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A B S T R A C T
Nanomagnetic chitosan composites (NMCC) adsorbents were 
synthesized by the hydrothermal method with chitosan, ethylene 
diamine tetraacetic acid, and 3,3ˊ-diaminobenzidine, and the 
adsorption efficiencies for the removal of cadmium and lead ions 
from aqueous solution were investigated. The prepared adsorbents 
were characterized using FTIR, high-resolution transmission electron 
microscopy (HRTEM), and energy-dispersive X-ray (EDX). Batch 
systems were carried out, and different operation parameters, 
including pH, agitation time, and temperature, were optimized. It 
was observed that the maximum removal efficiency was obtained 
at pH 8.0 and 5.0, and with agitation time (6, 3, 1) hr. and (2, 1.5, 
1) hr. for Cd2+ and Pb2+, respectively. Langmuir, Freundlich, 
Dubinin-Radushkevich, and Temkin isotherm models were applied, 
and the results showed that Langmuir was fitted very well for all 
adsorption systems. From the linearized Langmuir equation, qmax 
was 54.64, 81.97, and 344.8 mg g-1 for cadmium ion and 222.2, 
344.8, and 714.3 mg g-1 for lead onto Ch@F, Ch@EDTA@F, and 
Ch@EDTA@Am.@F, respectively. Kinetic models were employed 
to elucidate the adsorption mechanisms. The pseudo-second-order 
model demonstrated a good agreement with experimental data for 
both Cadmium and Lead ions across all adsorbents. Adsorption 
systems results were further evaluated by calculating thermodynamic 
parameters, including enthalpy, entropy, changes in free energy, and 
activation energy, Ea.
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1. Introduction
Since the late 18th century, when the Industrial 
Revolution started, pollution has grown to be 
one of the world’s most significant problems. 
This is because agriculture, urbanization, and 
industrialization are all developing quickly on a 
global scale. The scientific community has been 
interested in cadmium and lead poisoning because 

of the possible harm they could do to human health 
and the environment. This kind of pollution has 
the potential to spread throughout the biosphere, 
atmosphere, lithosphere, and hydrosphere, among 
other components of the Earth’s system [1]. Low 
levels of exposure to these metals have been linked 
to a number of illnesses and even death, according 
to newly established tools and procedures for 
measuring these compounds. However, the 
literature has extensively documented that lead 
and cadmium pollute several environmental 
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elements, including soil, plants, water, and air. 
They can come from man-made (anthropogenic) 
sources such as energy production and metallurgy, 
sewage disposal, and agriculture (agrochemicals), 
or natural (geogenic) sources like parent rocks and 
minerals which exist naturally on the crust of Earth. 
For example, Southeast Asia’s population has 
grown too quickly in recent decades, necessitating 
significant development of plans for industry and 
economy. Consequently, farmers use pesticides and 
fertilizers to meet the population’s food needs, as 
well as untreated wastewater to irrigate the soil, 
which causes lead and cadmium to build up in the 
soil and food plants. Water is unquestionably a 
significant and essential component for maintaining 
life. It is the primary component of the lakes, 
rivers, and seas of Earth, as well as the liquids of 
the majority of organisms and the majority of living 
tissues. It makes up around 71% of the planet’s 
surface. It also plays a significant role in the texture 
and processing methods of food and is a prominent 
component of all food kinds [2]. There are several 
ways that humans can be exposed to dangerous 
metals, including by eating or drinking tainted 
food or water, being around airborne particles, or 
using cutlery made of materials that could cause 
the minerals to seep into the food. Lead (Pb) is 
one of the most prevalent heavy metals that can be 
present in drinking water. It can replace calcium 
in bone and induce broad metabolic poisoning 
and enzyme inhibition. Adults may develop lead 
encephalopathy as a result of acute poisoning by 
organic lead compounds since lead compounds 
can also breach the blood-brain barrier in adults. 
The central nervous system, brain, kidney, 
hyperactivity, memory and concentration issues, 
high blood pressure, hearing issues, headaches, 
slowed growth, problems with reproduction in both 
men and women, digestive issues, and pain in the 
muscles and joints are all consequences of high 
lead levels in the body [3].  Cadmium is another 
significant metal (Cd). It has a lengthy biological 
half-life in the human body, ranging from 10 to 33 
years, and is dangerous even at low concentrations. 
It can also build up in the body and ecosystems. 

Chronic exposures injure or impair the function of 
the central nervous system, the liver, and the kidneys. 
It is a global concern that developing nations lack 
adequate water supply systems and safe drinking 
water. Around 884 million people worldwide still 
do not get their drinking water from sources that 
have been certified, and nearly all of them live in 
poor nations. Many of the previous studies have 
addressed the treatment of heavy metal pollution. 
The different adsorbents and methods, such as DMP 
functionalized on  MWCNTs and dispersive ionic 
liquid-suspension-micro-solid phase extraction 
(DILSMSPE), nanographene oxide( NGO) 
modified phenyl methanethiol nanomagnetic 
composite(Ph-CH3SH), amine-functionalized 
bimodal mesoporous silica nanoparticles (NH2-
UVM7) by ultrasound-assisted ionic liquid trap-
micro solid phase extraction (USA-ILTMSPE), 
immobilization of 2-(aminomethyl) thiazole on 
MWCNTs, and functionalized bimodal mesoporous 
silica nanoparticles for efficient removal of lead in 
various matrices. [4-10]. 
This study aims to synthesize and characterize 
surface-modified magnetic chitosan nanocomposites 
and evaluate their efficiency in the removal of 
cadmium (Cd²⁺) and lead (Pb²⁺) ions from aqueous 
solutions using atomic absorption spectroscopy. 
The study also aims to optimize the adsorption 
conditions, assess the adsorption behavior 
through isotherm and kinetic models, and evaluate 
the thermodynamic parameters governing the 
adsorption processes. 

2. Materials and Methods 
2.1. Reagents and Materials
Chitosan with 80 mesh with a degree of 
deacetylation (75%–85%) from Merck (Germany), 
concentrated sulfuric acid (H2SO4, CAS No.:7664-
93-9), hydrochloric acid (HCl, CAS No.: 7647-
01-0, 36%), sodium hydroxide (NaOH, CAS 
No.: 1310-73-2), N,N′-dicyclohexylcarbodiimide 
(DCC, CAS No.: 538-75-0), (NH4)2Fe(SO4)2.6H2O 
and FeCl3 were purchased from BDH, 
Ethylenediaminetetraacetic acid(EDTA, CAS 
No.: 6381-92-6) (99.0%) was also obtained 
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from Sigma-Aldrich, 3,3`-diaminobenzidine 
from sigma Aldrich, and the other materials were 
purchased from various commercial companies. 
All other reagents used in this study were analytical 
grade, and distilled or double-distilled water was 
used in the preparation of all solutions. Fourier-
transform infrared spectroscopy (FTIR) of the 
prepared adsorbents was recorded by an FTIR-
8101M Shimadzu spectrometer (Japan) with a KBr 
pellet in the region (400–4000 cm–1) to investigate 
the chemical structures . The German (ALPHA II) 
device from the (BRUKER) company was also used 
to measure the prepared compounds. Adsorbent’s 
structure and morphology were identified using 
an FEI NOVA NanoSEM 450 (Netherlands) field 
emission scanning electron microscopy (FESEM) 
under vacuum at an operating voltage of 10 kV. 
Patterns of X-ray diffraction (XRD) of the materials 
were recorded by a Rigaku X-ray powder diffraction 
diffractometer (Japan) using Cu Kα radiation with a 
wavelength of 1.54 Å at a scanning speed of 2 min–1 
from 5°C to 80°C. Atomic Absorption Spectroscopy, 
Phoenix-986 (AA Spectrophotometer), Biotech 
Engineering Management Co., Ltd. Transmission 
Electron Microscopy (TEM) The specimen was 
measured using the AB912LEO. An FEI NOVA 
NanoSEM-450 is a Field Emission Scanning 
Electron Microscope (FESEM).

2.2. Preparation of chitosan@Fe3O4 composite 
(Ch@F)
The chitosan@Fe3O4 composite (Ch@F) was 
synthesized by the hydrothermal method [11]. In 
the first step, 0.5g chitosan was dissolved in dilute 
acidic distilled water (pH 5.5 by acetic acid).  
Chitosan solution was sonicated in 70 mL ethylene 
glycol. Subsequently, FeCl3 (0.325g, 2.0mmol), 
 (NH4)2Fe(SO4)2.6H2O (0.392g, 1.0mmol), 
ammonium hydroxide (15.0mL, 30%V/V), and 
sodium acetate (1.132g, 7.2 mmol) were mixed 
in the solution, which was then loaded into 100ml 
sealed Teflon container and placed in oven at 
2000C for six hours. Then, the mixture was cooled 
down to room temperature. After that, the mixture 
separates magnetically, then wash it with distilled 

water several times to get rid of the remaining 
ethylene glycol. The final solid material was dried 
to obtain Ch@F. The preparation was shown in 
Scheme 1.

2.3. Preparation of chitosan@EDTA@Fe3O4 
composite (Ch@EDTA@F)
The Ch@EDTA composite was prepared according 
to the literature with some modifications [12]. 3.0 
g of EDTA was dispersed in 50 mL of distilled 
water by ultrasonication for 3 hours. 2.0 g N,Nˊ-
dicyclohexylcarbodiimide (DCC) was added to 
the EDTA solution and stirred continuously for 
2 hours to activate the carboxyl groups of EDTA 
[13]. The pH was maintained at 7.0 by a 2% 
NaOH solution. Then, the activated EDTA solution 
with 0.5 g Chitosan (Ch) was dispersed in 50 mL 
distilled water and 50 mL of 10% acetic acid by 
ultrasonication for 20min. After that, the solution 
was stirred at 60°C for an additional 3 hours. The 
precipitate after filtration was washed with 10% 
NaOH solution and distilled water in turn until the 
pH was 7.0. The obtained product Ch@EDTA@F 
was dried in a vacuum oven. The preparation was 
shown in Scheme 1.

2.4. Preparation of chitosan@EDTA@3,3ˊ-
Diaminobenzidine@Fe3O4 (Ch@EDTA@
Am@F)
0.1g Ch@EDTA was sonicated for 3 hours in 50.0 
mL of distilled water and 50.0 mL of 10% acetic 
acid. To activate the carboxyl groups of Ch@EDTA, 
0.1g N,Nˊ-dicyclohexylcarbodiimide (DCC) 
was added and constantly agitated for 2 hours 
while maintaining the pH at 7.0 with 2% sodium 
hydroxide. After that, the activated Ch@EDTA 
was mixed with 1.0 g of 3,3’-diaminobenzidine 
(Am) for 20 minutes under ultrasonication. The 
combined solutions were then agitated for a further 
3 hours at 60°C. After filtering, the precipitate was 
rinsed with distilled water and then with a 10% 
NaOH solution until the pH reached 7.0. Finally, 
the Ch@EDTA@Am@F product was dried in 
a vacuum oven. The preparation was shown in 
Scheme 1.
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2.5. Preparation of cadmium and lead stock 
solutions
A standard solution of cadmium and lead 1000 
mgL-1 was prepared for the adsorption experiments, 
and the required concentrations were obtained by 
dilution with distilled water.

2.6. General Procedure
 Batch adsorption experiments [14-16] of cadmium 
and lead ions. were conducted in order to assess 
the adsorption characteristics and adsorption-
influencing variables, the removing efficiency of 

synthesized adsorbents were examined by shaking 
0.05g of each adsorbents with 50.0mL of ions 
solutions at initial concentrations, 50, 100, and 
200 mg L-1 of cadmium ion and 100, 250, 400 
mg L-1 of lead ion were an initial concentrations 
for Ch@F, Ch@EDTA@F, Ch@EDTA@Am@F 
adsorbents carried out on a thermostat shaker set 
to 27°C and 200 rpm for a predetermined amount 
of time. When the agitation time was complete, 
the adsorbents were separated magnetically from 
the solution, and the concentrations of remaining 
ions were determined with an atomic absorption 

Anal. Methods Environ. Chem. J. 8 (3) (2025) 5-30

Scheme 1. Synthetic routes for preparing Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F
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spectroscopy. The ion amounts on the adsorbents 
were evaluated using Equation 1.

                        (Eq.1)

Where C0 and Ce (mg L-1) are the initial and 
equilibrium concentrations of cadmium and lead 
ions in the solution, V (L) is the volume of metal 
ion solutions, m (in g) is the mass of the used 
adsorbents, and  (in mg of ions per g of adsorbent) 
is the amount of adsorbed metal ions per gram of 
adsorbents (adsorption capacity). The adsorption 
isotherm studies were applied at optimum 
conditions including an agitation time of 6, 3 and 
1 hour at pH 8.0 for cadmium ion and of 2, 1.5 and 
1 hour at pH 5.0 for lead ion onto  Ch@F, Ch@
EDTA@F, and Ch@EDTA@Am@F respectively, 
with varying initial concentrations of cadmium ion 
(ranging from 50.0-200.0 mg L-1) and (100-400 mg 
L-1) for lead ion at constant temperature (27◦C). To 
study adsorption kinetics and to calculate enthalpy 
(ΔH°), entropy (ΔS°), and free energy (ΔG°), 
the experiments were conducted at 27°C, 40°C, 
and 55°C, with 0.05 g of adsorbents. After the 
absorption of Cd and Pb with adsorbents in 50 mL 
of solution, it was back-extracted with nitric acid 
(5 mL, 0.5 M) and determined by flame atomic 
absorption spectrometry (F-AAS). LODs of 3.3 
μgL-1 for Pb and 0.58 μgL-1 for Cd were obtained. 
After preconcentration (PF=10), the linear ranges 
of cadmium are 2–300 μg L-1, and Pb is 10–1500 
μgL-1.

3. Results and Discussion
3.1. FTIR characterization
The FTIR spectra showed the characteristic bands 
of the Ch@F shown in Figure 1a. The band at 
3353 cm-1 corresponds to the O-H bond stretching 
vibration. The peak at 538 cm−1 represented the 
Fe–O groups. Figure 1b shows the characteristic 
bands of Ch@EDTA at 1674 cm-1 and 1593 cm-

1, assigned to C=O stretching vibrations. These 
results confirmed the presence of the amino group 
Ch with EDTA through an amide bond. Moreover, 
the strong characteristic appearing at 1427 cm-1 

can be assigned to the C-O vibration of the COO 
group, which suggests the existence of the carboxyl 
group of EDTA modified on chitosan. The broad 
band at 3217-3447 cm-1 corresponds to the O-H 
of carboxylic acid [17]. The appearance of the 
peaks at 1622, 1486, and 1083 cm−1 assigned to the 
symmetrical stretching vibration of C=O, C-N in 
amides, and stretching vibration of C-N in amines, 
respectively, as shown in Figure 1c, indicates a 
successful reaction between Ch@EDTA and Am 
(amine groups) [18]. The strong broad band at 
3329-3448 cm-1 (O-H stretching vibration in EDTA 
carboxylic functional groups) became sharper 
and is shifted to 3165-3359 cm-1 after the reaction 
with Am, due to the removal of O-H in carboxylic 
groups and the formation of amide groups [19].     It 
can be seen that Ch@EDTA@F and Ch@EDTA@
Am@F display the characteristic absorption of 
Fe-O stretching vibrations at 539cm-1 and 546cm-1. 
As shown in Figure 1d, 1e respectively.

3.2. High-Resolution Transmission Electron 
Microscopy (HRTEM)
High-resolution transmission electron microscopy 
(HRTEM) is the most common technique to 
analyze nanoparticle size and shape, since it 
provides not only direct images of the sample 
but also the most accurate estimation of the 
nanoparticle homogeneity. The main advantage of 
this approach is its fantastic capacity to penetrate 
the sample with an electron beam, allowing for 
a thorough examination of its internal structure. 
Figure 2 observes clear morphological changes 
of nanocomposites. Magnetite nanoparticles are 
widely distributed on the surface of the matrix. 
Furthermore, Fe3O4 NPs are well wrapped by the 
shell layer. The shell is adsorbed by electrostatic 
and hydrogen bonding to the surface of the 
magnetite. Transmission electron microscopy of 
the as-synthesized MNPs shows a median size 
of nm, indicating that they have a spherical or 
multidimensional shape (N =18.4), which was 
calculated by the ImageJ program. The selective 
area electron diffraction (SAED) also indicated 
the crystalline structure of Fe3O4 nanoparticles 
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depicted in Figure 2. The dark field revealed a 
single crystal structure of Fe3O4 nanoparticle. The 
image exhibits well-defined and distinct lattice 
fringes, which can be attributed to the Miller 
indices and corresponding interplanar spacings of 
the (1 1 1), (2 2 0), (3 1 1), (4 0 0), (5 1 1), and (4 
4 0) planes, indicate that the NPs are highly poly 
crystalline.

3.3. Energy Dispersive X-ray Spectroscopy
The presence of elements in the structures of 
compounds was investigated using X-ray energy 
dispersive spectroscopy (EDX) analysis. The 
elemental analysis of the nano composite by EDS 
revealed the presence of Fe, O, H, C, and N as 
the only components of the particles, as shown in 
Figure 3.

3.4. High-Resolution Scanning Electron 
Microscopy (HRSEM): 
The field emission scanning electron microscope 
(HRSEM) is an essential technique for examining 
the studied surfaces, as it provides details about 
the shape of the particles and the nature of the 
aggregation between them, as well as the nature 
of the surfaces in terms of whether they are 
porous or smooth, as well as determining the 
degree of homogeneity between the components 
and their distribution on the surface. SEM 
analysis has been used to validate the morphology 
of pure Fe3O4 nanoparticles and modified 
nanocomposites presented in Figures 4-6. The 
SEM images unequivocally demonstrate that the 
Fe3O4 nanoparticles possess a spherical shape 
and confirm the success of the coating process 
on the surface of Fe3O4 particles with a good 
distribution. The images also showed that there 
was agglomeration in the prepared compounds 
and that the surfaces of the compounds contain 
many pores or holes. Since these pores will 
increase the surface area of the compounds, it is 
expected that these holes will play an essential 
role in enhancing the adsorption process of 
heavy elements on the surface of the adsorbent 
materials. 

3.5. X-ray Diffraction Spectroscopy (XRD)
Technology for X-ray diffraction (XRD) is a crucial 
diagnostic tool for nanoparticles and nanocomposites. 
Additionally, X-ray diffraction (XRD) is a quick and 
non-destructive analytical technique that frequently 
yields precise results for identifying samples [20]. XRD 
analysis, as shown in Figure 7, verifies that the produced 
MNPs are predominantly composed of magnetite. The 
obtained patterns displayed a high level of agreement 
with the data from the reference database of magnetite 
(JCPDS card No. 19-0629) [17]. Notably, the as-
synthesized samples exhibit excellent crystallinity with 
well-defined magnetite peaks, showcasing the high 
quality of these particles. The peaks can be indexed at 
the values of 2θ = 30.2° (220); 35.4° (311); 43.4° (400); 
53.9° (422); 56.9° (511); and 62.6° (440), respectively, 
for the MNP-Fe3O4. The inclusion of chitosan also caused 
a broad peak in the Chm patterns at 2θ = 20.3°. The 
results suggest that the synthesized Fe3O4 the particles 
have homogeneous morphological properties and a high 
degree of crystallinity. These diffraction patterns are 
consistent with the calculated X-ray diffraction patterns 
reported in the literature [17]. The average crystallite 
size, D (nm), of the studied materials was calculated 
using the Debye–Scherrer Equation 2 [21].

                         (Eq.2)

Where D was the size of the crystal, λ was the 
wavelength for X-ray diffraction in (nm) for CuKα1, 
which is equivalent to 1.54060 Å translated to 0.154nm, 
and Ks is the constant, usually written as 0.9, which is 
related to the crystal structure’s shape. The Full Width 
Half Maximum (FWHM) of spherical crystals with 
cubic unit cells in radian angle units is represented by 
β. This can be derived from each graph after converting 
each compound’s X-ray diffraction spectroscopy to 
radian angle. As a result, the 2θ was divided by two 
and then multiplied by 0.01745329 to become θ. 
Furthermore, β was determined using the relationship 
[22] that follows: 1 Degree = 0.01745329 radians, 
θ in radian angle = (2θ/2x0.01745329), β = Value of 
FWHM x 0.01745329.

Anal. Methods Environ. Chem. J. 8 (3) (2025) 5-30
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Fig. 1a. FTIR spectra of Ch@F adsorbent

Fig. 1b. FTIR spectra of Ch@EDTA adsorbent

Fig. 1c. FTIR spectra of Ch@EDTA@Am adsorbent
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Fig. 1d. FTIR spectra of Ch@EDTA@F adsorbent

Fig. 1e. FTIR spectra of Ch@EDTA@Am@F adsorbent

Fig. 2. HRTEM images of Ch@EDTA@Am@F adsorbent
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Fig. 3. EDX of Ch@EDTA@Am@F adsorbent

 Fig. 4. HRSEM images of Ch@F adsorbent

Fig. 5. HRSEM images of Ch@EDTA@F adsorbent
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3.6. Optimization of cadmium and lead ions 
adsorption   
The batch systems were employed in adsorption 
experiments of cadmium and lead ions aqueous 
solutions, and the adsorption efficiencies were 
evaluated with respect to optimum pH, contact time, 
temperature, and the initial concentration (C0).

3.6.1.Effect of pH  
The effect of pH on the adsorption capacities  of 
all adsorbents, as shown in Figure 8 (a and b), was 
studied at different values ranging from 2.0 to 8.0 
for cadmium and from 2.0 to 5.0 for lead because 

they precipitated as metal hydroxide above these 
values. Figures 8a and 8b show that the adsorption 
capacities were increasing gradually with pH 
increasing, at a strong acidic media there were an 
abundance of H+ ions which compete cadmium 
and lead ions towards adsorbents surface resulting 
in decreasing the adsorption capacity, but when 
the pH increased the loading of cadmium and lead 
ions be more favorable, on the other hand a the 
elevation of pH values of the solution lead to a 
decrease in the solubility of ions, and ultimately 
leads to achieving maximum efficiency and 
adsorption capacity [23, 24].

Anal. Methods Environ. Chem. J. 8 (3) (2025) 5-30

Fig. 6. HRSEM images of Ch@EDTA@Am@F adsorbent

Fig. 7. XRD of Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F adsorbents
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3.6.2.Effects of Agitation Time and Temperature 
on the Adsorption
One of the most crucial factors in the adsorption process 
is the effect of the contact time between the adsorbent 
and the adsorbate, since determining the equilibrium 
contact time is critical in predicting the viability and 
performance of an adsorbent for a process [25]. The 
effect of contact time on the adsorption of cadmium 
ions onto Ch@F, Ch@EDTA@F, and Ch@EDTA@

Am.@F was studied at different temperatures, 27, 40, 
and 55 °C. The Figures 9 (A, B, C) and Figures10 (A, 
B,C) show the adsorption efficiencies of cadmium 
and lead ions had increased rapidly from low agitation 
time until reach an equilibrium at all temperatures,  
the results indicated that the equilibrium agitation 
times for cadmium were 6, 3 and 1 hours and for lead 
were 2, 1.5 and 1 hours for Ch@F, Ch@EDTA@F, 
and Ch@EDTA@Am@F, respectively.

Determination of Cd2+ and Pb2+ ions based on NMCC by F-AAS            Nada Qasim Jebur et al

Fig. 8a. Effect of pH for cadmium ion solution at 27 °C

Fig. 8 b. Effect of pH for lead ion solution at 27 °C
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3.7. Adsorption isotherms
The equilibrium relationship and interaction 
between the adsorbent and adsorbate at a certain 
temperature are shown by the adsorption isotherms. 
Finding the best-fitting isotherms to explain the 
adsorption process is essential [26]. The adsorption 
isotherms were examined in order to establish a 
basis for determining adsorption capacity, exposing 
adsorption behavior, and proposing potential 
adsorption mechanisms [27].  Several isotherm 
models could be used to describe the experimental 
data of adsorption models and were applied to the 
obtained equilibrium data. In this study, Langmuir 

[28,29], Freundlich [30], Temkin [31,32], and 
Dubinin–Radushkevich [33,34] models were used. 
According to the Langmuir model, a monolayer 
covering of adsorbate molecules forms on a uniform 
adsorbent surface without any interaction between 
the molecules. The most widely used isothermal 
adsorption model has shown strong agreement with a 
number of experimental data [28, 29]. The Langmuir 
model’s linearized form is provided in Equation 3.

         (Eq.3)

Anal. Methods Environ. Chem. J. 8 (3) (2025) 5-30

Fig. 9. E ffect of Agitation time for Cadmium ion onto (A) Ch@F, (B)
Ch@EDTA@F, (C) Ch@EDTA@Am.@F at 27 °C, 40 °C, and 55 °C.
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where qe is the amount adsorbed, Ce is the 
equilibrium concentration, qmax the maximum 
adsorption capacity reflected on a complete 
monolayer, and KL represents the Langmuir 
constant that is related to the apparent energy of 
adsorption. Equation 4 [35] defines the separation 
factor or equilibrium parameter (RL), which can 
be used to characterize the key features of the 
Langmuir isotherms:

                        (Eq.4)

where RL values indicate the type of adsorption 
to be irreversible (RL = 0), favorable (0 < RL< 1), 
linear (RL = 1), or unfavorable (RL > 1). This model 
is the most commonly used isothermal adsorption 
model and has demonstrated good agreement with 
various experimental data [28,29]. Figure 11 (A, 
B) shows the plots of the Langmuir adsorption 
isotherms of cadmium and lead adsorbed onto 
Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F, 
respectively. Table 1 displays qmax, KL, RL, and the 
correlation coefficient R2 results for the Langmuir 
isotherms. The calculated RL values were found 
to be equal (0.1638, 0.16553, and 0.70872) for 

Determination of Cd2+ and Pb2+ ions based on NMCC by F-AAS            Nada Qasim Jebur et al

Fig. 10. Effect of Agitation time for Lead ion onto (A): Ch@F, (B): 
Ch@EDTA@F, (C): Ch@EDTA@Am@F at 27 °C, 40 °C, and 55 °C
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cadmium and (0.62755, 0.62092, and 0.82847) for 
lead by Ch@F, Ch@EDTA@F, and Ch@EDTA@
Am@F, respectively. Under the imposed ideal 
condition, the computed results demonstrated that 
all adsorbents were advantageous for adsorbing 
metal ions from solutions. Freundlich adsorption 
isotherm is an empirical equation that is widely 
used for the adsorption equilibrium explanation 
[30], which is based on adsorption on the surface 
of a heterogeneous multilayer, and assumes that the 
adsorption takes place at sites with varying energy 
of adsorption [36]. The Freundlich isotherm is 
represented in Equation 5 [37].

                   (Eq.5)

Where KF and n, respectively, are Freundlich 
constants associated with adsorption intensity and 
capacity. The n-value is a measure of the degree 
of surface heterogeneity, which characterizes 
the distribution of the adsorbed molecules on the 
adsorbent surface, and the KF shows the adsorption 
capacity of the adsorbent toward the adsorbate. 
Figure 12 (A,B) represents the Freundlich adsorption 
isotherms plots of cadmium and lead ions onto 
Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F. 
Table 2 displays Freundlich isotherm constants KF, 
1/n, and the correlation coefficient R2, which were 
determined from the plot of ln qe against ln Ce, the 
slope of  and intercept KF. The adsorbent’s ability to 
adsorb the adsorbate is indicated by the Freundlich 
constant, or KF. A greater affinity for the adsorbate 
is indicated by a higher KF value [38]. Generally 
speaking, the adsorption capacity of the specified 
adsorbent rises in tandem with the KF values [39]. 
According to the results, KF indicated that all as-
synthesized adsorbents had a higher affinity for 
lead and cadmium ions. The 1/n is the adsorption 
intensity, and its magnitude is an indicator of the 
favorability of adsorption. In general, the value of 
1/n gives an idea about the type of isotherm, whether 
it is irreversible (1/n=0), favorable (0 < 1/n < 1), or 
unfavorable (1/n > 1) [40]. It can be noticed from 

Table 2 that all the values of 1/n are less than 1, 
demonstrating that it is favorable for chemisorption 
for all adsorption systems of cadmium and lead 
ions [41]. The nature of the adsorption, including 
its chemical or physical character, is examined via 
the Dubinin–Radushkevich (D-R) isotherm [42]. 
The linear form of the D-R isotherm model was 
given by Equation 6 [33,34].

                   (Eq.6)

Where qe, and qmax are the equilibrium adsorption 
capacity and the maximum adsorption capacity 
under optimized conditions in the D-R isotherm 
model, respectively; KD is a constant related to the 
mean adsorption energy (ED), and ɛ is the Polanyi 
potential, which is associated with the equilibrium 
concentration, which is given by Equation 7.

                          (Eq.7)

The mean free energy ED of adsorption per 
molecule of adsorbate (for removing a molecule 
from its location in the sorption space to infinity 
in the solution) can be calculated using Equation 8.

                                       (Eq.8)

Figure 13 (A, B) shows plots of the D-R adsorption 
isotherms of cadmium and lead ions onto Ch@F, 
Ch@EDTA@F, and Ch@EDTA@Am.@F. Table 3 
presents the values of D-R isotherm parameters qmax, 
KD, ED, and R2, which were determined from the 
linear plot of ln qe versus ε2; the slope and intercept 
of the plot give KD and qmax values, respectively. 
Moreover, the D-R model can reveal the adsorption 
type (physical or chemical adsorption) according to 
the mean free energy of adsorption (ED). Generally 
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speaking, when the ED is less than 8 kJ·mol-1, physical 
adsorption predominates, whereas when the ED is 
greater than 8.0 kJ mol-1, chemical adsorption takes 
the lead [43]. The ED values exceeded 8.0 kJ mol-1, 
indicating that chemical interactions dominate the 
adsorption of lead and cadmium ions onto the produced 
adsorbent. According to the Temkin isotherm, 
adsorption is defined by a uniform distribution of 
binding energies up to a specific maximum binding 
energy, and the heat of adsorption of all molecules in 
a layer decreases linearly with coverage as a result of 
adsorbent-adsorbate interactions [31, 32].  Equation 9 
of the Temkin isotherm can be expressed in a linear 
form [44].

                       (Eq.9)

Where BT, Temkin constant equal to RT/bT, T (in K0) 

is absolute temperature, R equal to 8.314 J mol-1 K-1 
is the universal gas constant, bT (in kJ.mol-1) is 
related to the heat of adsorption, and AT (in L.mg-
1) is the equilibrium constant corresponding to the 
maximum binding energy. A plots of qe versus lnCe 
for the Temkin model are shown in Figure 14 (A, B) 
for the adsorption of cadmium and lead ions onto 
as-prepared adsorbents. Also, Temkin isotherm 
parameters for the adsorption of cadmium and lead 
ions onto adsorbents showed in Table 4. Table 1 
shows that the Langmuir isotherm model was more 
fitted than the Freundlich, Dubinin–Radushkevich, 
and Temkin models for removing cadmium and lead 
by all adsorbents, where the intricacy of adsorption 
processes was inspired. However, it might be said 
that there was a propensity for chemical adsorption 
to occur between metal ions and the functional 
groups of adsorbents. 
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Fig. 11. Langmuir isotherm model for (A): Cadmium (B): Lead ion solution at 27oC

Fig. 12. Fre undlich isotherm model for (A): Cadmium (B): Lead ion solution pH at 27 °C
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Fig. 13. D-R isotherm model for (A): Cadmium (B): Lead ion solution at 27oC

Fig.14. Temkin isotherm model for (A): Cadmium (B): Lead ion solution pH at 27oC

Table 1. Langmuir isotherm parameters for the adsorption of cadmium and lead ions onto adsorbents

Adsorbent
Cadmium Lead

qmax KL RL R2 qmax KL RL R2

Ch@F 54.64 0.10212  0.1638 0.9952 222.2 0.0119  0.6276 0.9952
 Ch@EDTA@F 81.97 0.10083 0.1655 0.9998 344.8 0.0122  0.6209 0.9993

Ch@EDTA@Am@F 344.8 0.0082  0.7087 0.9939 714.3 0.0041  0.8285 0.9984
       qmax (mg g-1), k (Lmg-1)

Table 2. Freundlich isotherm parameters for the adsorption of cadmium and lead ions onto adsorbents

Adsorbent
Cadmium Lead

KF 1/n R2 KF 1/n R2 RL R2

Ch@F 22.735 0.1724 0.9889 9.9822 0.5374 0.9881  0.6276 0.9952
 Ch@EDTA@F 44.053 0.1124 0.9834 30.72 0.3924 0.9843  0.6209 0.9993

Ch@EDTA@Am@F 14.092 0.5201 0.9804 16.366 0.5608 0.9983  0.8285 0.9984
       KF (L mg-1)
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3.8. Adsorption kinetics
Two kinetic models were tested to interpret the 
mechanism of adsorption of cadmium and lead ions 
onto Ch@F, Ch@EDTA@F, and Ch@EDTA@
Am@F. The first model was pseudo-first-order; the 
mathematical expression of this model is given by 
Equation 10.

                     (Eq.10)

Where qt and q1 (in mg g-1) are the amounts of dye 
adsorbed at time t, and equilibrium, respectively, 
and k1 (in min–1) is the pseudo-first-order rate 
constant for adsorption. Figures 15 and 16 (A, 
B, C) represent the pseudo-first-order kinetics of 
cadmium and lead ions onto prepared adsorbents, 
respectively, by plotting ln(qe-qt) on the Y-axis 
against t; the slope and intercept of the plot give 
K1 and q1. Table 5 displays the values of calculated 
adsorption rate constants k1, maximum adsorption 

capacity q1, and correlation coefficient R2.  A 
second kinetic model is the Pseudo-second order, 
which can be expressed in linear form as Equation 
11 [45,46].

                       (Eq.11)

Where q2 is the maximum adsorption capacity for 
the pseudo-second-order and k2 is the equilibrium 
rate constant for pseudo-second-order adsorption. 
Figures 17 and 18 (A, B, C) represent the pseudo-
second-order kinetics of cadmium and lead ions 
onto the prepared adsorbents, respectively. By 
plotting t/qt on the Y-axis against t, the slope and 
intercept of the plot provide k2 and q2. Table 6 
displays the values of calculated adsorption rate 
constants k2, maximum adsorption capacity q2, and 
correlation coefficient R2.

Table 3. D-R isotherm parameters for the adsorption of cadmium and lead ions onto adsorbents

Adsorbent
Cadmium Lead

qmax KD ED R2 qmax KD ED R2

Ch@F 48.667 0.0001 70.71 0.9289 136.715 0.00016 55.9 0.9289

Ch@EDTA@F 76.562 3.5E-05 119.5 0.9109 254.838 4.5E-05 105.4 0.9818

Ch@EDTA@Am.@F 222.183 0.000499 31.65 0.9844 406.019 0.001452 18.56 0.9828

  qmax (mg g-1), KD (mol2 KJ-2), ED (KJ mol-1)

Table 4. Temkin isotherm parameters for the adsorption of cadmium and lead ions onto adsorbents

Adsorbents
Cadmium Lead

bT AT R2 bT AT R2

Ch@F 337.688 8.7597 0.9761 47.685 9.6901 0.9935

Ch@EDTA@F 310.146 99.484 0.9889 30.991 9.6545 0.9946

Ch@EDTA@Am.@F 28.834 0.0613 0.9951 14.220 0.0315 0.9972

bT (J mol-1) , AT (L mg-1)
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Fig . 15. Pseudo-First-Order for Cadmium ion onto (A): Ch@F (B): Ch@EDTA@F
(C) Ch@EDTA@Am@F at 27oC, 40oC and 55oC

Fig. 16. Pseudo-First-Order for Lead ion onto (A): Ch@F (B): Ch@EDTA@F 
C) Ch@EDTA@Am@F at 27 °C, 40 °C, and 55 °C.
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Fig. 17.  Pseudo-Second-Order for Cadmium ion onto (A): Ch@F (B): Ch@EDTA@F
(C) Ch@EDTA@Am.@F at 27oC, 40oC and 55oC.

Fig.18.Pseudo-Second-Order for Lead ion onto (A): Ch@F (B): Ch@EDTA@F 
C) Ch@EDTA@Am.@F at 27oC, 40oC and 55oC.
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3.9. Adsorption thermodynamics 
Thermodynamic parameters can be determined 
from the thermodynamic equilibrium constant, KL 
(or the thermodynamic distribution coefficient) 
[47], whereas KL is calculated in Equation 12.

                             (Eq. 12)

Where Ca and Ce are the equilibrium concentrations 
of metal ions (in mg g-1) and in the solution (mg 
L-1), respectively. The standard enthalpy changes 
ΔH° (in kJ mol-1) and standard entropy change) ΔS° 
(in J mol–1K–1) were calculated using the following 
Equation 13 [48].

                           (Eq. 13)

Where R is the universal gas constant (8.314 J mol–1K–1), 
and T is the absolute temperature, plotting (lnKL) 
vs. (1/T) allows for the calculation of ΔH° from the 
slope and ΔS° from the intercept (Figures 19 A and 
19B). The standard Gibbs free energy ΔG° (in kJ 
mol-1) could be calculated at different temperatures 
from the following Equation 14 [49].

               (Eq. 14)

Activation energy Ea (kJ mol-1), which is defined 
as the minimum amount of energy required for the 
adsorption process to proceed [50], was calculated 
from the Arrhenius Equation 15 [51].

Table 5. Pseudo-first-order parameters for the absorption of Cd and Pb in different temperatures

Adsorbents
                        Cadmium Lead

T(°C) k1 q1 R2 k1 q1 R2

Ch@F

27 0.5222 33.412 0.9895 0.0164 72.879 0.9882
40 0.5746 34.852 0.9749 0.0252 95.393 0.9629
55 0.6233 49.779 0.9557 0.0328 122.977 0.9399

Ch@EDTA@F

27 0.9699 46.567 0.998 0.0526 208.138 0.972
40 0.7852 53.218 0.9903 0.0469 214.284 0.9854
55 0.8205 64.277 0.9728 0.0556 263.433 0.9624

Ch@EDTA@Am.@F

27 0.0166 116.57 0.9661 0.0581 213.898 0.9914
40 0.0282 123.35 0.9765 0.073 227.739 0.9906
55 0.0463 131.15 0.9826 0.0885 274.486 0.9880

k1 (min-1), q (mg g-1)

Table 6. Pseudo-second-order parameters for the absorption of Cd and Pb at different temperatures

Adsorbents
                        Cadmium Lead

T (°C) k2 q2 R2 k2 q2 R2

Ch@F
27 0.01217 46.083 0.9911 2.6E-05 188.679 0.9985
40 0.01186 51.020 0.9887 2.4E-05 204.082 0.998
55 0.01095 58.480 0.9725 2.2E-05 227.273 0.9988

Ch@EDTA@F

27 0.02569 73.529 0.9998 1.0E-04 263.158 0.9997
40 0.02087 83.333 0.9972 8.4E-05 294.118 0.9986
55 0.01478 99.010 0.9964 6.2E-05 344.828 0.9986

Ch@EDTA@
Am.@F

27 0.00053 98.039 0.9988 4.1E-04 285.714 0.9994
40 0.00046 135.135 0.9948 4.5E-04 322.581 0.9995
55 0.0004 172.414 0.9997 0.000377 357.143 0.9993
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                       (Eq. 15)

Where K (g mg–1 min–1) is the rate constant of the 
pseudo-second order adsorption systems, A is the 
Arrhenius factor, when (lnK) is plotted against 
(1/T), a slope equal to -Ea/R as shown in Figures 
20 A and 20 B. The values of ΔH°, ΔS°, ΔG°, and 
Ea for the adsorption of metal ions onto adsorbents 
Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F 
are given in Table 7. 
The calculated thermodynamic parameters show 
positive values of enthalpy (ΔH°) for all adsorbents, 
indicating the adsorption processes were 
endothermic. Also, the positive value of entropy 
(ΔS°) suggests an increase in the randomness at the 

(adsorbents/solution) interface and affinity of the 
mentioned adsorbents towards metal ions [52]. The 
obtained values of Gibbs free energy changes, ΔG°, 
at different temperatures were negative values for 
all adsorption systems, indicating the behavior of 
adsorption processes is spontaneous and feasible 
[53]. Low activation energy Ea values (<40 
kJ.mol-1) are characteristics of the physisorption 
mechanism. Whereas higher activation energies > 
40 KJ mol-1 suggest chemisorption [54]. Therefore, 
these results indicate that the adsorption processes 
of metal ions onto Ch@F, Ch@EDTA@F, and 
Ch@EDTA@Am@F were physical. Also, some 
adsorbents, such as TSIL immobilized on multiwall 
carbon nanotubes, were used for the adsorption 
processes of metals [55].

Fi g. 19. Thermodynamic parameter determination for (A): Cadmium (B): Lead ion solution at 27oC

Fig. 20. Plot of lnK vs. 1/K of Arrhenius equation for (A): Cadmium (B): Lead ion solution at 27 °C
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4. Conclusions
In this study, three magnetic nanocomposites 
Ch@F, Ch@EDTA@F, and Ch@EDTA@Am@F 
were examined to assess their ability to remove 
Cd2+ and Pb2+. The maximum adsorption of metal 
ions onto the prepared adsorbents occurred at 27 
°C and pH 8.0 for cadmium and 5.0 for lead. The 
adsorption capacity for metal ions increased with 
higher initial concentrations. The kinetic modeling 
of Cd2+ and Pb2+ adsorption onto the prepared 
adsorbents closely followed the pseudo-second-
order rate model, with correlation coefficients 
above 0.99. Adsorption behavior is described by 
monolayer Langmuir-type isotherms for Ch@F, 
Ch@EDTA@F, and Ch@EDTA@Am@F.  The 
calculated thermodynamic parameters show 
positive values of enthalpy (ΔH°) for all adsorbents, 
indicating the adsorption processes were 
endothermic. Also, the positive value of entropy 
(ΔS°) suggests an increase in the randomness at 
the (adsorbents/solution) interface and affinity 
of the mentioned adsorbents towards metal ions. 
The negative values ΔG° at different temperatures 
indicate that the behavior of adsorption processes 
is spontaneous and feasible. Low activation energy 
Ea values are characteristics of the physisorption 
mechanism and diffusion-controlled process. Pb 
and Cd ions were determined in solutions by flame 
atomic absorption spectrometry (F-AAS), with 
LODs of 3.3 μg L-1 and 0.58 μg L-1, respectively. 
Additionally, the linear ranges of cadmium and 

lead were obtained at 2–300 μg L-1 and 10–1500 μg 
L-1, respectively.
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