded beyond 
their tolerance [1]. There are several treatment techniques 
to remove heavy metals from the contaminated aquatic 
environments, including chemical precipitation, oxida-
tion or reduction, coagulation, flocculation, electro-dialy-

sis, electro-flotation and electro-oxidation, ultrafiltration, 
nano-filtration, ion-exchange, reverse osmosis, disinfection, 
sedimentation and adsorption [2]. According to price/per-
formance criteria, adsorption is an effective, safe, favorable, 
easy to operate and economical method to remove toxic 
metal ions from polluted waters. For this purpose, different 
type of materials can be applied as heavy metals adsorbents 
e.g. activated carbons [3], natural clays [4], zeolites [5], sili-
cagel [6], chitosan [7], and graphene oxide [8] and compos-
ites with these materials [9–11].

Activated carbon-based composites with the other car-
bon allotropes are among preferred and exciting adsorbents 
for removal of pollutants from aqueous solutions because 
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of their unique properties such as high adsorption capac-
ity to eliminate a wide variety of toxic pollutants and low 
cost, especially when prepared from waste materials [12,13].
Activated carbon (AC) is prepared by carbonization of car-
bonaceous source materials that commonly used in a variety 
of applications due to possessing a relatively high porosity 
and large surface area. The adsorption capacity  of AC is 
related to the chemical functional groups on the pore sur-
faces, internal surface area, pore size distribution and pore 
volume and structure [14]. Recently, more attention has 
been paid to increase the adsorption capacity  of ACs by 
composition with suitable nanomaterials [13,15]. Over the 
last half-decade, graphene and its derivatives are among 
the most reliable and reproducible precursors to employ 
in a diverse array of uses. Preparation the composites with 
these nanoscale allotropes of carbon have attracted a great 
interest for industrial applications, since graphene was first 
reported in 2004 [16]. Graphene oxide (GO) is among the 
most promising, new research material for fabrication of an 
effective adsorbent due to its two-dimensional (2D) layer of 
sp2-hybridized carbon, high surface area, large pore vol-
ume and presence of surface functional groups such as 
epoxy  (–COC),  hydroxyl  (–OH),  carbonyl  (–CO), and  car-
boxyl  (–COOH) groups [8]. These  oxygenated  functional 
groups improve adsorption performances and result in easy 
dispersability of GO in different matrixes such as water.

In the present work, we prepared the AC/TGO com-
posite using the solution mixing method. It is interesting 
to investigate the adsorption properties of AC/TGO know-
ing the fact that GO and AC have large surface area and 
high adsorption capacity which play an important role in 
increasing its adsorption capacity. Hence, the main aim of 
the present study was to evaluate the ability of AC/TGO to 
adsorb heavy metals (lead and copper) from aqueous solu-
tion using batch adsorption technique. The results of this 
study can lead to inaugurate of a novel promising adsor-
bent with high capacity and low cost to eliminate high lev-
els of heavy metals pollution in aquatic environments.

2. Material and methods

2.1. Materials

For the production of ACs, sugar cane molasses was 
obtained from the Haft Tapeh sugar cane company (Khu-
zestan Province, Iran) and KOH and ZnCl2 from Merk Co., 
Inc. Also for the synthesis of GO, chemicals were purchased 
from Merk Co., Inc. The chemicals used for preparation of 
stock solutions for adsorption (PbNO3 and CuNO3) were 
obtained from Sigma-Aldrich.

2.2. AC synthesis

Two different type of ACs were made by activation of 
sugarcane molasses powder with a single stage activation 
process using KOH and ZnCl2 as activating agents. The pre-
cursor was separately soaked inactivating agents in a ratio 
of 1:3 (by weight) for 24 h to prepare KAC and ZAC, respec-
tively. The mixture was dried overnight at 110°C, crushed 
and sieved using a 30 mesh sieve. Then, the samples were 
placed in a muffle furnace and pyrolyzed using a heating 

rate of 10°C min−1 under a neutral nitrogen atmosphere 
at 700°C and 500°C for the ACs activated with KOH and 
ZnCl2, respectively and maintained at activation tempera-
ture for 1 h. The carbonized samples were cooled, filtered 
and washed repeatedly with 0.1 M HCl followed by warm 
and cold deionized water until the pH of the solutions 
reached to neutral.

2.3. Thiol functionalized graphene oxide synthesis

Hummers method was modified for preparation of 
GO [17,18]. In brief, the procedure was as follows: graph-
ite powder (10 g) was preoxidized with a solution of H2SO4 
(200 ml), K2S2O8 (10 g) and P2O5 (10 g) in an erlenmeyer flask 
and heated to 80°C under vigorous agitation for 24 h. Then 
the mixture was filtered and washed several times until 
rinse-water pH  was reached near neutral. The filter cake 
was dispersed into concentrated H2SO4 (1 L) and KMnO4 
(25 g) was added slowly to the flask under strong magnetic 
stirring in the ice bath to prevent a sudden temperature 
increase. Afterward, 100 ml H3PO4 was added to the sus-
pension. The dispersion was stirred continuously at 50°C 
for 48h and then 30% H2O2 (20 ml) was slowly added to 
the mixture resulting color change from dark brownish to 
brilliant yellow. Then the solution was diluted with deion-
ized water and left overnight. Finally the suspension was 
filtered and washed with 10% HCl and deionized water 
sequentially to remove other ions. 

In order to prepare TGO, GO suspension with a concen-
tration of 1 mg/mL was obtained by dispersing GO pow-
ders (1 g) in distilled water and sonicating in an ultrasonic 
bath with power of 300 W for 30 min. The suspension was 
transferred into a round-bottom flask and 11 g Na2SH was 
added and then stirred at 95°C for 6 h. Then the precipitates 
were filtered, washed thoroughly with deionized water, 
and dried in a vacuum oven at 60°C overnight to reach a 
constant weight [19].

2.4. Composites preparation method

To synthesis AC/TGO composites, a certain amount of 
ACs were soaked in 1 M nitric acid for 7 h and then filtered 
and washed with deionized water. Meanwhile, GO powder 
was added into deionized water and dispersed by ultrason-
ication for 60 min. AC/TGO composites were prepared by 
adding TGO suspension (3% wt.) into oxidized AC solu-
tions under stirring for 15 h. Subsequently, the mixtures 
were placed in a water bath at 40°C, and hydrazine was 
carefully added into the stirred mixture until the pH of the 
solution became neutral. The  bright yellow color of solu-
tion  altered  to  homogeneous black  indicating occurrence 
of the reduction. Finally, the mixture overnighted at room 
temperature and then filtered. The AC/TGO composites 
dried in a vacuum oven at 60°C for 12 h.

2.5. Characterization of ACs and AC/TGO composites

To validate successful production of AC/TGO com-
posites and characterize the synthesized ACs and compos-
ites, Brunauer–Emmett–Teller (BET) surface area analysis 
(Belsorp mini II, Bel Japan Inc.), standard test for deter-
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mination of iodine adsorption number (ASTM D4607-14), 
Fourier transform infrared (FTIR) spectroscopy (Perkin-
Elmer, Model spectrum RXI), and X-ray diffraction (XRD)
(Bruker D8 Advance diffractometer,  Germany) with a  
Cu Kα anode (λ = 0.1541 nm) at 40 kV and 40 mA) and 
scanning electron microscopy (SEM) (Tescan, Model 
VEGA3)were applied. After characterization of prepared 
ACs and composites, the best one was selected for fur-
ther experiments.

2.6. Adsorption experiments

2.6.1. Optimization of adsorption conditions

The adsorption of Pb(II) and Cu(II) onto the selected 
adsorbent was carried out by batch adsorption technique in 
an orbital shaker at a speed of 200 rpm. The samples were 
continually stirred at a constant temperature (25±2°C) for 
60 min. At the end of this period, the adsorbents were fil-
tered from the solutions and the concentration of metal ions 
were determined using a flame atomic absorption spectro-
photometer (FAAS).The removal percentage of heavy met-
als was calculated by the following equation: 

The removal percentage %( ) =
−





×
C C

C
e0

0

100 � (1)

where C0 and Ce are the initial and final concentration of 
metal ions (mg/L), respectively. The effects of three factors 
namely: initial metal ions concentration, adsorbent dosage 
and pH were studied and optimized.

2.6.2. Kinetic and isotherm studies

The equilibrium sorption of Pb(II) and Cu(II) ions onto 
adsorbent were investigated in the treatment of the opti-
mized conditions and different concentrations of Pb(II) and 
Cu(II) (50, 75 and 100 mg/L) agitating at ambient tempera-
ture of 25±2°C. The concentration of metal ions have no 
significant changes after equilibrium time. After filtration 
of the mixture, the filtrate was analyzed for determination 
the concentration of remaining Pb(II) and Cu(II) using AAS. 
The experimental data were fitted into Langmuir and Fre-
undlich isotherms, the most widely used isotherm models. 
These isotherms relate to Pb(II) or Cu(II) adsorption per 
gram of synthesized adsorbent (qe) to their equilibrium con-
centration (Ce). The amount of metal ions at equilibrium (qe 
(mg/g)) and time t (qt (mg/g)) were calculated as follows:

q C C
V
Wt t= −( )0 � (2)

q C C
V
We e= −( )0 � (3)

where C0 is the initial concentration of metal ions (mg/L)
and Ce and Ct are the concentrations of ions (mg/L) at equi-
librium and time t, respectively. V is the volume of the 
solution (L) and W is the weight (g) of used adsorbent. The 
controlling mechanisms of Pb(II) and Cu(II) adsorption pro-
cess onto the adsorbent such as mass transport process and 
chemical reaction were investigated using two kinetic mod-
els: pseudo first order and pseudo second order.

2.6.3. Determination of the effect of competing ions

To determine the effects of possible interference of sec-
ondary cations on the adsorption of Pb(II) and Cu(II) by 
AC/TGO,  the solutions containing 5, 10, 50, 100 and 200 
mg/L of Na(I), Mg(II) and Ca(II) were spiked with 50 
mg/L of either Cu(II) or Pb(II) and 0.5 g/L of AC/TGO and 
shaken 1 h, at a speed of 200 rpm. Then they were filtered 
and the residual concentrations of heavy metals in the fil-
trate were analyzed as stated above.

2.6.4. Regeneration studies

The adsorption process was conducted under opti-
mized conditions and the optimum amount of KAC/
TGO loaded with either Pb(II) or Cu(II) was obtained. The 
adsorbent was dried in an oven at 35°C for 24 h and added 
into 100 ml of 0.1 M solution of HNO3, HCl and NaNO3 as 
the eluting agents. The samples were shaken (200 rpm at 
25±2°C) for 1 h and the effluent was analyzed to determine 
the concentration of Cu(II) or Pb(II) desorbed by the KAC/
TGO. The adsorption desorption procedure of KAC/TGO 
with the best desorbing agent were repeated 3 times on the 
same matrix to establish the reusability of KAC/TGO. The 
percentage of desorbed metal was calculated by the follow-
ing equations:

Desoption  %( ) =










q
q

des

ads

100 � (4)

q C
V
Wdes des= � (5)

where qdes is the content of desorbed metal (mg/g), Cdes 
(mg/L) is concentration of metal ion in the solution with 
volume V (L), and W is adsorbent weight (g).

3. Results and discussion

3.1. Characteristics of prepared composites

FTIR was used to determine surface functional groups 
of TGO, ACs and AC/TGO composites (Fig. 1a). The 
absorption bands ascribe mainly to hydroxyl and carbonyl 
groups on the surface of adsorbents. Broadened peak 
around 3400 cm−1  is identical to the bands of the bonded 
–OH groups due to vibration of water molecules revealing 
that the TGO in the composites contain a large amount of 
adsorbed water. The peaks at 2900 cm−1 are associated with 
the aliphatic C–H symmetric groups. The bands observed 
at 1422 cm−1 can be usually assigned to the oxygen contain-
ing functional groups stretching vibration, such as C=O 
and C–O of carboxylic groups [20] or the O–H in-plane 
vibration of carboxylic group [21]. Another peaks at 
2400 cm−1 rise due to the presence of –C≡C groups[22]. The 
week bands in the range of 900–1300 cm−1 may be due to 
the presence of C–O groups in the samples [20]. The intense 
band found at 874 cm−1 assigns to the stretching vibrations 
of C-H out-of-plane bend. 

Degrees of order and structure of TGO, ACs and AC/
TGO composites were examined using XRD over the 2θ 
range 3–80° with a step size of 0.05° per step (Fig. 1b). Pres-
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ence of micropores and microcrystallinity cause enhanced 
background signal between 10–20° due to scattering the 
X-ray beam as a result of graphite-like microcrystalline 
structure of multilayer stacks [23]. A broad peak around 
2θ = 11 corresponds to the diffraction peak of TGO. The 
XRD  patterns  show two diffraction peaks at 2θ = 25° and 
45–47.5 corresponding to the formation of hexagonal graph-
ite structures and turbostratic structure of disordered car-
bon. Also the noticeable humps in the range between 20 to 
30° are identical of carbonaceous substances [20]. The peak 
at 2θ = 21° provides evidence for the presence of the stack-
ing structure of graphite [21].The results of XRD patterns of 
KAC and KAC/TGO show that they may contain potassium 
compounds with high crystallinity as a result of activation 
the activated carbon with KOH. Also K2CO3, K2O and metal-
lic K are the dominant potassium compounds that are pro-
duced in the reaction between KOH and surface carbon [24]. 
Small peaks at 30.2°, 31.5° related to the peaks correspond-
ing to K2CO3. The diffraction peak around 2θ = 23° relate to 
the ordered K/graphite. XRD spectra of the ZAC and ZAC/
TGO also shows sharp narrow peaks at 2θ = 32°, 34.65°, 47° 
and 56.75° providing evidence for the presence of zinc oxide 
and zinc carbids. Also, the sharp diffraction peaks at 2θ = 
36.45° are related to the metallic Zn [25]. Other peaks where 
located around 2θ = 69° show some impurities.

N2 adsorption/desorption measurements at  77 K was 
used for determination of textural properties of ACs and 
AC/TGO composites (Table 1 and Fig. 2). The sharp knees 
of the curves indicate an increased adsorption of N2 at low 
relative pressure (below 0.1) and micropore filling effect. 
The increase in N2 adsorbed volume at higher pressure (in 
the range of 0.1–1) is associated with the multilayer adsorp-
tion and capillary condensation in mesoporous materials 
which is usually accompanied by the presence of hysteresis 
loops. The N2 adsorption desorption isotherms of ACs and 
AC/TGO composites seem to be a combination of types I 
and IV, reflecting the presence of both micro and mesopores 
in their structures.

SEM studies were performed to investigate the topo-
graphic features of ACs and composites. As shown in Fig. 3, 
ZAC surface is a kind of honeycomb structure and KAC sur-
face has sponge like pores with different sizes and shapes. 
SEM micrographs show well-developed porosity and indicate 
the external surface of ACs and composites have wide cracks, 
crevices and cavities. Few crystals in the pores are most proba-
bly potassium and zinc compounds as a result of AC activation 
with KOH and ZnCl2. TGO sheets are distributed over carbon 
particles and in the holes. By comparing the results obtained 
from the characterization of the ACs and composites, KAC/
TGO was selected for all further experiments.

3.2. Adsorption studies

3.2.1. Effect of initial metal ions concentration, adsorbent 
dosage and pH

To find the optimum initial concentration of Pb(II) and 
Cu(II) for the effective adsorption onto the KAC/TGO, the 
experiments were conducted at different initial metal ions con-
centrations from 30–120 mg/L containing 0.05 g adsorbent in 
100 ml either Pb(II) or Cu(II) solutions at pH 6. As illustrated 
in Fig. 4a, the adsorption efficiency of KAC/TGO increase ini-
tially and then decrease from 84.58% to 62.98% for Pb solution 
at concentration of 50 mg/L and 120 mg/L respectively. Also 
removal percentage of Cu(II) increase to 78.67% at concentra-
tion of 60 mg/L and then decrease to 48.54% at concentration 
of 120 mg/L. The percentage removal decreased with increas-
ing the initial concentration of metal ions above 50 mg/L and 
60 mg/L for Pb and Cu solutions, respectively, because of an 
increase in the driving force of the concentration gradient.

The influence of KAC/TGO dosage (0.02–0.08 g/100 mL) 
on the adsorption of Pb(II) and Cu(II) ions was investigated 
by employing optimum Pb(II) and Cu(II) concentration at 
pH 6 for 60 min. According to the results (Fig. 4b), Pb(II) and 
Cu(II) removal percentage increased from 48.66% to 86.8% 
and 40.63% to 83.8%, respectively when the KAC/TGO dos-

 

Fig. 1. FTIR (a) and XRD (b) spectra of composites, ACs and TGO.
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age increased from 0.02–0.05 g/100 mL. But no significant 
change in metal ions removal percentage was observed with 
further dosage increase to 0.07 g/100 mL (89.46% and 87.06% 
for Pb(II)and Cu(II), respectively). It can be understood that 
increasing the number of available adsorption sites as well 
as total surface area are related to increasing KAC/TGO 
dosage. It is apparent that the percentage of heavy metals 
adsorbed per unit mass of KAC/TGO reduced by increasing 
adsorbent dose. Remaining unsaturated of adsorption sites 
during the adsorption process can cause decreasing adsorp-
tion density with dose increment. These observations are in 
accordance with other reported studies on the adsorption of 
metals ions by different adsorbents [26,27].

pH is an important factor for increasing the removal 
efficiency of Pb(II) and Cu(II) ions through adsorption pro-
cess onto KAC/TGO, because the solubility and mobility of 
metal ions, chemical characteristic of the aqueous solution, 
degree of ionization and speciation of the adsorbate and also 
concentration of the counter ions on the surface functional 
groups of KAC/TGO are affected by pH. Batch adsorption 
was carried out in aqueous solutions (100 mL) containing 
the optimum amount of KAC/TGO for 60 min. The initial 
pH of the solution was adjusted  to  the desired values (in 
the range of 3–7) by adding 0.1 M HCl or 0.1 M NaOH. The 
metal ions adsorption onto KAC/TGO increased when the 
initial pH of the solutions were increased from 3–5 and then 
decreased at pH > 5 (Fig. 4c). Similar results were reported 
by Sitko et al. [28], Rahimi et al. [29] and Shi et al. [30].

Initial pH affects the adsorption process by changing 
the surface charge of the adsorbent. The lowest Pb(II) and 
Cu(II) adsorption rates were obtained at pH = 3. At lower 

pH, the active sites such as hydroxyl groups on the surface 
of KAC/TGO are closely associated with the hydronium 
ions. Therefore, the adsorption of Pb(II) and Cu(II) ions is 
partially inhibited on the sorption site, possibly due to the 
competition between H+ ions and cationic ions for the active 
surface sites. At pH lower than 5.0, the approach of Pb(II) 
and Cu(II) to the composite surface is restricted as a result 
of repulsive forces and this prevents the adsorption of these 
metal ions onto KAC/TGO [31]. At moderate pH, deproton-
ation of KAC/TGO is occurs and its surface becomes more 
negatively charged and electrostatically attracts metal ions 
with positive charge. This in turn contributes to increase 
the adsorbate removal from the solution. At the same time, 
hydroxyl groups dissociated from the surface of KAC/TGO 
react with metal ions and form species with low solubility 
such as PbOH+, Pb(OH)4

2–, Pb(OH)2 and Cu(OH)2, which 
leads to an increase in the removal percentage [32,33]. The 
pH above 6 was not considered in the current research, 
because Pb(II) and Cu(II) precipitation occur in the medium.

3.2.2. Adsorption isotherms

A Freundlich isotherm model is an empirical equation 
assumes  that the adsorbent involves heterogeneous sorp-
tion base with several adsorption energies. The logarithmic 
form of the Freundlich equation is given by [34]:

log(qe) = log kf + 1/n log Ce� (6)

where Kf and 1/n are considered as Freundlich model con-
stants that they are related to the measured adsorption 
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Fig. 2. N2 adsorption/desorption isotherms of the prepared ACs and composites using KOH (a) and ZnCl2 (b) activation.

Table 1
Textural properties of the prepared ACs and composites

SBET 

(m2/g)
t-plot micropore 
surface area (m2/g)

t-plot external 
surface area (m2/g)

Total pore 
Volume (m3/g) 

t-plot micropore 
volume (m3/g)

Pore size 
(nm)

Iodine number 
(mg/g)

KAC 757 476 281 0.759 0.223 4 674
ZAC 621 349 272 0.694 0.162 4.4 585
KAC/TGO 1044 651 393 0.998 0.306 3.82 920
ZAC/TGO 846 513 332 0.778 0.246 3.67 760
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Fig. 3. SEM images of ZAC (a), KAC (b) ZAC/TGO (c), KAC/TGO (d) and TGO (e).
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capacity of adsorbent  and adsorption intensity, respec-
tively. To examine the ability of the Freundlich model to fit 
the experimental equilibrium data, log Ce was plotted versus 
log qe and Kf  and n were determined from the intercept and 
the slop of produced straight line fitted to the data (Fig. 5a). 
The magnitudes of Kf and n present desirable uptake and 
easy separation of adsorbate from the aqueous solution.

Langmuir isotherm  assumes  a monolayer  adsorbent 
with a homogeneous surface containing similar sorption 
sites that adsorption energies are uniform on its surface. 
Thus, Langmuir isotherm describes the equilibrium behav-
ior of solute between the adsorbent and the solution. The 
linearized form of Langmuir equation is as follows [35]:

C
q q

C
K q

e

e m
e

L m

= +
1 1

� (7)

where qm and KL are the Langmuir isotherm constants related 
to the maximum monolayer coverage capacity (mg/g) and 
the energy of adsorption (L/mg), respectively. Ce is the 
equilibrium concentration of metal ion (mg/L) and qe is the 
amount of metal ion uptake per gram of KAC/TGO at equi-
librium (mg/g). The values of qm and KL can be calculated 
from the slope and intercept of the line obtained by plotting  
vs. Ce. The essential characteristic of a Langmuir equation 
can be evaluated by means of “RL”, a dimensionless steady 
called separation factor or equilibrium parameter which 
can be calculated by using the equation below:

R
K CL

L e

=
+ +( )

1
1 1

� (8)

The value of RL assumes the adsorption feasibility and 
nature to be either unfavorable (RL > 1), linear (RL = 1), favor-
able (0 < RL < 1) and irreversible (RL = 0). All values of RL at 
different initial concentrations of Pb(II) Cu(II) were in the 
range of 0–1 demonstrating highly favorable adsorption of 
these metal ions onto the KAC/TGO.

The Langmuir and Freundlich constants with the cor-
relation coefficients are shown in Table 2. According to the 
high values of correlation coefficient, the Langmuir model 
describes the adsorption process better than Freundlich 
model. Based on comparison of maximum monolayer 
adsorption capacity (qm of Pb(II) and Cu(II) onto different 
reported adsorbent (Table 3), it can be concluded that KAC/

TGO is a promising adsorbent with a very large adsorption 
capacity to uptake Pb(II) and Cu(II) from wastewater.

3.2.3. Adsorption kinetics

To determine the adsorption kinetics of Pb(II) and Cu(II)
onto the KAC/TGO, the pseudo-first order and pseudo-sec-
ond order kinetic models were used. The pseudo first order 
equation is represented as follows [44]:

log log
.

q q q
K

te t e
ad−( ) = − ⋅

2 303
� (9)

where qt is adsorbed amount of solute at certain time t (mg/g) 
and Kad (min–1) is the pseudo-first order rate constant (min–1). 
The values of the rate constant and the correlation coeffi-
cient at different initial concentrations of Pb(II)and Cu(II) 
ions were determined by plotting a graph between log (qe – 
qt) vs. t (Fig. 6(a) and (c) and Table 4).

The pseudo-second-order kinetic model is expressed as:

t
q h q

t
t e

= +
1 1 � (10)

where the initial adsorption rate, h (mg/g·min) is equal to 
K2qe

2 and K2 is the rate constant of the pseudo second order 
adsorption (g/mg·min) and can be obtained from the slope 
(1/qe) and intercept (1/h) of the linear plot of (t/qt) vs. t. 
The plots of the linearized form of the pseudo- second order 
kinetic model (t/qt vs. t) at different initial concentrations of 
Pb(II) and Cu(II) are shown in Fig. 6(b) and (d). The values 
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Fig. 5. Linear plots for the Freundlich (a) and Langmuir (b) isotherm models.

Table 2
The Langmuir and Freundlich models constants and correlation 
coefficients 

Heavy 
metal

Langmuir isotherm Freundlich isotherm

qm 
(mg/g)

KL 
(L/mg)

R2 Kf 
(mg/g) 
(L/mg)1/n

n R2

Pb(II) 204.08 0.42 0.9999 77.66 3.28 0.9822
Cu(II) 196.07 0.29 0.9953 65.65 3.02 0.8899
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of constant parameters and correlation coefficients calcu-
lated for pseudo-second order kinetic model are presented 
in Table 4. Highest correlation coefficients (R2) were belong 
to the pseudo-second order, indicating the studied adsorp-
tion system are in the good agreement with pseudo-second 
order kinetic model. These results validate this assumption 
that the rate limiting step of Pb(II) and Cu(II) uptake on 
the KAC/TGO is presumably chemisorption. This kind of 
adsorption typically involves chemical reaction between the 

Table 3
Maximum monolayer adsorption of Pb(II) and Cu(II) onto different reported adsorbents

Heavy metal Adsorbents (mg/g) Ref.

Pb(II) bentonite clay based hydroxyapatite composite 346 [36]
Pb(II) AC/G 217/6 [13]
Pb(II), Cu(II) EDTA-functionalized chitosan/GO 206.52, 207.26 [37]
Pb(II), Cu(II) KAC/TGO 204.08, 196.07 This study
Pb(II) AC (from citrus limettioidesseed) 142.86 [38]
Pb(II), Cu(II) carbon nanotube/graphene hybrid aerogels 104.9, 33.8 [39]
Pb(II) baelleaves (aeglemarmelos) 104.00 [40]
Pb(II) chemically treated rubber leaf powder 95.30 [41]
Cu(II) magnetic copper imprinted chitosan/GO composite 132 [42]
Cu(II) amidoximated polyacrylonitrile/organobentonite composite 77.43 [43]

adsorbate and the KAC/TGO surface by generating new 
chemical (usually covalent) bonds and metal ions prefer to 
occupy the sites that maximize their coordination number 
with the substrate.

3.2.4. Effect of competing ions

Natural waters and industrial effluents  contain com-
mon metal ions such as sodium, calcium and magnesium 
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cations, in significant concentrations. These cations compete 
for binding sites of the adsorbents and affect their metal 
sorption potential [45]. Therefore, it is necessary  to deter-
mine the competition between the heavy metals and vari-
ous concentrations of these cations for adsorption onto AC/
TGO. Fig. 10 shows the effects of competition of naturally 
occurring interfering cations Na(I), Mg(II) and Ca(II) on the 
adsorption of the selected heavy metals by the AC/TGO. 
Na(I) as a monovalent cation showed the lowest effect on 

the binding of target metal ions onto the adsorbent, because 
it does not directly compete with divalent cations for bind-
ing sites of AC/TGO. However, in the presence of Na(I) at 
5 mg/L, Pb(II)  and Cu(II) uptake were reduced approxi-
mately 22 and 15%, respectively. At 200 mg/L of Ca(II) ions, 
the adsorptions of Cu(II) and Pb(II)  were approximately 
reduced by 23% and 36% , respectively. This adsorption can 
also be due to the increase in ionic strength of the solution 
because of the higher number of charged species.

Table 4
Pseudo-first order and pseudo-second order adsorption rate constants, qe and R2 values 

Metal ion 
concentration 
(mg/L)

Pseudo-first-order rate equation Pseudo-second-order rate equation

Kad 
(min–1)

qe 
(mg/g)

R2 K2 
(g/mg-min)

qe 
(mg/g)

h 
(mg/g-min)

R2

Pb(II) 50 mg/L 0.056 73.87 0.9849 0.1 × 10–2 106.38 11.86 0.9939
75 mg/L 0.039 108.76 0.9854 6 × 10–4 147.05 12.99 0.9902
100 mg/L 0.045 120.67 0.9789 6.3 × 10–4 181.81 21.1 0.9955

Cu(II) 50 mg/L 0.052 69.83 0.9733 1.1 × 10–2 101.01 11.68 0.9931
75 mg/L 0.040 103.20 0.9898 6.5 × 10–4 144.92 13.85 0.995
100 mg/L 0.045 126.50 0.9876 5.4 × 10–4 178.58 17.24 0.9947
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3.2.5. Regeneration studies

Adsorption desorption experiments were conducted 
through batch studies to examine the reversibility of the 
adsorption process and the feasibility of adsorption and 
desorption behavior of KAC/TGO for Pb(II) and Cu(II) 
removal. The concentration of metal ions in each solution is 
shown in Fig. 8. The most effective desorbing agent for desorp-
tion of both metals and regenerating the adsorbent was found 
to be 0.1 M HNO3. Under acidic condition, the KAC/TGO was 
protonated by H+ ions to promote desorption of positively 
charged metal ions from its surface. Desorption experiments 
were performed at different concentrations of HNO3 (0.1–0.5 
M), to investigate the effects of different concentrations of the 
eluting agent. According to the results, maximum desorption 
was achieved by 0.2 M HNO3 (Fig. 9). In order to investigate 
the adsorbent  regeneration ability, consecutive adsorption–
desorption cycles  were repeated  three  times using recycled 
KAC/TGO as the regenerated sorbent and 0.2 M HNO3 as the 
effective eluting agent (Fig. 10).

4. Conclusion

High surface area KAC/TGO composite was synthe-
sized successfully from thiol functionalized graphene 

oxide and AC prepared from sugar cane molasses using 
KOH activation. The experiments were focused on the use 
of this composite for removal of lead and copper ions from 
aqueous solutions. The maximum adsorption capacities 
of KAC/TGO were found to be 204.08 and 196.07 mg/g 
for Pb(II) and Cu(II), respectively. Optimum conditions 
obtained at pH 5.0, the adsorbent mass of 0.05 g/100 mL 
and initial metal ion concentration of 50 mg/L and 60 
mg/L for Pb(II) and Cu(II), respectively. The adsorption 
process was found to conform to the pseudo-second-order 
kinetic model and the equilibrium data of the study fol-
lowed the Langmuir adsorption isotherm. Hence, heavy 
metals adsorption on the KAC/TGO is mostly homoge-
neous and monolayer adsorption. The most effective agent 
for desorbing Pb(II) and Cu(II) ions from KAC/TGO was 
observed to be 0.2 M HNO3. Regenerating of KAC/TGO 
demonstrates that it can be infinitely reused in acid treat-
ment for adsorbing Pb(II) and Cu(II) repeatedly from 
aqueous solutions without significant loss in its adsorp-
tion capacity. Fast and facile production, nanometer size, 
low cost and high adsorption capacity make KAC/TGO 
as a new promising adsorbent in water and wastewater 
treatment for removal of heavy metals.
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