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ABSTRACT

Article type: A new route for the preparation of Si0z/kaolinite/Fe203 composites from Sweileh
Research article sand deposits, west Amman, Jordan. Chemical and XRF analysis results indicated
Article history: that sand deposits composed mainly from SiO:;, kaolin clay, iron salts, and
Received March 2022 titanium, calcium, magnesium and sodium salts. SiOz/kaolinite/Fe203
Accepted June 2022 nanocomposites were prepared by treating Sweileh sand samples with
July 2022 Issue concentrated hydrochloric acid and sodium hydroxide. pH solution, adsorbent
Keywords: dose, initial metal ion concentration, contact time, and temperature effects on
SiO2/kaolinite /Fe203 adsorption process were examined. Langmuir isotherm has the best fitting to the
Nanocomposites experimental data (R? = 0.9999), with adsorption capacity, qmax of 166.67 mg/g,
Adsorption 163.93 mg/g and 153.85 mg/g for Pb(II), Cd(II) and Cu(Il) ions, respectively. The
Metal ions negative values of AGe and the positive value of AH?indicated the adsorption
Thermodynamics process was spontaneous and endothermic.
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Capsule Summary: Natural Sweileh sand deposit was used for SiOz/kaolinite/Fe203 composite preparation, which was
employed for the removal of Pb(II), Cd(II), and Cu(ll) ions and the prepared composites showed promising efficiency as an
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INTRODUCTION

Much attention has been given by Jordanian scientific
researchers to develop an effective technology for removal of
the toxic heavy metal ions from water, aqueous solutions and
wastewater. One of the most commonly practiced
technologies is adsorption technique, which has a number of
advantages when compared to the physical, chemical and
biological technologies. Natural and modified adsorbents
were proved to have high ability to remove toxic heavy metal
ions from aqueous solutions and industrial wastewater such
as natural kaolin clay (Jiang et al.,, 2010, Bhattacharyya and
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Gupta, 2011, Aragdo et al, 2014), polyvinyl alcohol-
modified kaolinite clay (Unuabonah, 2008), polyphosphate
modified kaolinite clay (Amer et al., 2010), kaolinite/smectite
natural composite (El-Naggar et al. 2019), mechanically and
chemically synthesized montmorillonite kaolinite/TiO:
composite (El-Naggar et al. 2019; Kumri¢, etal, 2013),
Synthesis of polylactide/clay composites using
structurally different kaolinites and kaolinite nanotubes
(Matusik et al, 2011). Hence, the composites have shown
superiors adsorption efficiency versus their individual
counter parts and different studies have been performed in
this regard and the adsorption response of the composite
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was highly promising for different pollutants (Awwad et al,,
2020; Igbal et al., 2021; Khalid et al,, 2021; Khan et al,, 2021).

This study investigated the feasibility of using
natural materials SiOz//Kaolinite/Fez0s composites from
Jordanian sand at Sweileh area, west Amman as an eco-
friendly and low-cost adsorbent for the removal of Pb(II),
Cd(II), and Cu(1I) ions from aqueous solutions.

MATERIAL AND METHODS
Reagents and chemicals

Sand samples were collected from Sweileh sand deposits,
West Amman, Jordan. lead nitrate Pb(NO3)2, cadmium nitrate
(CANOs3) and copper sulfate (CuSO4), hydrochloric acid (37%)
and sodium hydroxide (10% NaOH) were supplied by Sigma-
Aldrich, Germany. De-ionized water was used in all
experimental work.

Preparation of Si0Oz/Kaolinite /Fe203 composites

Sand samples were collected from Sweileh sand deposits,
west Amman, Jordan. Each sample 500g was treated with
37% HCl under mechanical stirring for 6h at ambient
temperature (27°C). A yellowish-white emulsion started to
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appear as top layer after 30min of chemical reaction and a
lower layer at the bottom of the reaction vessel. Afterwards
the reaction vessel was left overnight. We found in the next
morning the vessel is contained three layers; the upper one is
a yellowish-red solution, the mid one white layer and the
bottom layer pale grey-white layer. All materials obtained in
beaker were treated by sodium hydroxide for 6h with
agitation from time to time to obtain SiO2/kaolinite/Fe203
emulsion. Afterwards, decantation and washing with de-

ionized water to obtain Si02/Kaolinite/Fe203
nanocomposites.
RESULTS AND DISCUSSION

Chemical analysis

XRF analysis was carried out to determine the chemical
composition of raw Sweileh sand as well as to verify the
chemical changes that occurred due to treatment by
hydrochloric acid and sodium hydroxide. Raw sand
samples, gave an average maximum per cent of pure silica
82%, (Si02) 17% are associated minerals and kaolinite. x-
ray diffraction analysis, and scanning electron microscopy
were carried out using Quanta FEI 450 SEM machine.
Fourier transforms infrared spectroscopy (FT-IR, IR
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Fig. 1: XRD pattern of raw Sweileh sand
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Fig. 2. FTIR analysis of raw Sweileh sand
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Prestige 21, Shimadzu. The concentrations of metal ions in
the solutions were determined by a Shimadzu AAS6300
atomic absorption spectrometer. The pH of the solutions
was measured with a WTW pH meter using a combined
glass electrode. Fig. 1 represents XRD of Sweileh sand and
Fig. 2 represents FT-IR of Sweleh sand

Adsorption of Pb(II), Cd(II) and Cu(II) ions

Adsorption of metal ions onto SiOz/kaolinite/Fe203
composites were performed in glass flasks of 250 ml
containing 0.5 g of adsorbent mass and 10 ml of metal ions
solutions with an initial concentration ranging between 5 to
120 mg/L. The mixture was shaken (~200 rpm) until the
equilibrium was reached using a water shaker bath. Then,
the solid phase was separated from the liquid phase by
centrifugation 2000 rpm for 10 min and the concentrations
of metal remaining were determined by atomic absorption,
the amount of adsorbed Pb(II), Cd(II) and Cu(II) ions onto
Si0z2/Kaolinite/Fe203 composites was calculated using
relations shown in the following Eq. 1-2.

R% = % x 100 (1)
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Fig. 3: Effect of pH solution on the percent removal metal
ions by composites. T =303 K; Co =40 mg/L; pH = 6.0
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Fig. 4. Effect of contact time on the percent removal metal
ions by composites. T =303 K; Co =40 mg/L; pH = 6.0
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(2)

Co—Ce
de = M

xV

Where, Co (mg/L) is the initial concentration of metal ions
and Ce (mg/L) is the equilibrium concentration in aqueous
solution. M is the concentration of composites, V (L) is the
volume of solution. qe is the amount of adsorbed metal per
gram of adsorbent (mg/g) and R% represent the removal
percent of metal ions.

Effect of the pH

The effect of pH solutions on the adsorption percent
removal of Pb(Il), Cd(II) and Cu(Il) ions onto the
composites is shown in Fig. 3. The removal percent (%R) of
Pb(Il), Cd(II) and Cu(Il) ions increases sharply with
increasing pH from 2.0 to 6.0 and then decreases to reach
pH 7.0. The maximum percent removal for all metal ions
studied was observed around pH 6.0 at all temperatures.

Effect of adsorbent dose

Effect of adsorbent dose of composites on the Pb(II), Cd(II)
and Cu(II) ions removal percent is increased very rapidly
with an increase in dosage of composites from (0.1-0.5)

g/L.

Effect of contact time

Effect of contact time on the adsorption of metal ions onto
composites is shown in Fig. 4. It can be seen that the
removal percent of metal ions increase with contact time
until equilibrium is attained between the amount of metal
ions on SiOz/ Kaolinite/SiO2 composites and the remaining
metal ions in solution. Fig. 4 shows that the removal
percent of metal ions increase with contact time from 0-60
min and then becomes almost constant up to the end of the
experiment.

Effect of temperature

As temperature increases from 293 to 313 K, metal ions
removal percent increase. Similar trends were observed for
other concentrations. This indicated that the adsorption
process is endothermic in nature.

Adsorption isotherms

Adsorption of Pb(II), Cd(II) and Cu(II) ions onto composites
were modeled using two adsorption isotherms: Langmuir
and Freundlich isotherms. The linear form of the Langmuir
isotherm model is described in Eq. 3 [13].

Ce 1

(3)
Cq dmax KLAmax
Where, Kv is a Langmuir constant and gmax is the maximum

adsorption capacity (mg/g).
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Table 1: Langmuir data obtained for Pb(II), Cd(II) and Cu(II) ions
Metal ions gmax(mg/g) K. (L/mg) R2
Pb(II) 166.67 0.0060 0.9999
Cd(1) 163.93 0.0061 0.9999
Cu(1I) 153.85 0.0065 0.9999
Table 2: Thermodynamic parameters of metal ions onto SiO2/Kaolinite/Fe203 composites
Metal ion T (K) LnKbp AGe (k]/mol) AHe (k] /mol) ASe (J/K Mol)
Pb(II) 293 1.242 3.020 30.66 108.65
303 1.633 4.056
313 1.899 5.179
Cd(In 293 1.671 4.086 22.78 94.67
303 1.893 4.781
313 2.111 5.490
Cu(ID 293 1.983 4.823 16.54 65.23
303 2.345 5.894
313 2.740 7.052

The values of Langmuir parameters, qmax and K. were
calculated from the slope and intercept of the linear plot of
Ce/qe versus Ce as shown in Fig. 5. Values of gqmax, KL and
regression coefficient R2. These values for composites
adsorbent indicated that Langmuir model described the
adsorption phenomena as favorable (Table 1).

Thermodynamic parameters

Thermodynamic behavior of the adsorption of Pb(II), Cd(II)
and Cu(Il) ions onto SiOz/kaolinite/Fe203 composites is
studied. Thermodynamic parameters including the change
in free energy (AGe), enthalpy (AH°) and entropy (AS°) were
calculated from using Egs. 4-6.

Ca
KD = C_e (4)
AG° = RTInK), (5)
AS° AH®
Inkp = = & (6)

Where, R is the universal gas constant (8.314 ]J/mol K). T
(K) is the temperature. Kb is the distribution coefficient. Ca
is mg of adsorbate adsorbed per liter and Ce is the
equilibrium concentration of solution, mg/L. The Gibb’s
free energy (AG°) change is related to the enthalpy change
(AH°) and entropy change (AS°) at constant temperature by
the Gibbs-Helmholtz equation. According to Eq. 6, the
values of enthalpy change (AH°) and entropy change (AS°)
were calculated from the slope and intercept of the plot of
In Kp vs. 1/T. The calculated values of thermodynamic
parameters AGe, AHe and ASe for the adsorption of Pb(II),
Cd(ll), and Cu(ll) ions onto SiOz2/kaolinite/Fe203
nanocomposite are depicted in Table 2. A negative value of
the free energy (AGe) indicated the spontaneous nature of
the adsorption process. It was also noted that the change in
free energy, increases with rise in temperature. This could
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be possibly because of activation of more sites on the
surface of SiOz2/kaolinite/Fe203 composites with increase in
temperature or that the energy of adsorption sites has an
exponential distribution and a higher temperature enables
the energy barrier of adsorption to be overcome. Also,

— °
3 g
[ V)
3 - 3
" Cu(ll)
Ce (mg/L)

Fig. 5: Langmuir isotherm for Pb(II), Cd(II) and Cu(Il)
ions onto composites

these findings are in line with studies reporting the
applications of composites for the sequestration of metal
ions, i.e., kaolinite nanocomposite prepared from the
Jordanian kaolin clay showed promising efficiency for the
removal of Pb(Il) and Cd(II) ions (Awwad et al., 2020).
Similarly, MnFe204/clay composite and bio-composite were
employed as an adsorbent and composite efficiency was
excellent versus their individual counterparts (Nausheen et
al,, 2020). The organic-inorganic, hybrid bionanocomposite
from cellulose and clay also showed promising efficiency as
an adsorbent (Kausar et al, 2020) and the adsorption
response of removal of modified Hiswa iron-kaolin clay for
Pb(II) and Cd(II) was also studied and modified Hiswa iron-
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kaolin clay showed excellent efficiency (Awwad et al,
2021). Hence, based on adsorption efficiency the composite
is efficient for the adsorption of pollutants, which have
potential for applications for the treatment of wastewater
contains diverse type of pollutants (Ehsan et al, 2017;
Kausar et al,, 2018; Kausar et al,, 2019).

CONCLUSIONS

The results of this research paper demonstrated that
Si0z2/Kaolinite/Fe203 composites obtained from Sweileh sand
deposits is an effective adsorbent and can be successfully
used as an adsorbing agent for the removal of Pb(II), Cd(II)
and Cu(Il) ions from aqueous solutions. The thermodynamic
parameters, AHe, ASe, and AGe values of metal ions adsorption
onto composites showed the endothermic heat of adsorption,
favored at high temperatures. The positive values of ASeo
revealed an increase in randomness of the solid-solution
interface during the adsorption of metal ions. Regression
coefficient R?2 were found to be more than 0.9999 revealing
the best fit for the adsorption data by the Langmuir isotherm
model. The SiOz/kaolinite/Fe203 compared favorably with
different adsorbents.
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