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This study discusses the capability of the prepared modified mesoporous zeolite-

A /reduced graphene oxide nanocomposite (MZ-A/RGO) in removal of cadmium 

(Cd2+) ions from wastewater, in which 3-aminopropyl- trimethoxysilane 

(APTMS) was used as a mesopore generating and cross linkage agent in this 

preparation. X-ray diffraction, attenuated total reflectance- Fourier transform 

infrared spectroscopy (ATR-FTIR) and field emission scanning electron 

microscope were used to confirm the successful preparation of MZ-A/RGO 

nanocomposite. The results indicated that the modified mesoporous zeolite-A 

(MZ-A) was attached to the surface of the reduced graphene oxide (RGO) 

nanosheets without any aggregation. The adsorption treatment experiments were 

conducted for Cd2+ ions removal and the adsorption capacities of MZ-A/RGO 

were determined under different adsorption parameters including, the contact 

time, initial adsorbate concentrations and temperature. The adsorption results 

revealed that 15 minutes was quiet enough to ensure the equilibrium state with 

maximum adsorption capacity 222.23 mg/g and the experimental data was fitted 

well with the pseudo-second-order kinetic model. The isotherm studies refer to 

the Langmuir model exhibits best fitting for the obtained experimental data and 

the thermodynamic results confirm that the endothermic nature of the adsorption 

of Cd2+ ions on MZ-A/RGO nanocomposite. 
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Introduction  

Cadmium is one of the harmful heavy metals that are not 

essential for human bodies that have negative impacts to 

the human health and environment. In addition, its 

bioaccumulation and non-biodegradability nature in 

aqueous environments, continuous and long-term 

exposure of human to cadmium contaminates existing in 

food products and drinking water could be led to severe 

damage for kidney, liver, pancreas, lung function, or 

produce cardiovascular diseases and erythrocyte 

destruction, nausea, diarrhea, hypertension, muscular 

cramps, skeletal deformities and chronic pulmonary 

problems [1-3]. 

WHO organization and the US Environmental Protection 

Agency (USAEPA) stated that the maximum 

concentration level of cadmium contaminant in drinking 

 water is 0.003 and 0.005 mg/L, respectively [4]. To meet 

these water quality criteria different wastewater 

treatment techniques was applied such as chemical 

precipitation, flocculation, coagulation, membrane 

filtration, ion exchange, reverse osmosis and adsorption. 

Adsorption is most common and convenient technique in 

wastewater treatment due to its high removal efficiency, 

cost-effectiveness, ease of operation, adsorbent recycling 

and the feasibility of applying it on a large scale [5-8]. 

Graphene nanosheet is widely used as a nanoadsorbent 

in treatment of different types of contaminants, such as 

organic and inorganic contaminants [9, 10]. Nevertheless, 

the efficiency of graphene is limited due to the tendency 
of the graphene to aggregate that lead to lowering of its 

surface area and decreasing its adsorption capacity. In 

addition, it is difficult to separate graphene from aqueous 

solution after adsorption process take place. * Corresponding author. 
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This limitation could be overcome by applying surface 

modification of graphene such as attaching another 

nanoadsorbent on the surface of graphene nanosheets 

which enhance the adsorption capacity of the graphene 

based nanocomposite [11, 12]. 

Zeolites are aluminosilicate minerals with a surface 

structure containing a great number of electrostatic holes 

that are occupied by cations and water molecules. The 

uptake in zeolites occurs through the movement of the 

cations and water molecules allowing the ion exchange 

mechanism and reversible dehydration process. 

Numerous types of zeolite have been known and 

effectively used in the uptake of heavy metals from 

wastewater [13]. one of these types is zeolite-A or NaA 

zeolites that is widely used in water treatment with pore 

diameter of 4–5 Å. Sodium cations are located in the 

alpha cage of zeolite-A structure which are responsible 

for ion exchange. Exchange of Si by Al produce charge 

imbalance to zeolite and decreasing in Si/Al molar ratio 

that causes increasing the negativity in zeolite structure 

and increasing the cation exchange capacity which make 

it effective in removal of the heavy metal ions [14]. In 

order to further increase the adsorption capacity of MZ-

A, attaching of zeolite-A on RGO could enhance the 

adsorption capacity of MZ-A/RGO nanocomposite for 

heavy metals [15]. 

Therefore, the objective of this study is to maximize the 

removal efficiency for Cd2+ ions based on preparation of 

MZ-A/RGO nanocomposite, in which APTMS was used 

as a mesopore generating and cross linkage agent in this 

preparation using hydrothermal synthesis method. The 

physicochemical properties of the prepared 

nanocomposites were confirmed by a set of 

characterization techniques. The adsorption kinetic, 

isotherm and thermodynamic studies of the MZ-A/RGO 

nanocomposite for Cd2+ ions were investigated. 

Material and methods 

Subjects  

High purity chemicals were purchased from Sigma-

Aldrich and otherwise was stated, all chemicals were 

used without additional purification, graphite powder 

with average particle size < 20 μm, sulfuric acid (97 wt. 

%), hydrochloric acid (37 wt. %, ACS reagent), sodium 

nitrate (99.5 wt. %), potassium permanganate (99.0 wt. 

%), sodium hydroxide pellets (≥ 97.0 wt. %, ACS 

reagent), hydrogen peroxide (32 wt. %, Alfa Aesar), 

sodium silicate solution, sodium aluminate anhydrous, 

ethanol (HPLC grade, Fisher), propanol (> 99.5 wt. %, 

Alfa Aesar), 3-aminopropyl trimethoxysilane solution 

(APTMS, 97.0 wt.%) and cadmium chloride dihydrate 

(99.0  wt. %). 

Adsorbents preparation 

Preparation of zeolite-A 

In this study sodium aluminate and sodium silicate 

reagents were used as Al and Si sources in the 

preparation of zeolite-A [16]. The molar ratios of the 

starting materials were 1 Al2O3: 3.4 SiO2: 0.8 NaOH: 
370 H2O: 19.6 C2H5OH: 6 C3H7OH, the raw materials 

were vigorously mixed using magnetic stirrer at room 

temperature, then, the reaction mixture was treated 

 hydrothermally in 100 mL teflon-lined stainless-steel 

autoclaves and heated in oven for 24 h at 110 °C. The resulted 

product was filtered and washed several times using DI water 

until the solution pH less than 9.0. Thereafter, the white 

precipitate was dried in oven at 100 °C. 

Preparation of the modified mesoporous zeolite-A/ reduced 

graphene oxide (MZ-A/RGO) nanocomposite 

The preparation of MZ-A/RGO was performed into two 

steps, as a follow: First step, including the preparation of GO 

which occurs according to our previous study [17] using 

modified Hummers method. Second step, MZ-AG is 

prepared according to [18] with modification. In which 0.5 g of 

zeolite-A powder was add to 100 mL of ethanol solution. The 

mixture was sonicated and stirred for 1 h at room temperature, 

followed by addition of 2 mL of APTMS solution to the 

mixture with continuous stirring at room temperature for 30 

min. Subsequently, the preparation of MZ-A/RGO is 

performed by addition of 0.5 g of the prepared GO into the 

above mixture at room temperature with stirring for 2 h. then, 

the total mixture was transferred to Teflon-lined stainless-steel 

autoclave for 24 h at 170 °C for hydrothermal treatment. 

Thereafter, the precipitate was collected by centrifugation at 

room temperature for 10 min and washed several times with 

ethanol, followed by drying in an oven at 70 °C. 

Materials characterization 

The physicochemical characterization of the prepared 

nanomaterials and nanocomposite were performed using 

powder X-ray diffractometer (XRD, X’Pert PRO 

PANalytical, Netherlands) equipped with a CuKα radiation 

source (λ=1.5404 Å) to determine the crystal structure of the 

materials, Fourier transform infrared spectroscopy equipped 

with the attenuated total reflectance-ATR diamond crystal 

unit (ATR-FTIR, VERTEX 70 RAM II-ATR, BRUKER, 

Germany) used to identify the functional groups of the 

prepared materials,  Field emission scanning electron 

microscope (FESEM, Quattro S, Thermo Scientific, USA) 

was used for the purpose of imaging, studying the surface 

morphology and size of the prepared nanomaterials. 

Batch adsorption experiments 

Batch adsorption studies including different parameters such 

as, contact time, initial adsorbate concentrations and 

temperature were changed to examine the adsorption capacity 

and removal efficiency of MZ-A/RGO and MZ-A for Cd2+ 

ions. Furthermore, the adsorption kinetics, isotherms and 

thermodynamic were studied, in which certain volume (100 

mL) containing known concentration of Cd2+ ions aqueous 

solution (10 – 500 mg/L) was shaken on a bench top shaker 

(Heidolph Unimax 1010, Germany) at 300 rpm after addition 

of a known weight of sorbents (0.05 g) at specific time 

intervals from 0 – 120 min, small portion from the aqueous 

solution was withdrawn and instantly filtered using 0.22 μm 

syringe filters. The remaining Cd2+ ions concentration after 

completing the adsorption process was determined by 

inductively coupled plasma optical emission spectrometry 

(ICP–OES; Avio 500, PerkinElmer, USA). The equilibrium 

adsorption capacity (qe, mg/g) and removal efficiency (%) of 

MZ-A/RGO and MZ-A for Cd2+ ions adsorption was 
calculated by the following equations, respectively [19]. 
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𝒒𝐞 = (
𝑪𝐨−𝑪𝐭

𝑴
) 𝑽          (1) 

𝐑% = (
𝐂𝐨−𝐂𝐭

𝐂𝐨
) ∗ 𝟏𝟎𝟎               (2) 

Where Co and Ct are the concentration of Cd2+ ions 

(mg/L) in aqueous solution before and after adsorption 

process, respectively. V (L) is the solution volume, M 

(g) is the weight of the adsorbent added and qe (mg/g) 

is the sorption capacity of the adsorbent, which is terms 

to the equilibrium amount of Cd2+ ions (adsorbate) 

adsorbed per gram of sorbent. 

Adsorption kinetics study 

The contact time is an important factor which explains 

the kinetics of the adsorption process and control the 

capability of an adsorbent for practical usage and its 

influences on the economic efficiency of the adsorption 

process [20]. In order to investigate the kinetics of 

adsorption process, pseudo-first order, pseudo-second 

order and Elovich kinetic models were applied [21]. The 

pseudo-first-order model is assumed that the adsorption 

rate is controlled by chemical adsorption, which 

includes the electron transfer and sharing between 

adsorbent and adsorbate. The pseudo-first-order is 

generally described by the following equation [22]. 

𝐥𝐧( 𝒒𝐞 − 𝒒𝒕) =  𝐥𝐧 𝒒𝐞 − 𝑲𝟏𝒕      (3) 

Where qt and qe are the adsorption capacities (mg/g) at 

specific time t (min) and at equilibrium, 

respectively; K1 (min−1) is the pseudo-first-order rate 

constant. The values of K1 and ln qe can be obtained 

from the slope and intercept of linear plotting of 

ln (qe−qt) vs. t, respectively. 

The pseudo-second-order model supposes that the 

interaction between the adsorbate and adsorbent occurs 

through their valence forces. The pseudo-second-order 

is expressed by the following equation [23]. 
𝒕

𝒒𝒕
=  

𝟏

𝑲𝟐𝒒𝐞
𝟐

+ (
𝟏

𝒒𝐞
) 𝒕                          (𝟒) 

Where K2 (g/mg·min) is the second-order adsorption 

rate constant. The values of qe and K2 can be obtained 

from the slope and intercept of the linear plot of t/qt vs. 

t, respectively. Furthermore, the term h (mg/g.min) 

represented the initial sorption rate: 

𝒉 =  𝑲𝟐𝒒𝐞
𝟐                  (5) 

Elovich kinetic model adequate for adsorption in 

heterogeneous surfaces influenced by diffusion factor 

and reaction rate together. Elovich kinetic model is 

given by the following equation [24]. 

𝒒𝐞 =  (
𝟏

𝛃
) 𝐥𝐧(𝛂𝛃) + (

𝟏

𝛃
) 𝐥𝐧 𝒕          (6) 

Where α is the initial adsorption rate (mg/g·min) and β 

is the desorption constant related to the extent of 

surface coverage and activation energy for 

chemisorption (g/mg). The Elovich constants (α, β) can 

be obtained from the plotting qt vs. ln t, which yields a 

straight line with a slope and intercept equal to (1/β) 

and (1/β)ln(αβ), respectively [22]. 

Adsorption isotherms study 

Adsorption isotherm mechanisms illustrates the 

interaction behavior between adsorbent and adsorbate  

 and adsorbate contaminants [25]. To determine the 

adsorption isotherms mechanism, Langmuir, 

Freundlich, Temkin, and Dubinin–Radushkevich (D–R) 

models were employed [21, 26]. Langmuir isotherm is an 

empirical model supposing that monolayer adsorption 

take place on the surface of adsorbent in which 

adsorption process occurs at identical and equivalent 

fixed sites and finite number of adsorption sites on the 

adsorbent surface is available and only one adsrobate 

particle can be adsorbed at each adsorption site and 

there is no steric hindrance and interaction between the 

adsorbed molecules even on adjacent sites [27]. 

Furthermore, homogenous adsorption takes place in 

which each molecule possesses its sorption activation 

energy and constant enthalpies independently. In 

addition, all sites have equal affinity towards the 

adsorbate molecules, and no adsorbate migration occurs 

in the surface plane. The linear mathematical equation 

of the Langmuir isotherm model represented as [28]. 
𝑪𝐞

𝒒𝐞
=  

𝟏

𝒃𝒒𝐦𝐚𝐱
+ (

𝟏

𝒒𝐦𝐚𝐱
) 𝑪𝐞  (7) 

Furthermore, separation factor (RL) is a dimensionless 

constant which is defined as: 

𝑹𝑳 =
𝟏

𝟏 + 𝒃 𝑪𝒐
                                    (𝟖) 

Where, Co˳ is the initial adsorbate concentration (mg/L) 

and b is Langmuir constant which is related to the 

adsorption capacity in (mg/g). Depending on the values 

of the separation factor (RL), the nature of the adsorption 

process is determined. In which the adsorption is linear 

if RL = 1, irreversible if RL = 0, unfavorable if RL>1, or 

favorable if 0 < RL<1 [29]. 

Freundlich adsorption isotherm model describe the 

adsorption process on a heterogeneous surface and it is 

applied for the reversible and non-homogenous 

adsorption process. Freundlich model is not limited to 

the monolayer adsorption, it is valid also to describe the 

multilayer adsorption process. In this isotherm model, 

adsorption affinities and heat does not necessity to be 

equally distributed on the heterogeneous surfaces. 

Freundlich isotherm model is applicable to define the 

heterogeneity of the surface and the exponential 

distribution of the active site's energies. Freundlich 

model is described by the following equation [25]. 

𝐥𝐧 𝒒𝐞 = 𝐥𝐧 𝒌𝐟 + (
𝟏

𝒏
) 𝐥𝐧 𝑪𝐞  (8) 

where Ce and qe are the adsorbate concentration (mg/L) 

and adsorption capacity (mg/g) at equilibrium, 

respectively and kf and n are the Freundlich isotherm 

constants, which are temperature dependent [30]. The 

values of n and kf can be obtained from the slope and 

intercept, respectively, of a plot of ln qe against ln Ce. 

the 1/n is the intensity of the adsorption or surface 

heterogeneity indicating the energy relative distribution 

and the heterogeneity of the adsorbate sites. The 

adsorption process is unfavorable when 1/n ˃1, 

favorable when 0 < 1/n <1 and it is irreversible when 

1/n = 1 [25]. 
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Temkin is an empirical isotherm model takes into 

account the interaction between the adsorbent and the 

adsorbate in which it disregards the extremely low and 

large concentration values. This model supposes that 

heat of adsorption (ΔHads) as a function of temperature 

decrease linearly rather than logarithmically for all 

molecules existing on the surface layer because the 

surface coverage increases. This adsorption isotherm 

model is only applied for an intermediate concentration 

range. Otherwise, this model is not suitable to describe 

complex adsorption systems including aqueous-phase 

adsorption isotherms. The linear form of the Temkin 

model is described by the following equation [25, 31]. 

𝒒𝐞 = 𝑩 𝐥𝐧 𝑨𝑻 + 𝑩 𝐥𝐧 𝑪𝐞  (9) 

where Ce and qe are the adsorbate concentration (mg/L) 

and sorption capacity (mg/g) at equilibrium, 

respectively. B is equal to (RT/bT), bT is the Temkin 

constant related to the heat of adsorption (ΔHads) in 

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

T is the absolute temperature (298 K), and AT is the 

Temkin isotherm equilibrium binding constant (L/g) 

corresponding to the maximum binding energy. The 

values of bT and AT can be obtained from the slope and 

intercept by plotting qe vs. ln(Ce), respectively [32]. 

Dubinin-Radushkevich (D-R) adsorption isotherm 

model is used to describe the adsorption mechanism 

onto the heterogeneous surfaces using the Gaussian 

energy distribution and it is temperature dependent. D-R 

model is a semiempirical equation in which the 

adsorption pursues the mechanism of pore filling. It is 

used to describe a multilayer adsorption and it is suitable 

for the physical adsorption processes with Van der 

Waal’s interaction forces. This isotherm model 

ordinarily is to differentiate between the physical and 
chemical adsorption mechanisms depending on the 

mean free energy. D-R model has the following linear 

form equations [25, 31]. 

𝐥𝐧 𝒒𝐞 =  𝐥𝐧(𝒒𝐭𝐡) − (𝑲𝐃𝐑Ɛ𝟐)                     (𝟏𝟎) 

Where qe and qth are the sorption capacities at 

equilibrium and theoretical isotherm saturation capacity 

(mg/g), respectively; KDR (mol2·K/J2) is the D–R 

isotherm constant related to adsorption energy and 𝜀 is 

the Polanyi energy. The constants KDR and qth can be 

obtained from the slope and intercept, respectively of the 

plotting ln qe vs. ε2  

The Polanyi energy ε can be calculated using 

Equation 11: 

Ɛ = 𝑹𝑻 𝐥𝐧 (𝟏 + 
𝟏

𝑪𝐞
)                                 (𝟏𝟏) 

Where Ce is the adsorbate concentration at equilibrium 

(mg/L), R is the universal gas constant (8.314 J/mol·K), 

and T is the absolute temperature (K). 

Adsorption thermodynamics study 

The sorption process is temperature dependent, so 

adsorption experiments were performed at various 
temperatures. MZ-A/RGO (0.05 g) was added to a 

solution of Cd+2 ions (200 mg/L, 100 mL) at four 

different temperatures (298, 313, 333, and 353 K). 

 The thermodynamic parameters, such as the Gibbs free 

energy change (ΔGo), can be calculated using Equation 12: 

∆𝑮𝐨 = −𝑹𝑻 𝐥𝐧 𝑲𝐝   (12) 

Where Kd is the thermodynamic Langmuir constant for the 

adsorption process [L/mg], calculated using Equation 13: 

𝑲𝐝 =  
𝒒𝐞

𝑪𝐞
                                                         (𝟏𝟑) 

The entropy (ΔS°) and enthalpy (ΔH°) parameters were 

determined from the intercepts and slope of the linear plotting 

between ln Kd vs. 1/T according to Equation 14: 

𝐥𝐧 𝑲𝐝 =  
𝚫𝑺𝐨

𝑹
−

𝚫𝑯𝐨

𝑹𝑻
                                   (𝟏𝟒) 

Results and discussion 

Characterization of the prepared nanosorbents 

XRD patterns for the GO, zeolite-A and MZ-A/RGO 

nanocomposite are shown in Fig. 1. The XRD of GO 

exhibited significant peak at 2θ=11.0° suggesting the 

successful oxidation and transformation of graphite to GO 

using modified Hummers method. XRD pattern of zeolite-A 

exhibited characteristic diffraction peaks of zeolite-A at 

2θ=7.16°, 10.16°, 12.44°, 21.65°, 24.01°, 26.28°, 27.12°, 

29.92°, and 34.18° that congruent with zeolite-A (Na) JCPDS 

reference card (01-073-2340) of the cubic structure with the 

chemical formula Na12Al12Si12O48·27H2O, indicating the 

successful preparation of pure phase of zeolite-A [15]. on the 

other hand the XRD pattern of MZ-A/RGO nanocomposite is 

very close to the pattern of zeolite-A without any considerable 

shift in peak positions of zeolite-A, indicating that APTMS 

has no influence on the internal chemical structure of zeolite-

A [33]. in addition to, the very broad and weak peak around 

2θ=24.0° is attributed the successful reduction of GO to RGO 

and the spacing between planes is decreased from 0.80 nm of 

the (001) reflection plane in case of GO to 0.37 nm of the 

(002) reflection plane in case of RGO, suggesting the 

reduction of the oxygen related functional groups of GO in 

the presence of amino groups of the used APTMS through the 

hydrothermal treatment and formation of RGO [15]. The 

presence of RGO in the nanocomposite does not affect the 

crystallinity of zeolite-A, but only affect the intensity of the 

MZ-A/RGO nanocomposite peaks indicating the successful 

overlapping between the zeolite-A and RGO and fabrication 

of MZ-A/RGO nanocomposite in presence of APTMS as 

crosslinking material in the preparation process of the 

nanocomposite [34].  

The ATR-FTIR curve of the GO, zeolite-A and MZ-A/RGO 

nanocomposite was displayed in Fig. 2, GO exhibited a set of 

bands at 1046 cm−1, 1226 cm−1, 1405 cm−1, 1616 cm−1, 1720 

cm−1 and 3300 cm−1, assigning to alkoxy C–O stretching 

vibrations, epoxy C–O stretching vibrations, carboxyl O=C–

O stretching vibrations, sp2-hybridized C=C vibrations, C=O 

stretching vibrations and –OH stretching vibrations in water 

molecules, respectively. That confirm the attaching of various 

oxygen containing functional groups on the GO surface [35, 36]. 

The spectrum of zeolite-A displays the characteristic 

absorption band for the zeolite structure Si–O and Al–O at 

995 cm−1 and the peaks at 468, 547 and 663 cm−1 are 

attributed to the crystallinity of zeolite-A. the broad absorption 

band at 3364 cm−1 are assign to –OH stretching vibrations of 

the absorbed water in the zeolite structure [37-39]. 
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On the other hand, The ATR-FTIR spectrum of MZ-

A/RGO nanocomposite displays either the evanescence 

of the absorption bands at 1046, 1405 and 1720 cm−1 or 

a major decrease in intensity at 1226 and 3300 cm−1 of 

the most predominant oxygen functional groups on GO 

surface, which confirmed the reduction of GO and 

formation of RGO [40]. In addition to, the absorption 

bands existing at 468, 553, 673 and 1010 cm−1 

suggesting the presence of zeolite-A structure with small 

displacement from the pure zeolite-A. The absorption 

bands located at 793 and 1047 cm−1 is attributed to the 

stretching vibration mode in Si–O–Si and asymmetric 

stretching in Si–O–Si, respectively, indicating the 

successful attaching of APTMS on the surface of 

zeolite-A and formation of MZ-A [41]. The broad 

absorption band existing at 3300 cm−1 is sharing 

between the –OH stretching vibrations band of water 

molecules and the N-H stretching vibration band of the 

APTMS attached to the negatively charged RGO 

surface. So, in the absence of added external reducing 

agents, the amino groups of the used APTMS was 

believed to be responsible for the  in-situ  reduction of 

GO  to  RGO  through  the  hydrothermal  treatment, 

 suggesting the successful modification of the zeolite-A and 

RGO surfaces with APTMS through the silylation reaction [42, 

43]. 

The surface morphology and imaging of the prepared 

nanomaterials are observed using scanning electron 

microscopy (SEM) as shown in Fig. 3. SEM of GO Fig. 3a, 

exhibited wrinkled and rough surface [44]. Fig. 3b, exhibited 

the surface imaging of MZ-A with the cubic like crystal 

structure of zeolite-A with average particle size of 1 μm, the 

image indicated the presence of surface agglomeration which 

decrease the total surface area of the prepared MZ-A [45]. In 

addition, it is obviously shown the presence of pores on the 

surface of the MZ-A due to the attaching of APTMS on the 

surface of MZ-A and formation of mesopores zeolite-A 

structure, in which APTMS acting as a mesopore generating 

agent. On the other hand, the great overlap and homogeneity 

between MZ-A and RGO is evident in the SEM of the MZ-

A/RGO nanocomposite as indicated in Fig. 3c, suggesting the 

role of APTMS as cross linkage agent in the interaction 

between MZ-A and RGO and formation of MZ-A/RGO 

nanocomposite with no agglomeration between MZ-A 

particles. 

 

 

 

Fig. 1: XRD patterns of GO, MZ-A and MZ-A/RGO nanocomposite. 

 

 

 Fig. 2: ATR-FTIR spectra of GO, MZ-A and MZ-A/RGO nanocomposite. 
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Fig. 3: SEM images for (a) GO, (b) MZ-A and (c) MZ-A/RGO nanocomposite. 

 

Adsorption study 

Effect of contact time and adsorption kinetics study 

The comparative study of Cd2+ ions adsorption using 

MZ-A/RGO and MZ-A was displayed in Fig. 4a. It is 

clearly observed that the adsorption capacity of MZ-

A/RGO nanocomposite was much higher than in case of 

MZ-A for removal of Cd2+ ions due to agglomeration of 

the MZ-A particles that causes decrease in the active 

sites and adsorption capacity of MZ-A. Furthermore, the 

removal of Cd2+ ions was very fast during the first 15 

min. (qe, Cd2+=150 and 71.2 mg/g for MZ-A/RGO and 

MZ-A, respectively). After that, the adsorption capacity 

increases slowly until the adsorption equilibrium is 

reached at 162 mg/g for MZ-A/RGO and 98.6 mg/g for 

MZ-A after 120 min. This can be attributed to the 

availability of large numbers of active sites on the 

surface of MZ-A/RGO for Cd2+ ions to be adsorbed in 

the first stage of the adsorption process. In which, at the 

beginning very high adsorption driving forces lead to a 

higher adsorption capacity. However, after the first 15 

min, slower adsorption may be attributed to the slower 

diffusion of Cd2+ ions into the interior pores of the 

zeolite. Also, the Cd2+ ions subsequently occupy the 
exchangeable positions within the crystal framework [46]. 

 

 

  

 

 

Several kinetics models have been discussed to evaluate the 

experimental data and to clarify the adsorption process of 

MZ-A/RGO and MZ-A. The kinetic data of the adsorption of 

Cd2+ ions was investigated using pseudo-first-order, pseudo-

second-order and Elovich kinetic models Fig. 4b-4d. As can 

be seen, the correlation coefficients (R2) of the pseudo-

second-order model are more acceptable in comparison to the 

pseudo-first-order and Elovich models. Furthermore, the 

calculated qe values of MZ-A/RGO and MZ-A for Cd2+ ions 

adsorption was 163.9 and 104.16 mg/g, respectively, obtained 

from the pseudo-second-order shows a better conformity with 

the qe values obtained from the experimental data 162.0 and 

98.6 mg/g. Also, the kinetic parameters for each model were 

calculated and are listed in Table 1. In addition to, these 

results indicates that the adsorption of Cd2+ ions on MZ-

A/RGO and MZ-A obeys the pseudo-second-order model 

which depend on the hypothesis that adsorption may be the 

rate limiting step involving valence forces through exchange 

or sharing of electrons between adsorbate and adsorbent [47]. 
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Fig. 4: Adsorption kinetics studies. (a) Effect of contact time on the adsorption capacity of 

MZ-A/RGO nanocomposite and MZ-A for Cd2+ ions and Fitting of the obtained kinetic 

results using (b) the pseudo-first-order equation (c) the pseudo-second-order equation and 

(d) the Elovich kinetic model. 

 

Table 1: Kinetics parameters and constants for the adsorption of Cd2+ ions by MZ-A/RGO nanocomposite and MZ-A. 

Adsorbent 
Pseudo-first-order model Elovich model 

qCalc [mg/g] K1 [min−1] R2 β [g/mg] α [mg/g.min] R2 

MZ-A/RGO 43.91 0.038 0.786 0.0348 176.59 0.745 

MZ-A 61.06 0.039 0.913 0.0452 26.41 0.9696 

Adsorbate 
Pseudo-second-order model 

K2 [g/mg.min] qCalc [mg/g] qExp [mg/g] h [mg/g.min] R2 

MZ-A/RGO 0.0047 163.93 162.0 125.0 0.9998 

MZ-A 0.0015 104.17 98.6 16.03 0.9995 

Effect of initial concentration and adsorption isotherms study 

Adsorption isotherms are used to describe the interaction 

between the metal ions and the sorbent that play a necessary role 

in the determination of the maximum equilibrium adsorption 

capacity. Adsorption isotherms also used to evaluate of the 

economic viability of different sorbents for the commercial 

success [48]. The adsorption capacity of MZ-A/RGO for Cd2+ 

ions with different initial concentrations was shown in Fig.5a, 

the results indicates that the as the initial concentration increased 

from 10 to 500 mg/L the adsorption capacities increased from 

19.9 to 218 mg/g. This is due to, at low concentrations of Cd2+ 

ions the ratio between Cd2+ ions species and the number of 

available active sites of the sorbent for adsorption is small, 

leading to mass transfer resistance between the sorbent and the 

adsorbate aqueous solution and thus decreasing the adsorption 

capacity [49]. Contrariwise, additional driving force that is exceed 

the mass transfer resistance of metal ions produced with 

increasing of the initial concentration of Cd2+ ions species, 

leading to an increase in adsorption capacity [5]. Different 

adsorption isotherms such as Freundlich, Langmuir, Temkin 

and Dubinin–Radushkevich (D-R) models were used to 

investigate the reaction mechanism as shown in Fig. 5b-5e and 

the fitted adsorption isotherm parameters based on the 

experimental data obtained for the adsorption of Cd2+ ions on 

 MZ-A/RGO are summarized in Table 2. The results indicate 

that the correlation coefficient R2 of Langmuir for Cd2+ ions 

adsorption was higher than for the other Freundlich, Temkin 

and Dubinin–Radushkevich (D-R) models. The ordering of R2 

is Langmuir> Temkin> Freundlich> D–R isotherm. So, the 

experimental data of adsorption were fitted well to the 

Langmuir model. Therefore, the coverage of Cd2+ ions 

examined on the surface of the MZ-A/RGO may be defined as 

a monolayer [50]. Furthermore, the values of the qmax and b for 

Cd2+ ions are 222.23 and 0.043, respectively. Suggesting the 

presence of a Van der Waals adsorption [51]. in addition, the 

separation factor (RL) value which decide the favorability of the 

adsorption process: RL >1 refers to unfavorable adsorption, 

RL=1 refers to linear adsorption, 0 < RL < 1 refers to favorable 

adsorption, and RL=0 refers to irreversible adsorption, in this 

case, the values of the separation factor (RL) for Cd2+ ions was 

in the range of 0 < RL < 1 indicating the favorability of the 

adsorption process on the surface of MZ-A/RGO [52, 53]. Also, 

the values of experimental and theoretical maximum adsorption 

capacity (qm) are much close to each other, indicating the good 

fitting of the Langmuir model. Comparison of maximum 

adsorption capacity (qm) of MZ-A/RGO nanocomposite 

adsorbent with other reported different adsorbents for Cd2+ ions 

are listed in Table 3. 

 

 

file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_48
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_49
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_5
https://08101edud-1106-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S095758201730410X#tbl0030
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_50
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_51
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_52
file:///C:/Users/Noha/Desktop/Faculty%20journal/volume%2058%20issue%201/mohamd/Efficient%20removal%20of%20cadmium%20ions%20%20from%20wastewater%20using%20modified%20mesoporous%20zeolite%2028-09-2020%20with%20%20affiliation.doc%23_ENREF_53


  M.  A. Farghali et al. /Egy. J. Pure & Appl. Sci. 2020; 58(1):21-32  

28  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Adsorption isotherms studies. (a) Initial concentration effect of Cd2+ ions on MZ-A/RGO nanocomposite and 

fitting of the obtained isotherm results using (b) Freundlich isotherm model, (c) Langmuir isotherm model, (d) 

Temkin isotherm model and (e) Dubinin–Radushkevich (D–R) isotherm model. 

 

Table 2: Isotherm parameters, constants and correlation coefficients for the adsorption of Cd2+ ions on MZ-A/RGO 

nanocomposite using different isotherm models 

Isotherm models Kinetics parameters 

Freundlich isotherm 
1/n Kf (mg/g) R2 

0.358 27.99 0.947 

Langmuir isotherm 
qmax (mg/g) b (L/mg) RL R2 

222.23 0.043 0.70–0.045 0.982 

Temkin isotherm 
B bT (J/mol) AT (L/g) R2 

30.95 80.05 0.99 0.963 

D–R isotherm 
qmax (mg/g) KDR (mol2.K/J2) R2 

137.80 7x10-7 0.830 

 

Table 3: Comparison of the maximum adsorption capacities of Cd2+ ions in this study with previous work at room 

temperature. 

Adsorbent 
Adsorption capacity, 

qe [mg/g] 

Reference 

Zeolite Molecular Sieve 182.6 [54] 

Zeolite-A 149.0 [55] 

Polyacrylic acid-based hydrogel 169.70 [56] 

Graphene oxide (GO)  139.9 [57] 

Zeolite-supported microscale zero-valent iron (Z-mZVI) 63.14 [58] 

Composite chitosan biosorbent 108.7 [59] 

PS-GO gel 136.98 [60] 

Magnetic p(AMPS) composite hydrogels  140.85 [61] 

Coral strands 189 [62] 

β-cyclodextrin/graphene oxide 196.07 [63] 

magnetic biochar composites 46.90 [64] 

Graphene aerogels 149.25 [5] 

MnO2/o-MWCNTs) 41.60 [65] 

MZ-A/RGO 222.23 This work 
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Effect of temperature and thermodynamic analysis 

Adsorption capacity of MZ-A/RGO for Cd2+ ions was 

investigated at different temperatures and the 

corresponding plots were shown in Fig. 6a. the 

thermodynamic parameters of the adsorption process 

was calculated and reported in Table 4. The ΔH° and 

ΔS° were calculated from the slope and intercept of the 

plot of ln Kd against 1/T, Fig. 6b, and the values of ΔG° 

at different temperatures were calculated from equation 

(12). The value of ΔH° is very valuable for predicting 

the type of adsorption. Physisorption is generally below 

20 kJ/mol and in the range 20–80 kJ/mol the 

physisorption together with chemisorption takes place 

and in the range 80–400 kJ/mol chemisorption occurs 
[66]. According to table (4) the value of ΔH° for Cd2+ 

ions is 5.67 kJ/mol. This indicates a physical adsorption 

process occurs. In addition to, the positive value of ΔH° 

for the adsorption process of Cd2+ ions on MZ-A/RGO 

shows that the adsorption was an endothermic process 

with random characteristics. The negative values for 

ΔG° at all temperatures indicate the spontaneously of the 

adsorption   process.  Furthermore,  the   values   of  ΔG°  

 decrease as the temperature increase suggests that the 

adsorption process is more favorable at higher temperatures 
[67]. Furthermore, the positive value of the entropy change ΔS° 

is 21.5 J/mol.K,indicating an increase in randomness at the 

solid/solution interface during the adsorption process [68]. 

Conclusion 

The objective of this work is to enhance the attaching of the 

mesoporous zeolite-A on the surface of the RGO through the 

hydrothermal treatment by using APTMS as a mesopore 

generating and binding agent and formation of MZ-A/RGO 

nanocomposite, the presence of the mesoporous zeolite-A on 

the surface of the RGO decrease the agglomeration of the 

MZ-A and RGO that could enhance the removal efficiency of 

Cd2+ ions onto MZ-A/RGO under different adsorption 

conditions such as contact time, initial Cd2+ ions concentration 

and temperature. The fabricated MZ-A/RGO nanocomposite 

was characterized by different analytical techniques to prove 

the successful of the preparation method. The pseudo-second- 

order kinetic model and the Langmuir adsorption isotherm 

equation exhibited better fitting for the adsorption of Cd2+ ions 

onto MZ-A/RGO based on the values of the correlation 

coefficients (R2).  

 

 

 
Fig. 6: (a) Effect of temperature on the adsorption capacity of Cd2+ ions onto the MZ-A/RGO 

nanocomposite and (b) adsorption thermodynamic study. 

 

Table 4: Thermodynamic parameters for Cd2+ ions adsorption on MZ-A/RGO 

 

Temperature 

(K) 

ΔH0 

(kJ/mol) 

ΔS0 

(kJ/mol.K) 

ΔG0 

(kJ/mol) 

298 

5.67 21.50 

−0.76 

313 −1.02 

333 −1.53 

353 −1.92 
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