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ABSTRACT: Heavy metals such as copper are known as environmental pollutants and lead to 

irreversible damage to human health and other living organisms. This study aims to remove copper 

ions from aqueous solutions using a new adsorbent that includes the carboxylated Multi-Wall Carbon 

NanoTube (COOH-MWCNT) functionalized with 3-amino-dihydroxy benzo-indeno-furan (MWCNT-

f) and in a discontinuous adsorption system. The results showed that MWCNT-f adsorbent can act  

as an effective adsorbent for the removal of copper ions so the maximum removal efficiency was 

90.2% (pH 6, adsorbent mass: 0.3 g, and contact time: 45 min). The kinetic process of copper 

adsorption onto the mentioned adsorbent was found to fit the Morris-Weber kinetic model. Moreover, 

the equilibrium adsorption data indicated that Langmuir isotherm covers the equilibrium data  

with a maximum adsorption capacity of 16.78 mg/g for MWCNT-f. It was found the temperature 

increase possesses a positive effect on the removal efficiency of ions and it was achieved 95.76%  

at 50°C. The thermodynamic parameters demonstrated that the adsorption of copper on MWCNT-f, 

in the studied conditions, was spontaneous and thermosetting. The present study provides a new 

recyclable and efficient adsorbent for the removal of Cu (II) ions from aqueous solutions. 
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INTRODUCTION 

Nowadays, heavy metal toxicity has become a global 

problem and it seriously threatens the environment and 

human health. High concentrations of heavy metals exhibit 

toxicities and can be lethal for all life forms [1]. These 

heavy metals which flow into the environment 

(directly/indirectly) via the process of industrial 

production and evacuation of urban sewage sludge, in 
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many parts of the world, have been considered pollutants 

even at very low concentrations [2]. These materials 

pollute drinking water resources and lead to biological 

aggregation of the mentioned elements in the body and 

consequently genetic mutations, fetal deficiencies, severe 

poisoning, skin disorders, inflammation of the digestive 

system, etc [3,4]. 
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Therefore, the removal of such elements from water 

and wastewater solutions to prevent their aggregation in 

the body, and decrease environmental pollution is the main 

goal in this field.  

In this regard, different methods exist, including 

chemical precipitation, ultrafiltration, ion exchange, 

vacuum-evaporation, membrane technologies, electro-

dialysis, reverse osmosis, etc. but, the adsorption method 

is known as one of the main methods in this field, due to 

the simpler treatment of large volumes of ion solutions and 

low cost [5, 6].  

In recent years, the adsorbents used to treat wastewater 

and water resources involve activated carbon, zeolite, 

bentonite, charcoal ashes, clay, algae, carbon nanotubes, 

biological materials, etc. [3, 8–10]. Among them, carbon 

nanotubes (CNTs) possess unique properties. The 

arrangement of carbon atoms in the wall of these 

cylindrical structures is exactly the same as the 

arrangement of hexagonal arrays of carbon in graphite 

sheets which leads to strong interactions with other 

molecules/atoms (due to each layer have connected to the 

underlying layer through weak bonds of van der Waals). 

Multi-wall carbon nanotubes functionalized with 3-

Amino-5a, 10a-dihydroxy benzo [b] indeno [2,l-d]furan-

10-one (ADIF), (MWCNT-ADIF), are the sample of these 

adsorbents that can be used for removing lead ions from 

aqueous solutions. In this field, Eyni et al. showed that lead 

ions can be desorbed from MWCNT-ADIF up to 92% at 

pH=3 and the recycled MWCNT-ADIF could be reused 

for 5 regeneration cycles [11].  

Carboxylated multi-walled carbon nanotube 

(MWCNT-COOH) functionalized with 1-isatin-3-

thiosemicarbazone (MWCNT-f) is another sample in this 

field fabricated by Jahangiri et al. to remove lead ions 

from aqueous solutions. In this study, they applied an 

orthogonal array design with four factors to assign the 

significant factors affecting the Pb+2 uptakes. Based on the 

results of this study, sorption kinetics was well described 

by a pseudo-second-order kinetic model for the designed 

adsorbents (i.e. MWCNT-COOH and MWCNT-f). 

Moreover, the Langmuir isotherm for MWCNT-COOH 

and Freundlich model for MWCNT-f was found to best 

represent the measured sorption data [12]. 

Nowadays, many theoretical and practical studies have 

focused on the structure and adsorption ability of carbon 

nanotubes and nanocomposites [13,14].  

Hence, this study aimed to investigate the process of 

copper adsorption from an aqueous solution by a carbon 

nanotube treated with HNO₃ and functionalized with 3-

amino-dihydroxy benzo-indeno-furan (MWCNT-f). 

Notably, the experiment was performed in a discontinuous 

system, so that, the effect of experimental parameters such 

as pH value, contact time, adsorbent mass, the 

concentration of ions, and temperature was studied on the 

adsorption performance. Afterward, the isotherms of 

Langmuir, Freundlich, Dubinin Radushkevich, and 

Weber–Morris adsorption kinetics, pseudo-first-order, and 

pseudo-second-order were used to study adsorption 

efficiency. Finally, the thermodynamics of the copper 

adsorption process from an aqueous solution by MWCNT-

f was evaluated. Given that, heavy metals such as copper 

can be absorbed by the carbon nanotubes whether on the 

surface or inside the holes. Here, Cu (II) ions have been 

selected to remove from aqueous solutions. 

 

EXPERIMENTAL SECTION 

Materials 

All materials and solvents such as ninhydrin, 3-

aminophenol, acetonitrile, thionyl chloride (SOCl₂), 

acetone, dichloromethane, and dimethylformamide 

(DMF) were purchased from Merck Chemical 

Company. Carboxylated multi-wall carbon nanotubes 

(COOH-MWCNT) with 10-20nm in outer diameter, 30 

micrometers in length, and 95% purity was purchased 

from the Neturino company. Moreover, Copper (II) 

nitrate salt (Cu(NO3)2.3H2O) was purchased from the 

Mercury chemical company to prepare the copper 

aqueous solution. 

 

Preparation of adsorbent 

Preparation of MWCNT-COOH 

200 mg of MWCNT is mixed with 50 mL of HNO₃ on 

the stirrer (120 °C, 24 h). Afterward, the nanotubes are 

rinsed with water to reach a pH of 7. Finally, the HNO₃-

treated MWCNT was dried in a vacuum oven at 80-70 °C 

for 24 h.  

 

Preparation of 3-amino dihydroxy benzo-indeno-furan 

Ninhydrin and 3- aminophenol (amount of each 

element: 5.6 mmoles) were dissolved in 100 ml of distilled 

water (under stirring conditions, 25 °C, 16 h). As follow, 

the needle-shaped crystals of the 3-amino dihydroxy benzo-
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indeno-furan was filtered and then purified by a crystallization 

process in acetonitrile solvent along with some water [15]. 

 

Preparation of MWCNT-f 

To prepare MWCNT-f, 200 mg of MWCNT-COOH 

was solved in SOCl₂ (30 ml) and DMF (1 ml). The 

mentioned solution was then mixed at 70 °C for 24 h. 

Afterward, to form the chlorinated acrylate nanotube 

(MWCNT-COCl), the remaining thionyl chloride was 

removed by vacuum distillation. Moreover, the 3-amino-

dihydroxy benzo indeno-furan solution with a weight 

fraction of 2.5% in DMF was prepared, then add to the 

reaction mixture and mixed at 120 °C for 72 h. This 

mixture was washed several times with solvents of acetone 

and dichloromethane (at room temperature). Finally, the 

formed solid black material was dried at 25 °C, for 8 h 

under vacuum conditions. 

 

Adsorption characterization 

The Scanning Electron Microscope (SEM, XL30 

ESEM, Philips, Germany) was employed to study the 

morphology and pores size of the adsorbent. Before SEM 

evaluation, the surface of the adsorbent was coated with a 

thin layer of gold (Au).  

Fourier-transform infrared spectroscopy (FTIR) 

analysis was also performed by FTIR (Model-ALPHA, 

Bruker, Germany) spectrometer, to identify functional 

groups of the adsorbent. Briefly, the sample was prepared 

in KBr (1 mg in 1g of KBr) and pressed under the pressure 

of 200 kg/cm2 for 5 min. Then, the adsorbent was scanned 

in the wavenumber range of 400–4000 cm-1. 

To find the thermal stability of the adsorbent, the thermal 

analysis of the sample was performed by thermogravimetric 

analysis (TGA) device (PerkinElmer, Inc., UK) with heating 

the sample from 25 ˚C to 725 ˚C under a nitrogen atmosphere 

and heating rate of 10 ˚C min-1 [16]. 

 

Adsorption experiments 

The adsorption studies were performed in discontinuous 

experiments according to the following procedure. 

Step 1) Preparation of 1000 ppm solution containing 

copper nitrate (Cu(NO3)2.3H2O) and distilled water (as 

mater solution) and then dilution of the prepared solution 

to obtain copper solutions with different concentrations 

(50-120 ppm). Step 2) Nitric acid (HNO3, 1M) and sodium 

hydroxide (NaOH, 1M) were used to adjust pH in the range 

of 2-6 (SP21 pH meter). Step 3) The mentioned adsorption 

systems were stirred to evaluate the effects of contact time 

(at different time intervals: 5, 10, 15, 20, 25, 30, 35, 40, 45, 

and 50 min), different values of adsorbent (0.05-0.4 g) and 

temperatures studied (20, 30, 40, 50 ˚C). Step 4) The 

adsorbent and solution were separated by centrifuging the 

solutions (8000 rpm, 30 min). Step 5) The concentration of 

the remained copper in the solutions was measured by the 

atomic absorption spectrometer (Varian, model AA240). 

Step 6) The adsorption kinetic and isotherm modeling, the 

study of the effect of temperature and thermodynamics. 

Equation (1) was employed to study the removal 

efficiency (%) of copper by the adsorbent. Equation (2) 

was also used to study the adsorption capacity of the 

adsorbent.  

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶𝑖−𝐶𝑓

𝐶𝑖
× 100                                            (1) 

Ci (mg/L) and Cf (mg/L) are the initial and final metal 

concentrations in the solution, respectively. 

qt (𝑜𝑟 qe) = (𝐶𝑖 − 𝐶𝑡(𝑜𝑟 𝐶𝑒 ) ×
𝑉

𝑚
                                 (2) 

where: qt and qe are the adsorption capacity of the 

adsorbent at a specific time and the state of equilibrium 

(mg/g) respectively. Likewise, Ci, Ct, and Ce are the initial, 

specific time, and equilibrium metal concentrations of metal 

ions in solution (mg/L). V and m are the volumes of the 

solution (L) and dry weight of the adsorbent (g) respectively. 

 

Adsorption kinetics and isotherm modeling 

Adsorption kinetics 

Three kinetic models of Weber–Morris (intra-particle 

diffusion), pseudo-first-order, and pseudo-second-order, 

were used to fit the experimental data, study the adsorbate 

rate, and obtain an insight into the possible reaction 

pathways of the adsorption process. The non-linear 

equation and parameters of the mentioned kinetic models 

were provided in Table 1. 

 
 

Adsorption isotherm 

To analyze the experimental equilibrium data and 

assess the maximum adsorption capacity of the adsorbent, 

as well as to identify the better adsorption mechanism, the 

Langmuir, Freundlich, and Dubinin–Radushkevic 

isotherm models were studied. The non-linear and linear 

mathematical expressions and parameters of the three 

applied models were given in Table 2. 
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Table 1: Adsorption kinetic models studied 

Kinetic model Equation Parameters of the kinetic model 

Morris-Weber qt =  Kid(t)0.5 Kid= Intra-particle diffusion rate constant (mg. (g. min )0.5) 

pseudo-first-order 

dqt

dt
= k1(qe − qt) 

log(qe − qt) = logqe −
k1t

2.303
 

K1= Pseudo-first order rate constant (min-1) 

qe= Equilibrium capacity (mg/g) 

pseudo-second-order 

dqt

dt
= k2(qe − qt)2  

log(qe − qt) = logqe −
k1t

2.303
 

K2= pseudo-second-order rate constant (g.mg-1.min-1) 

qe= Equilibrium capacity (mg/g) 

qt (mg/g) = amount adsorbed [at the time (t)] 

Table 2: Adsorption isotherm models studied 

Isotherm model Non-linear equation Linear equation Parameters of the isotherm model 

Langmuir 

qe =
qmkLce

1 + kLce

 

RL =
1

1 + kLc0

 

ce

qe

=
1

qmkL

+
ce

qm

 

qm = Maximum adsorption capacity (mg/g) 

kL= Langmuir constant (L/mg) 

RL= Langmuir separation factor (dimensionless) 

Freundlich qe = kFce

1

n log( qe) = log( kF) +
1

n
log( ce) 

kF = Empirical Freundlich constant (min-1) 

n = Freundlich’s exponent which demonstrates 

severity of adsorption 

Dubinin–Radushkevic 

1
ln(1 )DR

e

K RT
C

e dq q
− +

=

Ea =
1

√2KDR
 

ln( qe) = ln( qd) − KDR ε2 

ε = RT ln[ 1 +
1

Ce

] 

qd= Maximum adsorption capacity (mg/g) 

KDR= Dubinin–Radushkevic constant related to Ea 

(mol2/kJ2) 

Ea= The mean of free adsorption energy (kJ/mol) 

c0 (ppm) = initial metal concentration  

ce (ppm) = final metal concentration 

 

RESULTS AND DISCUSSIONS 

Adsorption characterization 

Morphology of adsorbent 

The SEM images of carboxylated and functionalized 

carbon nanotubes (MWCNT-COOH and MWCNT-f) 

were shown in Fig. 1 As can be clearly observed in the 

SEM images, there are many pores throughout MWCNT-

f compared with MWCNT-COOH that can lead to 

increased functionality of this material in the adsorption 

process. Absorbent particles with an average size of 200 to 

500 nm can be seen. Also, the nanoparticles of this 

absorbent with dimensions less than 10 nm were observed 

on the surface of the modified absorbents. 

 

FTIR spectrum 

The FTIR spectra of MWCNT-COOH and MWCNT-f 

have presented in Fig. 2a The spectra analysis indicated 

that the absorption band at 1400 cm-1 (in both spectra), is 

related to O-H (hydroxyl) groups of acid or alcohol. 

Moreover, peaks at 1600 and 1740 cm-1 in the MWCNT-

COOH spectrum are related to C-O and C=O of bonded 

carboxylic on the surface of the MWCNT [17]. The peak 

in the range of 1600 cm-1- 1680 cm-1, as well as the new 

peak of 3135 cm-1 for the MWCNT-f spectrum, are also 

attributed to C=C, C=N, and N-H groups, which confirm 

the successful attachment of 3-amino-dihydroxy benzo 

indeno-furan onto the surface of MWCNT-COOH. Fig. 2b 

shows the structure of the modification route of the 

MWCNT-COOH and MWCNT-f. 

To check the thermal stability of the MWCNT-F, TGA 

analysis was carried out and compared with MWCNT-

COOH and 3-amino-dihydroxy benzo indeno-furan which 

are shown in Fig. 3. Since MWCNT-COOH is relatively 

stable in terms of heat, higher weight loss MWCNT-f is 

related to the elimination of the group attached to the 

carbon nanotube.  As was found from the MWCNT-f 

thermogram, the bonding of 3-amino-dihydroxy benzo 

indeno-furan into the MWCNT-COOH has significantly 

impacted the thermal stability of MWCNT-COOH. Such 

that, ~30% of the weight loss of MWCNT-f at the 

temperature of 200 ˚C to ~540 ˚C is attributed to the 

degradation of side-chains of 3-amino-dihydroxy benzo 

indeno-furan. Observed weight loss from 550 ˚C to 600 ˚C 

is also assigned to the loss of MWCN main chains. It is 

notable that, weight loss before 100 ˚C was attributed to 

the loss of adsorbed water into adsorbent [18,19]. 
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Fig. 1: The SEM images of (A) MWCNT-COOH and (B) MWCNT-f 

 

 

 

Fig. 2: (a)The FT-IR spectra of MWCNT-COOH (green) and MWCNT-f (blue), (b) Structure of the modification route 

 of the MWCNT-COOH and MWCNT-f.Thermo Gravimetric Analysis (TGA)  
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Fig. 3: The TGA curve of MWCNT-COOH, MWCNT-f, and 3-amino 

dihydroxy benzo indeno furanEffect of pH  

 

The pH plays a crucial role in the adsorption of metal 

ions onto the adsorbent. Indeed, the pH affects the 

adsorption process through the degree of ionization, the 

surface charge of the adsorbent, or the speciation of the 

adsorbate. Here, the influence of solution pH for the 

removal of copper ions, by MWCNT-f, is illustrated in Fig. 

4A. For this experiment, the initial concentration of Cu (ІІ) 

ions and the adsorbent content were 50 ppm and 0.5 g per 

100 ml, respectively. Since pH values higher than 6 lead to 

the formation of copper deposits and copper hydroxide, the 

pH was selected in the range of 2-6 [20–22].  

As apparent from Fig. 4A, the removal of Cu (ІІ) ions 

was highly pH-dependent so the maximum removal 

occurred at pH 6. At this pH, the MWCNT-f can acquire a 

negatively charged surface which leads to an increase in 

the electrostatic attraction between the adsorbent surface 

and copper ions [19,23,24]. As PH is decreased, the 

removal of copper ions was also reduced which can be due 

to an increase in H+ ion concentration and limitation of the 

number of available sites for the adsorption of ions. It leads 

to the surface ionization of adsorbent and results in the 

reluctance for adsorption of metal cations on MWCNT-f. 

Therefore, the optimum pH to promote adsorption 

efficiency was found at pH 6.  

 

Effect of contact time  

The influence of contact time on the removal of copper 

ions, by MWCN-f is shown in Fig. 4B. For this 

experiment, the initial concentration of copper in the 

aqueous solution, the pH, and the adsorbent content were 

50 ppm, 6, and 0.5 g per 100 ml, respectively. 

As can be seen in this Fig., the rate of Cu (ІІ) removal 

during the 30 min was about 73%, afterward, the system 

gradually approached the equilibrium state. This 

equilibrium for Cu (ІІ) was reached in less than 50 min, so 

that, the copper removal efficiency from the aqueous 

solution, at 45 min, was reported 90.19% and followed by, 

very little change in removal efficiency was observed. It 

indicates that the copper adsorption is controlled by the 

interactions taking place on the studied adsorbent surface 

at 45 min [25, 26]. Therefore, the contact time of 45 min 

was determined as the optimum time to carry out the 

subsequent experiments. 

 

Effect of adsorbent dosage 

Fig. 4C illustrates the effect of adsorbent dosage on the 

removal efficiency of copper ions. For this experiment, the 

different amounts of MWCNT-f (0.05-0.4 g) were 

evaluated into 100 ml of the copper aqueous solution with 

an initial concentration of 50 ppm, pH of 6, and contact 

time of 45 min.  

As was apparent from the mentioned Fig., the removal 

efficiency of Cu (ІІ) ions has enhanced with an increase in the 

amount of adsorbent. In this field, a similar trend was reported 

for the removal of metal ions using the MWCNTs [27]. It can 

be explained by the increasing number of sites available for 

the adsorption of Cu (ІІ) ions on the adsorbent. So, the 

removal of Cu (ІІ) increased from 41.12 to 90.43 %, when the 

amount of MWCNT-f was increased from 0.05 to 0.3 g. With 

increasing the amount of adsorbent (0.4 g) no significant 

difference was observed in the adsorption efficiency. It can be 

due to the constant concentration of metal ions in the solution 

which despite the increase in sorption sites, due to the increase 

of MWCNT-f dosage, the amount of adsorption has not 

increased. Hence, 0.3 g dosage was selected as the optimum 

amount of adsorbent. 

 

Effect of initial concentration of the metal ions 

The removal of metal ions by adsorbent affected by the 

initial concentration of Cu(ІІ) (in the range of 50–120 mg/L) 

was evaluated at a pH of 6 and the mass of adsorbent of 

0.3 g of MWCNT-f. 

Fig. 4D indicates the effect of the initial concentration 

of copper ions vs. the removal efficiency (%). An increase 

in the initial concentration of metal ions leads to a 

reduction of removal efficiency; so the highest removal 

percentages by MWCNT-f at the concentration of 50 mg/L 

of copper was recorded at 90.43%. In this concentration, 

the copper ions react to active adsorption sites of 

MWCNT-f, quickly. While, at the high concentrations of 

Cu(ІІ), due to the existence of a constant number of  adsorbent
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Fig. 4: (A) The effect of pH, (B) The effect of contact time, (C) Effect of adsorbent, (D) The effect of initial copper concentration on 

the removal efficiency of copper by the MWCNT-f adsorber 

 

sites available and an increased ratio of an initial number 

of moles of Cu(ІІ), each of the mentioned sites is 

surrounded by several Cu(ІІ) ions, which lead to a decrease 

in removal efficiency (%) of metal ions.  

Notably, at the higher concentrations of metal, 

adsorption capacity is almost constant which is related to 

saturated adsorption sites of adsorbent. Many studies 

confirm the mentioned results [7,28].  

 

Adsorption kinetics 

Many adsorption processes are dependent on time, so, 

knowing the kinetic of these processes is very important to 

understand the dynamics of the reaction and predict the 

adsorption rate with time. There are numerous kinetic 

models, applied for adsorption in discontinuous processes. 

Although, they cannot be easily applied due to their 

mathematical complexity, however, Morris-Weber’s 

pseudo-kinetic model, first-order and pseudo-second-

order models are simple kinetic models which widely used 

to study adsorption capacity (qt) at the time (t). 

It is notable that in first-order and pseudo-second-

order equations, it is assumed that (qe-qt) is the main 

factor for the adsorption action, and the adsorption rate is 

proportional to this factor, while Weber–Morris model is 

intra-particle diffusion and used for investigation of the 

influence of penetration in the process kinetic. Indeed, 

the adsorption process of heavy metals from an aqueous 

solution onto an adsorbent occurs in several steps and 

total adsorption may be controlled by one or more of 

these steps. The first step involves the adsorbate 

penetration on the external surface of the adsorbent. The 

intra-particle diffusion is the second stage of the 

adsorption process, if this step controls the process, can 

be used the Morris-Weber equation. The third stage is 

related to penetration at the adsorbent surface. In this 

stage, the final equilibrium is created by the very low 

concentration of adsorbate in solution and the decrease of 

active sites on the adsorbent. Hence, the investigation of 

adsorption kinetic was carried out utilizing the pseudo-

first-order, pseudo-second-order, and intra-particle 

diffusion models, and the best fit kinetic model was 

chosen based on the correlation coefficient value 

obtained through Morris-Weber equation. The studied 

parameters were listed in Table 3.  

The experimental data showed very good compliance 

with the Morris-Weber model (R2 = 0.98), hence, it  

can be claimed that the adsorption process is controlled 

by the penetration step. However, this stage is not the only 
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Table 3: Kinetic stability parameters for copper adsorption on MWCNT-f adsorbers 

Morris-Weber equation 
Kid

 (min-1) R2 

2.4674 0.9845 

Pseudo First Order Kinetic Model 
K1(min-1) qe(mg/g) R2 

0.091 30.4719 0.7536 

Pseudo Second Order Kinetic Model 
K2 (g.mg-1.min-1) qe(mg/g) R2 

0.0014 24.0385 0.9253 

 

Table 4: Isotherm constant values for copper adsorption on adsorbent MWCNT-f 

R2 qm ( mg/g) KL (min-1) 
Langmuir Equation 

0.95 16.78 0.209 

R2 N KF (min-1) 
Freundlich Equation 

0.30 13.21 15.164 

R2 qd KDR 

Dubinin Radushkevich Equation 
0.66 20.25 0.000001 

stage-controlling in the adsorption process because the line 

has not passed through the origin. Moreover, the pseudo-

second-order model led to a linear curve with R2=0.92, 

which that shows, the pseudo-second-order equation can 

be also a relatively suitable model for describing the 

copper adsorption kinetics on MWCNT-f.  

It is notable that, in the pseudo-first-order equation, the 

adsorption intensity of metal ions in the adsorbent sites fits 

with the number of empty sites and linear propulsion 

forces, so the adsorption process follows the pseudo-first-

order mode when the adsorbate concentration into the 

aqueous solution is high. Here, the correlation coefficients 

for the pseudo-first-order kinetic model are low indicating 

this model is a poor fit for the experimental data (R2=0.75). 

Accordingly, it was found that one of the steps-limiting 

in this adsorption process is the intra-penetration stage 

(intra-particle diffusion), due to the high correlation 

coefficient for the Morris-Weber equation. Moreover, the 

experimental data demonstrate that the adsorption of 

Cu(ІІ) ions by MWCNT-f may follow the pseudo-second-

order kinetic model (R2 > 0.91). It relies on the assumption 

that chemisorption can be the rate-limiting step. In this 

type of sorption, the metal ions attach to the adsorbent 

surface via forming chemical bonds (like covalent) and 

tend to find sites that increase the number of their 

coordination with the adsorbent surface [29]. 

 

Modeling adsorption isotherm 

Adsorption isotherms play an important role in the 

design of the adsorption system and provide the maximum 

adsorption capacity for adsorbents to remove metal ions 

from an aqueous solution. In this field, there are various 

isotherm models, however, isotherm models of Langmuir, 

Freundlich, and Dubinin– Radushkevich widely employ to 

describe the equilibrium process of adsorption [18]. Here, 

the experimental data were analyzed using the mentioned 

models to describe the adsorption of copper on the 

MWCNT-f. The curves resulting from all three models 

along with the parameters of these functions are shown in 

Table 4. 

The comparison of the results showed that the 

experimental data are well correlated with Langmuir’s linear 

isotherm due to the high correlation coefficient (Table 4). It 

can be attributed to the homogeneous distribution of 

activating sites which resulted in the surface of homogeneous, 

and monolayer adsorption on MWCNT-f. Moreover, the 

amount of free adsorption energy (Ea), calculated using the 

Dubinin– Radushkevich model, was smaller than 8 kJ/mol 

(Ea=707/11 j/mol). It implies that the physical interactions, as 

opposed to ion-exchange and chemical bonds formation, 

control the studied system, because the adsorption process is 

physical, ion-exchange or chemical type when Ea < 8 kJ/mol, 

8 kJ/mol < Ea < 16 kJ/mol, Ea > 16 kJ/mol, respectively [30]. 

This finding is consistent with the reached results by non-

linear modeling of the kinetic data. Hence, Langmuir 

isotherm is a suitable model for describing the adsorption 

process of copper ions on MWCNT-f. 

 

Effect of temperature on the removal efficiency 

The temperature effect on removal of copper ion by  
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Table 5: Effect of temperature on copper adsorption efficiency on MWCNT-f 

Removal Efficiency  )%( Temperature (C) 

90.31 20 

92.45 30 

94.63 40 

95.76 50 

 

Table 6: Thermodynamic parameters for copper adsorption on MWCNT-f 

R2 ΔG (kJ/mol) T (C) ΔS (kJ/mol) ΔH (kJ/mol) 

Cu (ІІ) adsorption onto  MWCNT-f 0.98 

-5.437 20 

0.105 25.50 -6.31 30 

-7.46 40 

 -8.37 50   

MWCNT-f was studied within the range of 20-50 °C 

(under optimum conditions of pH, contact time, the dose 

of adsorbent, and initial metal ions). Table 5 indicates the 

effect of temperature on the adsorption capacity of copper, 

according to which, the temperature rising was led to an 

increase in removal efficiency of copper from aqueous 

solution, by MWCNT-f adsorbent, although a minor 

difference was observed at the temperatures of 40 °C and 

50 °C. Indeed, the temperature rising leads to a decrease in 

the thickness of the boundary layer, in the adsorbent 

surface, resulting in the improvement of the adsorbate 

transfer, from the solution to the adsorbent active sites. The 

increase of this parameter not only can lead to an increase 

in the number of active sites available for the adsorption 

process but also promotes the driving force of adsorption 

between adsorbate and adsorbent, as well as adjacent 

adsorbed molecules. The positive effect of the temperature 

in the removal efficiency confirms the endothermic nature 

of the adsorption process of the copper by MWCNT-f. 

In the study of Xu et al., which used 

Poly(ethyleneimine)-Functionalized Silica for the 

adsorption of copper ions from electroplating wastewater, 

the removal efficiency of Cu(II) ions was 92.6% [31]. In 

our study, the removal efficiency of copper ions after 45 

min was 90.2%. We found the temperature increase 

positively affected the removal efficiency of ions and 

achieved 95.76% at 50°C. 

 

Thermodynamic study  

Based on the results provided in Table 3, the values of 

thermodynamic parameters of the adsorption process 

[i.e. free energy change (ΔG), enthalpy change (ΔH), 

and entropy change (ΔS)] were calculated by   ٍ quations 

3-5 [21].  

𝐾𝑐 =
𝐹𝑒

1−𝐹𝑒
                                         (3) 

𝑙𝑜𝑔𝐾𝑐 =
−𝛥𝐻

2.303𝑅𝑇
+

𝛥𝑆

2.303𝑅
  

 

 (4) 

𝛥𝐺 = −𝑅𝑇 𝑙𝑛 𝐾𝑐 

 

 (5) 

Where Fe is the fraction of copper ions that adsorbed in 

equilibrium status, KC is the sorption distribution 

coefficient, R (8.314 J/mol.K) is the universal gas constant, 

and T (K) is the temperature. The values of ΔH and ΔS  

can be obtained from the slope and the intercept of the plot 

of the log Kc line vs. 1/T. The calculated values for ΔG, 

ΔH, and ΔS are listed in Table 6. 

Based on the results, the negative values of ΔG show 

that the removal of Cu(ІІ) ions by  MWCNT-f is a 

spontaneous adsorption process. Likewise, the positive 

value of ΔH confirms the endothermic nature of the 

adsorption process. Moreover, many reports indicate the 

ΔH values provide useful information about the type of 

adsorption process so that ΔH values for physisorption and 

chemisorption have been reported in the range of 2.1-20.9 

kJ/mol and 20.9-418.4 kJ/mol, respectively [18, 21, 32]. 

Therefore, the ΔH value obtained in this study 

demonstrates that chemisorption can be contributed to the 

removal of copper ions by MWCNT-f. 

Furthermore, the positive value of ΔS indicates the 

possibility of increased randomness at the solid-liquid 

interface during the copper ions adsorption onto 

MWCNT-f. 
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CONCLUSIONS  

Removal of Copper ions from aqueous solutions was 

evaluated using a new adsorbent of the carboxylated multi-

wall carbon nanotube (COOH-MWCNT) functionalized 

with 3-amino-dihydroxy benzo-indeno-furan (MWCNT-

f), and in a discontinuous adsorption system. The designed 

MWCNT-f was the effective adsorbent for the removal of 

Cu (II) from an aqueous solution. It was found that the 

increase in pH led to the promotion of adsorption capacity, 

which could be due to the decreased competition between 

H+ and Cu+2 in the available adsorbent sites. Notably, the 

higher adsorption capacity was related to pH 6. Moreover, 

in the early minutes, the adsorption of copper was rapidly 

carried out due to a large number of active sorption sites 

on the surface of adsorption. Followed by, with increasing 

contact time, the available adsorption sites gradually 

reduced, due to their filling by Cu ions, which resulted in 

the decrease of adsorption rate. It is notable that, the 

optimum amount of adsorbent was determined 0.3 g/ 100 

ml, also the copper adsorption efficiency was reported 

90.31%. The adsorption process of copper followed the 

Morris-Weber kinetic model and the adsorption isotherm 

studies demonstrated, the results possess more in 

accordance with the Langmuir model. The effect of 

temperature evaluation on the copper adsorption process, 

by MWCNT-f, showed that the temperature rise has a 

positive effect on copper removal efficiency. Furthermore, 

the calculated values of the thermodynamic parameters in 

the adsorption reaction on the adsorbent showed that the 

copper adsorption on MWCNT-f is a spontaneous and 

endothermic process. Our study provides a new recyclable 

adsorbent for the efficient treatment of Cu (II) ions from 

aqueous solutions. 
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