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Abstract: The excess amount of lead (Pb™*) and cadmium (Cd*) in the drinking water system lead to affect immunity and
kidney failure problems. To overcome such troubles by developing well-crystalline faujasite minerals that are synthesized from
claystone by the hydrothermal process may be the current trend For the effective adsorption of these cations. The active
functional group, thermal nature, crystallinity surface, texture properties, and porous surface nature of faujasite were
investigated using X-ray diffraction, scanning electron microscopy, Fourier-transform infrared, and nitrogen sorption 77k
studies. The maximum removal of Pb"* and Cd"? was found to be 98% and 85% respectively using 60 mg and 70 mg from the
adsorbent material. Moreover, the measured uptake capacity of Pb™> and Cd" was 351.3 mg/g and 97.2 mg/g at equilibrium
times of 50 min and 80 min respectively. Therefore, different adsorption isotherm and kinetic models were investigated.
Accordingly, adsorption isotherms were the best fit for the Langmuir isotherm model. Moreover, the adsorption process for the
two adsorbate cation was followed by the pseudo-second-order kinetics (R* >0.9), Elovich (R* >0.9 for Pb** and 0.86 for Cd*?),
and Langmuir (R* >0.9 for Pb** and 0.85 for Cd"?). This indicates that the adsorption process via monolayer formation with
chemical sharing or/and ion exchange process occurs on the energetically heterogeneous surface.
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systems, and brain [7, 8]. While the rise in the concentration
of cadmium ions will cause damage to the bone and kidney
and cause triggering some diseases emphysema and kidney
damage [8-10].

There are many ways to remove heavy metals from
polluted water, such as ion exchange [11-13], chemical
precipitation [14—-16], membrane filtration [17-19], and
electrochemical treatment [20], etc but some of these
methods are not common for separation processes as well as
they have a high cost, limitations to reduce efficiency,
production secondary sludge, and sensitive operating
conditions. many comprehensive types of research are
concerned with finding suitable high-efficiency adsorbents
for the removal of hazard Pb (I) and Cd (I) from aqueous
media. In the present days, available and low-cost several
materials are used as an adsorbent for removing toxic metals

1. Introduction

Nowadays, industries, mining, printing and dyeing, and the
chemical industry are increasing and spreading widely.
Consequently, water pollution occurs with heavy metals,
anions, oil, and organic materials resulting from the
development and increase of these activities. So, water
pollution became one of the most global environmental and
health problems [1-4]. The most two common heavy metals
that are dangerous are Pb™ and Cd™, as their permissible
concentration limits are 0.005 mg/L for Cd™, and 0.05 mg/L
for Pb™ according to US Environmental Protection Agency
[5, 6], and increase in their limits leads to serious health
problems. When lead ion concentrations increase than the
permissible limit it will affect the digestive, nervous, immune
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from wastewater such as clay [6, 21-23], zeolites [24-29],
carbonaceous adsorbents [30-32], phosphates [2], and
hydroxyapatite [8, 33].

In the present work, claystone was used as a raw material
in the synthesis of faujasite because of its abundance and
cheapness, unlike the use of natural zeolite, which is not
available and its import is expensive. The raw materials are
mixed with sodium hydroxide pellets with a specific ratio
and through a hydrothermal process, the faujasite mineral
was synthesized. Moreover, faujasite has a high surface area
and high ion exchange so it is used as an adsorbent material
for Pb and Cd ions from wastewater. The effect of faujasite
dose, pH, time contact, and initial concentration were studied
respectively. Also, the removal mechanism of the heavy
metal ions and experimental aspects have been verified.

2. Materials and Methods
2.1. Materials

The raw sample was collected from Um El Huitat, Safaga
area, Red Sea, Egypt. Sodium hydroxide NaOH 98% was a
product of Aduic (Egypt. Pb and Cd nitrates were products of
Sigma-Aldrich (Germany) that were used in the adsorption
processes. Different concentrations were prepared from the
pre-prepared standard stock solutions (1000 ppm). Sodium
hydroxide (NaOH, 1M) and nitric acid (H,SO4, 1M) were
used to control the solution pH.

2.2. Synthesis Steps

The first step in the synthesis of faujasite includes
calcination of the raw sample at 900° ¢ for 2 hours. Then, the
calcined sample was mixed with sodium hydroxide pellets
with a ratio of 1:1.2 and heated at 650° C for 2 hours. In the
next step, 8.9 gm from the heated sample was mixed with 50
ml of distilled water and stirred for 4 hours. Subsequently,
the sample was transferred into the Teflon tube and heated in
the oven for 3 days at 80°c. Samples were washed several
times with distilled water until the pH become 10 and then
filtered. Finally, drying was effected at 60°c for 24 hours.

2.3. Characterization Techniques

To identify the mineralogical composition of raw and
synthesized material we used an X-ray diffraction analysis.
Diffraction patterns were obtained using an X-ray
diffractometer (Model FW 1700 sieves, Phillips, Netherlands)
with monochromatic Cua radiation (A= 1.540 A°) employing
a scanning rate of 0.06° min' and 20 rang 4 to 60° the
diffraction data were analyzed using the DIFRAC plus
evaluation package (EVA) software. SEM micrographs were
obtained by a JEOL-JSM-5400 LV scanning electron
microscope. FT-IR was recorded in 4000-400 cm-1 region
with a Nicolled Spectrophotometer, model 6700 (USA) in the
attenuated total reflectance (ATR) mode. The Sggr values
were estimated based on Brunauer—Emmett-Teller (BET)
method from N, adsorption at 77K.

2.4. Adsorption Studies

The removal of heavy metals by using faujasite as an
adsorbent was studied under the effect of many impacts viz,
the effect of adsorbent dose in the range (10-70 mg), at pH 6,
at 120 min, and at 800 ppm for Pb while 200 ppm in case of
Cd. Moreover, the effect of solution PH range from 2 up to 9
at 120 mints, 50 mg dose of adsorbent, and at 800, and 200
ppm concentration of Pb and Cd respectively. Also, the effect
of contact time under the same conditions is considered
above. Finally, the impact of adsorbate concentration was
studied in the range of 50 to 1200 ppm for Pb™ while in the
case of Cd"™, the range was 50 to 500 ppm on the whole the
appropriate isothermal models for adsorption were inspected
at constant and under different conditions.

3. Results and Discussion
3.1. Characterization

3.1.1. X-ray Diffraction (XRD)

X-ray results of the raw material that was used in the
synthesis of zeolites show that it is composed of smectite and
quartz Figure 1, while the X-ray diffractogram of the
synthesized material illustrates that the product material is a
faujasite mineral which matched beautifully with the
standard ASTM cards. The main peak appears at 20 = 6 [34,
35] Figure 2.
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Figure 1. XRD for the precursor raw sample.
2
w
c
2
=

T T T T T

10 20 30 40 50 60
2071

Figure 2. XRD for the synthesized zeolite mineral.
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3.1.2. Scanning Electron Microscope (SEM)

A scanning electron microscope (SEM) image of the
synthesized mineral is presented in Figure 3. It was shown
that it is composed of nanocrystal aggregates from octahedral
[24, 25, 28].
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Figure 3. SEM image shows nanocrystal aggregates of faujasite.

3.1.3. Fourier Transform Infrared (FT-IR)

The FT-IR spectrum of the synthesized sample under
investigation was given in Figure 4. Examining the
spectrogram one can observe the following characteristic
bands located at 3477, 1634, 1465, 984, 754, 675, 563, and
462 cm™ bands. The band observed at 3477 cm™ is attributed
to the O-H vibration. While the band appeared at 1634 cm™
due to bending mode. The bands located at 1465 and 984 cm’
"are attributed to the external T-O-T (T= Si and/or Al)
asymmetric starching and the internal asymmetrical one
respectively. On the other hand, the bands presented at 754
and 675 cm’ correspond to the external and internal
symmetric vibration respectively. Furthermore, the double
ring vibration belongs to the band O-T-O which is located at
563 cm’. The band at 462 cm™ is attributed to bending
vibration [26, 27, 29, 36].

Transmittance % (a.u)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

Figure 4. FT-IR of the synthesized faujasite mineral.

3.1.4. Surface Area Mesurements
The surface area of faujasite was measured using

Brunauer—-Emmett-Teller method. The synthesized product
has a high surface area which is found to be 247 m*/g.

3.2. Adsorption Results

3.2.1. Effect of Adsorbent Dose

The relationship between the adsorbent dose and removal
percentage of Pb™* and Cd"? was illustrated in Figure 5. The
removal percentage of Pb” and Cd™ increases upon
increasing the adsorbent dose. The maximum removal of
Pb™ is 98% using an adsorbent dose of 60 mg while the
maximum removal of Cd™ is 85% by dealing with a 70 mg
adsorbent dose. These higher values of cations removal may
be attributed to both large surface area and available excess
active adsorption sites located at the surface of the adsorbent
[8, 37].
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Figure 5. The relation between adsorbent dose and removal of Pb*’ and
Cd™

3.2.2. Effect of Solution pH

The effect of solution pH (2-9) in the removal process of
heavy metals by the action of faujasite as an adsorbent was
studied as one of many parameters that affect both the
adsorption capacity and its mechanism [38, 39]. Concerning
Cd*" ions, the nature of the adsorptive species depends
mainly on the pH value. In the range from 2 to 8 Cd** ions
exist either free cations or aqueous ones [Cd(H,04)]*" were at
pH >8 the hydroxo complexes [Cd(OH)]" is dominated [40].
In the case of Pb®" at a pH value above 5, the hydroxide
species which have the general formula ([Pb(OH)n]z'“, where
n= 1,2, and 4 were detected [41]. Taking into consideration
that the zeolite surface is positively charged, if we are
dealing with acidic conditions, it will stimulate more strong
attractive anions whereas, in the basic medium, the
attractiveness is directed towards the cationic metals [6, 33,
42, 43]. Figure 6 shows the removal percentage of Pb"* and
Cd™ as a function of pH. The results illustrated that the
removal percentage increased with the increasing PH of the
solution. The maximum removal of Pb™ was achieved at a
low pH value of 4 but the removal of Cd™ reached its
maximum at a pH value of 5.
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Figure 6. The relationship between solution pH and removal percentage of
Pb*? and Cd*.

3.2.3. Effect of Contact Time and Kinetic Models

The contact time plays an important role in the adsorption
properties of zeolite minerals. The effect of contact time is
illustrated graphically in Figures 7 a and b. the plots show
that the adsorption capacity varies and exhibits two different
stages. The first stage is characterized by a rapid increase in
adsorption capacity with increasing time until we reach
equilibrium time. In the second stage, the adsorption capacity
reflects slight increases or is nearly constant. After
equilibrium is reached the adsorption capacity decreases
slightly over time, giving a plateau with nearly constant
capacities. This behavior is due to the availability of active
sites on the surface of the adsorbent material that is being
reduced with increasing contact time [44, 45].

The adsorption capacity of Pb* in the first stage increases
within the range from 17.5 to 351.3 mg/g with increasing
time from O to 50 mins while the equilibrium stage was
attended at 50 mins Figure 7a. Figure 7b shows the behavior
of Cd™ where the initial stage was terminated at 80 mins
which belongs to 97.2 mg/g.
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Figure 7. The effect of contact time (a) for Pb*’ and (b) for Cd™.

Concerning kinetic models, there are three models were
applied to describe the adsorption mechanism. The first
model is the pseudo-second-order, which was applied to
justify that the adsorption processes proceed by chemical

sorption through ions sharing and/or sharing between soluble
ions and adsorbent [44, 46]. The linear fitting of this model is
shown by equation (1). The parameters given in the equation
were calculated and presented in Table 1.

t/q, :l/kzqez +1/q. (D

where q; is the amount of cation adsorbed at time t (mg/g)
and k, is the reaction rate constant (g/mg min). Figure 8
shows a higher and better fitting upon applying this model.
The quantity of experimental adsorption capacity results
matches very well with the theoretical one.
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Figure 8. Pseudo-second order for Pb*? and Cd™.

The second model is the Elovich model This model has
been applied as a mass transfer model for heterogeneous
diffusion [47]. The linear fitting of this model is expressed in

Eq. (2).
Q= In (@) + In(t) @

where [ parameter represents the degree of activation energy,
desorption coefficient sand surface coverage (g/mg) and o
parameter is the initial uptake rate (mg/mg.min) at reaction
time t = Omin. the linear fitting of this model is presented
graphically in Figure 9 and these parameters are estimated
and listed in Table 1. All data possess a reasonable fit with a
correlation coefficient R>> 0.9.
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Figure 9. Elovich kinetic model for Pb*? and Cd"’.
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The last model that is used in this study is intra-particle
diffusion. It is known that this model describes the transfer of
the dissolved ions from the bulk of the solution to the
adsorbent solid surface followed by the intra-particle
transport/ diffusion process [2, 48]. Moreover, it is shown in
equation (3).

q =k, 7+ C 3)

The intercept related to the thickness of the boundary layer
and k, is the internal-particle diffusion constant (mg g ' min™).
The adsorption results and their fitting with the model are
represented graphically in Figure 10. Each adsorption curve
is dispersed into two stages the first one is related to the
adsorption of heavy metal ions on the surface of the
adsorbent indicating the effect of the boundary layer while
the second stage in the presented curves is related to the
adsorption of heavy metals onto the pores sites. Accordingly,
one can conclude that the adsorption of heavy metal ions was
adsorbed not only at the surface but also by the pore
diffusion mechanism [49, 50].
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Figure 10. Intra-particle diffusion model for Pb*’ and Cd*’.

Table 1. The calculated parameters of kinetic models.

Faujasite

parameters b ca?

qe (mg/g) 370 185
VSILOENIE ) 7x10* 5.9x10°
order

R’ 0.99 0.86

B (g/mg) 0.0144 0.0283
Elovich o (mg/g min) 186.947 4.8448

R’ 0.91 0.9

3.2.4. Equilibrium Studies and Isothermal Models

The initial concentration of Pb*? and Cd"? ions was studied
as a parameter that affects the adsorption behavior of
faujasite adsorbent. The concentration range in this study of
Pb™? started from 50 mg/L to 1200 mg/L whereas the range in
the case of Cd™ begins from 50 mg/L to 500 mg/L. The
relation between adsorption capacity and the initial
concentration of Pb™? and Cd** is shown in Figure 11. The
obtained results illustrate that the capacity uptake of Pb*
ions increases from 24 to 375 mg/g with increasing the initial

concentration from 50 mg/L to 800 mg/L respectively until
reaching equilibrium at a value starting from 800 mg/L after
which the capacity is fixed or slightly increases. On the other
hand, the uptake capacity of Cd" increases from 14 mg/g to
75 mg/g with increasing the initial concentration from 50
mg/L to 350 mg/L then the equilibrium was attained at such
capacity value.

400-Pb 80{Cd
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250
2 50
£ 200
;. 40
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100
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0 200 400 600 800 1000 1200 O 100 200 300 400 500
Initial concentration (mg/L) Initial concentration (mg/L)

Figure 11. The relation between adsorption capacity and initial
concentration of Pb*? and Cd™.

In this context, two common isothermal models are used to
explain the adsorption behavior of both Pb™ and Cd™ on
faujasite. The first one is the Langmuir isothermal model
herein, he postulated that there is no interaction between the
adsorbate molecules on the surface of the adsorbent materials.
Moreover, this adsorbent surface must be composed of a
homogeneous infinity number of active sites that have similar
energy values and on the whole only monolayer is formed
[50, 51]. The linear equation of Langmuir is presented in Eq.

4).
Ceqe = 1/qmb + Cem “4)

Where C, is the final concentration (mg/L), q. is adsorbed
heavy metals at equilibrium (mg/g), qm.x 1S the maximum
uptake capacity (mg/g), and b is the model isotherm constant
(L/mg). Also, Ry parameter is calculated from Eq. (5).

Ry =1/(1 + bC,) %)

where b is previously defined and C, is the initial metal
concentration. Where the Ry values are 0 < R < 1. At R;=0
the adsorption process proceeds reversibly and is favorable
whereas at Ry = 1, the adsorption isotherm will take the
linear form but at R > 1 the process is not favorable. All the
parameters of this model are estimated and listed in Table 2.
The linear plotting was represented in Figure 12. The
obtained data reflect the following: (i) the adsorption of the
two heavy metals could be described by this model where the
correlation coefficient in the case of Pb™ (R*> 0.9) while in
Cd™? (R* = 0.85) and (ii) RL values illustrate that the
adsorption is favorable.
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Figure 12. The linear curves of the Langmuir model.

Freundlich adsorption model represents the second one
and it was postulated that the adsorption of heavy metals
proceeded with the formation of multilayer and meanwhile
the surface was heterogeneous [52]. The logarithmic form of
this model is represented by equation (6).

log q. =log k¢ + 1/n log C, (6)

Where k¢ (L/g) is the model constant and 1/n is a
constant that corresponds to the number of layers.
Regarding the value of 1/n we have three different
alternatives (i) when 0 < 1/n < 1 the adsorption is
favorable, (ii) at 1/n = 0 adsorption will be irreversible,
and (iii) at 1/n > 1 the adsorption is not favorable. The
parameters included in this model were obtained by

plotting log q. vs log c. Figure 13 and are listed in Table 2.

Checking the obtained adsorbed data upon applying such a
model, one can conclude that the adsorption process of
Pb*? does not opay the model where the fitting possesses a
poor correlation coefficient (R* = 0.65). Meanwhile, Cd™
adsorption is as presentable fitting with R* = 0.81.

T T

0.0 0.5 1.0 1.5 2.0 25 3.0
log Ce

Figure 13. The Fruindlich model.

Table 2. The estimated parameters of isothermal models.

parameters Faujasite
Pb"’ cd”?
Qmax (Mg/g) 400 111.11
. b (L/mg) 0.0512 0.00828
Langmuir model R? 0.98 0.85
RL 0.023 0.376
1/n 0.2921 0.6043
Fruindlich model k¢ 77.42 2.856
R’ 0.65 0.81
Br 56.643 24.823
Temkin model kt 2.579 11.48
R’ 0.71 0.83

4. Conclusion

Faujasite was synthesized from claystone as a precursor
via hydrothermal processes. The synthetic material under
investigation was used as an adsorbent for lead and cadmium
ions from wastewater. The adsorbent material exhibits higher
removal percentages amounting to 98% and 85% for Pb*
and Cd"? respectively. Also, it possesses higher capacities for
the two adsorbate cations with values corresponding to 351
mg/g for Pb™? and 97mg/g for Cd™. To suggest the
mechanism of the adsorption process we apply some kinetic
and isothermal models. Accordingly, our adsorption data
were found to be fitted well with both pseudo-second-order
(R*> 0.9) and Elovich (R*> 0.9 for Pb** and 0.86 for Cd ") as
kinetic models. A trial was made to find the appropriate
adsorption model that fits our adsorption data, we come to
the conclusion that the Langmuir isothermal model has (R*>
0.9 for Pb™ and 0.85 for Cd"?). Though, we conclude that the
adsorption process occurs through a chemisorption process
via sharing and/or ion exchange at a heterogenous and
energetic surface with the formation of a monolayer.

5. Recommendations

Faujasite, a low-cost alternative sorbent synthesized from
claystone, has the potential to be used in heavy metal
adsorption applications.
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