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ABSTRACT

This article deals principally with the evaluation of the Late Cretaceous — Early Paleogene
claystones accumulated under different environmental regimes in the synthesis of zeolite minerals.
The studied claystones were accumulated under fluviatile, tide and open marine conditions. XRD of
the bulk claystone samples collected from the different environmental settings indicated that these
claystones are composed of quartz, smectite, kaolinite and calcite. Hydrothermal treatment of the
raw material with NaOH at 80°C and 160°C led to the formation of faujasite and sodalite
respectively which were verified by XRD, SEM, FT — IR and nitrogen sorption methods. Faujasite
and sodalite have revealed enormous removal capacity of heavy metals from the prepared slandered
solution polluted by Co, Pb, Cd, Zn and Cu and organic matter (methylene blue dye). Generally,
their propensity for the removal of heavy metals is higher than the organic matter. The former
reaches up to 99.9% whereas, the second one reaches up to 75.5%. Moreover, there is no significant

variation in the removal capacity between faujasite and sodalite.

INTRODUCTION

Water pollution (heavy metals and organic matter) is one of the most important environmental issues in
the developing countries which represents a real challenge facing modern society leads to ecological imblance
and health hazard. Discharge of heavy metals via different sources (mining activites, industries and
irrigation) especially in the areas with limited water sources as in our case is quite normal. The heavy metals
pollution of drinking water with Co, Pb, Zn, Cd and Cu can lead to serious human health hazards through

the food chain which can harm the whole biological environment (Hafiza et al., 2015).

The admissible limits of the heavy metals concentarion in the drinking water show a slight variation
between World Health Organization (WHO), the U.S. Environmental Protection Agency (USEPA) and the
European Union (EU) (Table 1). Increasing the metal ion concentrations above the recommended levels
convert such ions into a toxic element in the body (Manohar et al., 2006; Sen & Gomez, 2011). In the recent

years, porous materials attracted wide attention as efficient adsorbent materials for water contaminants as
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they are characterized by high specific surface area, large pore volume, facile mass transportation, active
adsorption sites and high cation exchange capacity (Rhaiti et al., 2012; Chowdhury & Naskar, 2016).

Table 1: Drinking water guideline standard concentration for heavy metals set by the World Health
Organization (WHO), the U.S. Environmental Protection Agency (USEPA) and the European Union (EU)

Environmental
Guideline value European Union
Contaminant Unit Protection Agency
(WHO) (EV)
(USEPA)

Pb 10 15 10
Zn 3000 5000 5000
Cd ua/l 3 5 5
Cu 2000 1300 2000
Co 50 100 B —

— Not determined

Most of the previous studies carried out in Egypt were addressed to use the kaolin of Sinai as a raw
material for the synthesis of zeolites. Synthesis of zeolites using different claystone varieties that were
accumulated under different environmental settings at the Quseir area (Fig.1) is the goal of the present study.
In this context, it is worthy to mention here that the study area received seasonally a plenty of rainfall and
torrents (550 m*/ year) in addition to mining activities, therefore the groundwater is expected to be polluted.
Accordingly, this area represents a real chance to check the capabilities of the prepared synthetic materials
for the removal of pollutants (heavy metals and organic matter).
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1. GEOLOGICAL BACKGROUND

The Late Cretaceous — Early Paleogene sedimentary package exposed at the Quseir area is represented by
siliciclastics, phosphorites and carbonates (Fig.2). This sequence starts at the base with the Nubia Sandstone,
followed upwards by the Quseir Formation, Duwi Formation, Dakhla Formation, Esna Formation and finally
capped with the Thebes Formation (Said, 1990). Such succession could be subdivided into distinctive sixteen
sedimentary facies (F; — Fi5) and was accumulated under different environmental regimes which can be
subdivided, in a broad sense, into: fluviatile sediments (F,&F>,), tidal flat sediments (F; — F¢) and open marine
sediments (Fy — F). Three field visits to the Quseir area, in particular, G. Duwi and Zug EI- Bohar were
successfully done to achieve detailed field studies and to collect the samples required for the synthesis of
zeolites. Detailed description of the sedimentary facies documenting all the characteristics of lithology,
geometry of sedimentary structures which can aid in determining the sedimentary processes that dominated
during the time of deposition and thus the interpretation of sedimentary environments is included in the
M.Sc. thesis of Dardir (in preparation). The different lithologies within each rock unit forming a rhythmic

pattern of cycles, finning or coarsening upwards (Fig.2).

2. HISTORICAL BACKGROUND

The term zeolite was extensively introduced in the scientific articles and theses since the work of the
Cronstedt (1756). Zeolites are microporous crystalline hydrated aluminosilicates characterized by a three —
dimensional network of tetrahedral (Si, Al) O,that form a system of interconnected pores (Ltaief et al., 2015).
Synthesis of zeolites can be prepared from a number of source materials. Clay mineral is one of the most
often used for this purpose (Novembre et al., 2004). The first laboratory synthesis of zeolites dated back to
Deville (1862). He synthesized Levynite by heating potassium silicate and sodium aluminate in a glass
ampoule. Barrer (1938) successfully synthesized Chabazite and Mordenite, leading to inspiring periods of
zeolite synthesis in the search of new approaches for the separation and purification of air (Flanigen, 2001).

Until now about 150 synthetic zeolites and more than 40 natural mineral species were recorded.

221



Assiut University Center for Environmental Studies-Egypt

gl Mg
P Lithologiclogs
AR
2 E 0le
HHEE: . _ Symbology
q
Aele| d G Duni ug I Bohar S
L imestone yith
0 Lo LTt noduls
N HE= E Chalky lmestone
1 :1 ¢
Al | g Thebes
| . = g
)| | B= -
¥ ;
e E_ g s (lauconite
0] m A Y
ik k
o | |
— (Orter imestone
T
_TTL,I_MarI
§i1 =
[
il
oTh Phogphrics
E (R (LA 1 p
| o ks "
; - Shals ihrombands
| = [}
S& é E 4 % e
g = 0 v wua Muddy sandslone
Y : B " i v e being
i g : =
= 1 —
g £l B —]
' Z N | I = Claystone
i 8 — —
f EE - v
g =7 kel
A A ‘gﬁ b e Silstone
= " oo
I | mo
i3 oo | Panar cross-bedded
; N ﬂsandslonc
EX
oo | TH0Ugh cros-hedded
o sandstone
E ]

Fig.2. Sedimentary facies evolution of G. Duwi and Zug El — Bohar localities, Quseir area
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4. MATERIALS AND METHODS

Fourteen claystone samples selected from the collected ones were used in the synthesis of
zeolites, one sample belonging to fluviatile sediments (Nubia Sandstone), eight samples belonging to
tidal flat sediments (Quseir Formation) and five samples picked out from the open - marine system
(Dakhla and Esna formations). These samples were investigated using XRD to explore their

mineralogical composition.

XRD has revealed that the claystone samples belonging to the Nubia Sandstone are composed
of kaolinite and quartz (Fig.3). The claystone samples of the Quseir Formation have demonstrated
the existence of smectite, Kaolinite and quartz (Fig.4). Examination of Dakhla and Esna formations
samples show that smectite, kaolinite, quartz and calcite are the encountered minerals composing the

scanned claystones (Fig.5).

The major constituents of the utilized claystones were analyzed by XRF and the results are
given in Table 2. The molar Si/Al ratio was calculated to shed light on their importance for the
evaluation of the product zeolite types. The marine claystones are usually enriched in heavy metals
compared with the fresh ones due to their variable sources (internal and external) during their
deposition. Therefore, someone can thinking on the release of some heavy metals from the raw
materials used in experimental work. To be sure about that 0.025g of the raw material was added to
50ml. distilled water and stirred for 1 h. The concentration of Cd, Co, Cu, Pb and Zn in the solution
were measured using Inductively Coupled Plasma Emission Spectrometer (ICP 6200), at Assiut
University. The concentration of Cd, Co, Cu, Pb and Zn were found to be less than 1 ppm, which

confirmed that nothing could be add from the utilization of the raw materials to the experimental

work.
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Fig.3. XRD of bulk claystone, sample 3, F;, Nubia Sandstone, G. Duwi
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Fig.4. XRD of bulk claystone, sample 9, Fs., Quseir Formation, G. Duwi
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Fig.5. XRD of bulk claystone, sample 18, Fy,-F4;, Dakhla Formation, G. Duwi
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Table 2: Results of chemical analysis

Si/Al Molar
Samples/oxides SiO, TiO, Al,O3 Fe,0;  MnO MgO |CaO Na,O |[K,0 P,0s H,0" TOTAL
ratio
6 48.569 1.187 17.39 14.708 D.023 B.351 |7.588 P.632 p.071 B.858 D.446 99.826 2.37
§
S 7 63.618 1.311 19.01 5.812 D.008 B.373 [2.834 [..226 [L.935 D.058 P.474 99.659 2.85
: §
L g
Z 3 10 66.83 1511 19.292 | 5.737 P.011 B.029 [0.005 D.929 [L.466 D.072 P.457 99.339 2.95
=]
12 68.608 0.802 11.334 6.54 D.027 (3.42 3.476 D.622 [..781 p.485 P.387 99.481 5.15
17 44.461 0.717 21.723 5.93 [0.02 P.003 p2.046 D.915 [L.082 P.611 [L.013 100.522 1.74
R
§
I ,§ 19 45.411 0.88 25.992 | 8.386 [.123 |1.98 |4.778D.805 P.862 P.358 |0.89 100.466 1.49
s g
_§ B
a8 g 24 38.314 0.642 17.988 | 6.015 P.019 |2.59 p1.334D.671 D.306 |0.94 [..251 100.069 181
26 50.397 0.725 19.948 | 6.562 ].015 B.208 |5.344 [L.807 [L.133 P.421 P.723 100.283 2.15
k]
8 27 25.704 0.353 9.947 3.05 P.012 [.893 p5.694 D.383 .062 [L.174 [L.169 99.441 2.20
; §
w i
g § 29 35.05 0.59 17.568 | 6.933 |0.02 P.188 p4.378 [L.163 D.919 P.405 [..153 100.366 1.70
w
§
é. 30 47.482 0.522 14.492 | 4.336 [.021 #.768 p5.039 [L.384 .894 .219 [L.164 100.321 2.79

For the location of the analyzed samples see Figure 2

5. EXPERIMENTAL

5.1. Optimal synthesis of zeolites

Synthesis of zeolites was achieved following Rios et al (2009) where the powdered samples (<

250 mesh) were sieved to remove the oversize particles. The fraction (< 62 mm) was treated by H,O,

and diluted HCI to remove the organic matter and carbonates respectively. The prepared samples
were washed by distilled water and dried at 100 °C and then heated at 650 °C for 4h. Subsequently,
10 g from each sample added to 12 g NaOH and heated at 650 °C for 4h. Additionally, 8.8 g from

each one added to 43ml of distilled water on teflon crucible and stirred for 2h and leaved it

overnight. Teflons were placed on the oven for 48h at 80 °C, 100 °C and 160 °C. Finally, the samples

filtrated, washed with distilled water to pH lower than 11 and dried at 60 °C. The prepared synthetic

materials were characterized in terms of XRD, SEM, FT - IR and Surface area properties at Assiut

University.
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6. CHARACTERIZATION OF ZEOLITES
6.1. X-ray diffraction (XRD)

The synthesized materials were scanned between 4-60° 20 using XRD equipment. The obtained
results has revealed a marked variation on the XRD lines between the treated samples at 80 and 160°
C. The treated material at 80° has illustrated a well prominent intense main peak at 6.2 20 (Fig.6).
The secondary peaks occur at 15°.16 20, 18°.64 20, 20°.30 20 and 23°.58 20. These peaks specifying
faujasite mineral. In contrast, the samples treated at 160° have revealed distinctively different XRD
lines. Where, the main peak was encountered at 24°.65 20. 14°.16 20, 35°.13 20 and 31°.99 20 are the
secondary peaks characterizing the second materials. The resultant peaks match well with the
sodalite mineral (Fig.7). The crystallite size of both faujasite and sodalite minerals were calculated
applying Scherrer’s formula; D = 0.9/ W Cos0; where W is in radians, 0 is the Bragg’s angle, A is
the X-ray wavelength (CuKa = 0.15405 nm). 21.85 nm and 18.14 nm are the crystallite size of

faujasite and sodalite respectively (Table 3).
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Fig.6. XRD of the synthesized faujasite, sample 6, Fs-Fg, Quseir Formation, G. Duwi
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Fig.7. XRD of the synthesized sodalite, sample 18, F1o-F;1, Dakhla Formation, G. Duwi

Table 3. Average crystallite size of the synthesized zeolite minerals based on XRD results

Zeolite mineral Crystallite size
Faujasite 21.85 nm
Sodalite 18.14 nm

6.2. Scanning Electron Microscope (SEM)

To study the morphology of the synthesized zeolites, small part of the prepared materials were
mounted on the SEM holders and coated with evaporated thin carbon films, examined and
photographed using the Scanning Electron Microscope at Assiut University. Well crystallized
octahedral shape (Fig.8 A) and thread - ball like and armadillo — like particles (Fig.8 B) were
encountered in the examined samples. The former one characterizes faujasite mineral (Rios et al.,

2009), whereas, the second one characterizes sodalite mineral (Hums, 2017).
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Fig.8. SEM of octahedral faujasite (A) and thread - ball like and armadillo — like particles of sodalite (B), F1o- Fi1,
Dakhla Formation, G. Duwi

6.3. Fourier — transform infrared (FT-IR) spectroscopy

The synthesized samples were subjected to FT — IR examinations with a Nicolar spectrophotometer
(model 6700) FT-IR equipped with data station. Dried samples of about 20 mg were mixed with 100 mg of dry
spectral grade KBr and pressed into disk under hydraulic pressure. FT — IR of the first synthesized zeolites
indicates well prominent absorptions at 459, 500, 668, 748, 977, 1655 and 3466 cm™ (Fig.9 A). These data fits
well with the results of faujasite recorded by Thuadaija and Nuntiya (2012). The 979 cm™ band is due to the
Si-O-Al antisymmetric stretching vibration mode of T-O bands (where T = Si or Al) (Joshi et al, 2003 and
Mozgawa, 2001). FT — IR of the second synthesized material shows well marked bands at 463, 665, 736, 977,
1653 and 3502 cm™ (Fig.9 B). These results coincide with those reported for sodalite (Henderson & Taylor,
1977).
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Fig.9. FT- IR of synthesized faujasite (A) and sodalite (B)
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6.4. Surface area properties

Nitrogen adsorption — desorption isotherms were measured using liquid nitrogen at -196°C by the
Quantachrom Instrument Corporation, USA (Model Nova 3200). Test samples were thoroughly out
gassed for 2h at 250 °C. The porosity of the prepared synthetic materials were determined from the
desorption curve using Nova enhanced data reduction software (Version 2.13). The obtained results
have revealed that a well marks difference between faujasite and sodalite was found. The former has
surface area about 401 m?g, whereas the second reaches up to 70 m%g (Table 4). Ltaif et al (2015)
mentioned that the surface area of faujasite synthesized from clays is 360 m%g. Golbad (2016)
studied the sodalite synthesized from fly ash and reported that the surface area of it is 40 m%g. The
average pore diameter of faujasite was found to be less than sodalite (Table 4).

Table 4. Results of surface area of faujasite and sodalite

2 Total pore volume Average pore

Sample Seer (M'/9) (CClg) x 10 2 diameter (A)
Faujasite 401.9 41.6 41.4
Sodalite 70.6 15.3 86.8

6.5. Preparation of contaminated water

To prepare the contaminated water, standard solutions (10 mg/l, 20 mg/l, 30 mg/l, 40 mg/l, 50
mg/l, 60 mg/l, 80 mg/l, 100 mg/l) of Copper (Cu®"), lead (Pb*), Zinc (Zn**), Cadmium (Cd**) and
Cobalt (Co®") were prepared and mixed with deionized water in 1 L glass container. In addition,
standard solutions (10 mg/l, 20 mg/l, 40 mg/l, 60 mg/1,80 mg/1,100 mg/l) of methylene blue dye were
also prepared. To ensure that the contaminants remained solutions, the mixed solution was
continuously stirred. The pH of the contaminated water was adjusted to a value of 4 using NaOH and
HNO,.

7. REMOVAL OF WATER POLLUTANTS

7.1. Removal of heavy metals and organic matter (methylene blue dye)
The uptake of Zn, Co, Cu, Cd and Pb and methylene blue dye was studied by using faujasite and

sodalite in terms of contact time, adsorbent dosage, pH and initial concentration.
7.1.1. Effect of contact time

Two stages of heavy metals adsorption by faujasite and sodalite were observed (Fig.10 A& B).
The first stage reflects rapid and sharp increases of uptake with increasing contact time followed by
the second one until the reaction reaches the equilibrium stage. Such behavior may related to the
decreases of the number of the adsorption active sites due to their saturation with the pollutant ions
with time (Seliem et al., 2016; Shaban et al., 2017). The obtained results have revealed that the

removal percentage of the studied metal ions by the synthesized materials follows the order:
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This order of removal is consistent with increasing the ionic radius of the metal ions Pb?* (1.19A),
Cd?* (0.95A) and Cu?* (0.73 A). The similarity in the ionic radius of Co (0.70A) and Zn?* (0.74 A) shows
no perfect arrangement. The same behavior of adsorption was observed using the polluted water with

organic matter (methylene blue dye) (Fig.10 C).
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Fig.10. Removal of heavy metals using synthesized faujasite (A) and sodalite (B) and methylene blue dye (C)
from the polluted water as a function of contact time
(ge = the amount of adsorbed heavy metals or dye)

7.1.2. Effect of adsorbent dosage

The dependence order of Pb?" > Cd*" > Cu®" > Co?" > Zn*" metal ions on the adsorption capacity was
studied at different dosage of faujasite and sodalite (Fig.11 A& B). The adsorption of heavy metals
increases with increasing adsorbent dosage which reached to the maximum removal percentage (more
than 99%) by using faujasite and (more than 99%) for (Pb?*, Cd** and Cu®") by using sodalite. Less
adsorption of Co* and Zn?* by sodalite (about 80%) was noticed.

The removal of methylene blue dye using the synthesized faujasite and sodalite increases as the
dose increases to 0.2 g which reached to 75% by using faujasite and 46% by using sodalite (Fig.11 C).
Furthermore, a marked decline in the adsorption efficiency was noticed which may be related to the
effect of zeolites on the pH value of the solution (cf. Polatoglu, 2005; Abudaia et al., 2013).
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Fig.11. Removal of heavy metals using synthesized faujasite (A) and sodalite (B) and methylene blue dye (C)
from the polluted water as a function of adsorbent dosage
(Ro = adsorption percentage of heavy metals)
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7.1.3. Effect of pH

The effect of pH on the removal percentage of Zn?*, Co?*, Cu®*, Cd*" and Pb* was studied using the
synthesized faujasite and sodalite between appropriate pH values. The obtained results are illustrated in
Figure 12 A& B. The optimum pH value required for the maximum removal was found to be around 5 for
faujasite and 7 for sodalite. Also, the optimum pH value required for the complete of methylene blue dye

was found to be around 7 by using faujasite and sodalite (Fig.12 C).

120 120 60
100 { |25
o 100 50
-
80 |==s
’ 5 40
< 60 e 60 .
) °s % 30
€ 4 Z 4 &
20 20 20
0 0 10
. 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
pH pH pH

(A) (B) (©
Fig.12. Removal of heavy metals using synthesized faujasite (A) and sodalite (B) and methylene
blue dye (C) from the polluted water as a function of pH

7.1.4. Equilibrium studies

7.1.4.1. Effect of initial concentration

The relationship between adsorption of the dissolved heavy metal ions with different initial
concentration by using faujasite and sodalite are illustrated in Figure 13 A & B. The adsorption curves
of heavy metal ions show that the adsorption capacity increases with increasing initial concentration
until reached to the optimum conditions which after that the curves appear to be constant or slightly

increased. The same behavior with methylene blue dye was also observed (Fig.13 C).
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Fig.13. Removal of heavy metals using synthesized faujasite (A) and sodalite (B) and methylene blue dye (C)
from the polluted water as a function of initial concentration
(9. = uptake capacity per unit mass at equilibrium mg/g)
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7.1.4.2. Isothermal studies

Two isothermal models were applied herein to study the behavior of heavy metals and organic
matter (methylene blue dye) using faujasite and sodalite. The first model is Langmuir isothermal model
which was used to describe the adsorption system occurring in monolayer and homogeneous active
adsorption sites (cf. Seliem et al., 2016). Moreover, the adsorption process occurs without interaction

between the adsorbed molecules (Allen et al., 2003). The linear form of Langmuir was represented by Eq
1):

Ce 1 Ce
+

1)

de bqmax 9max

Where Ce is the final concentration of dissolved heavy metal ions in the solution after the
adsorption process (mg/l), ge is the uptake capacity per unit mass at equilibrium (mg/g), dmax is the
amount of adsorbate per unit mass of adsorbent at complete monolayer coverage (m mol/g), and b is the
Langmuir constant (L/mg). Plotting Ce/qe versus Ce by using faujasite and sodalite is shown in Figure
14. The obtained data illustrate very good fitting (correlation coefficient more than 0.9) which show that
the adsorption of heavy metals and methylene blue dye occurs in monolayer form through a specific
homogenous active of adsorption sites in faujasite and sodalite. The parameters of this model were
calculated based on the slope and intercept and listed in Table 5. The calculated maximum adsorption
capacity (Qmaxca) DY Using faujasite are 166.6 mg/g, 163.93 mg/g, 149.25 mg/g, 147.05 mg/g, 169.49 mg/g
and 55.63 mg/g for the uptake of Zn**, Co®*, Cu*, Cd*, Pb®* and methylene blue dye respectively. By
using sodalite the calculated maximum adsorption capacity are 149.25 mg/g, 156.25 mg/g, 144.29 mg/qg,
156.25 mg/g, 144.92 mg/g and 52.63 mg/g for the uptake of Zn*, Co*, Cu*, Cd*", Pb?* and methylene

blue dye respectively.

The dimension less constant or the equilibrium parameters (R.) is one of the most important
parameters of Langmuir model, which reflects the nature of the adsorption process. R, values were

calculated from equation (2) (Lian et al., 2009):
R = 1/(1+bCy) 2)

Where b is the Langmuir constant and C, is the initial concentration of heavy metals ions. The
calculated R, values of Zn?*, Co?*, Cu®*, Cd**, Pb* and methylene blue dye are more than zero and less
than one (0 < Ry < 1). Such result illustrates that the adsorption of heavy metals is favorable by using

synthetic faujasite and sodalite (Table 5).

The second model is Freundlich model (Fig.15) which was used herein to describe the adsorption

process occurring in multilayer (Bagherifam et al., 2014). Freundlich isothermal model was represented
by Eq (3):

Log ge = (1/n) log C. + log K¢ 3)
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Where K¢ and n are the Freundlich constant identified with adsorption capacity and intensity,
respectively. Plotting log q. versus log C. reflects moderately fitting of Zn*, Cd** and Cu®** (0.8 > R*>
0.6) which reflects poor fitting with Pb?*, Co*" and methylene blue dye (0.6 > R? > 0.5) by using faujasite.
High fitting of uptake of Zn®* and methylene blue dye (R? > 0.9) and poorly fitting of uptake Co®*, Cu®*,
Cd** and Pb*" where correlation coefficient (R? < 0.7) by using sodalite. The parameters of this model

were calculated and listed in Table 5.

0.25 0.25
0.20 0.20
0.15 0.15
o (]
o o
< 0.10 < 0.10
] 8
0.05 0.05
0.00 0.00
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
ce (mgfl) ce (mgfl) ce (mgll)
(A) (B) (€

Fig.14. Langmuir isotherm plot for the adsorption of heavy metals onto faujasite (A) and sodalite (B)
and methylene blue dye (C)
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Fig.15. Freundlich isotherm plot for the adsorption of heavy metals onto faujasite (A) and sodalite (B) and
methylene blue dye (C)
(Ce = residual concentration of the dissolved heavy metals ions or dye after the adsorption process mg/l)
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Table 5: Parameters of the studied isothermal models

s
5]
£
S Model Parameters Zn* Co?* cu?® cd** Pb?* Methylene blue dye
E
€
>
w
Qmax (MQ/Q) 166.6 163.93 149.25 147.05 169.49 55.55
b (I/mg) 0.8571 1.22 0.8375 2.266 1.966 0.473
Langmuir model
R? 0.987 0.991 0.995 0.999 0.995 0.972
2
@ RL 0.538 - 0.0115 0.0757 - 0.008 0.1066-0.0117 0.0422-0.004 0.0484-0.005 0.174-0.015
3
w
IIn 0.370 0.301 0.368 0.273 0.321 0.409
Freundlich model Ke 64.12 75.16 57.67 74.64 85.11 17.70
R? 0.718 0.568 0.668 0.772 0.535 0.564
Qmax (MA/Q) 149.25 156.25 144.92 156.25 144.92 52.63
b (I/mg) 0.558 0.914 0.328 16 0.575 0.703
Langmuir model
R? 0.99 0.985 0.909 0.995 0.987 0.995
s
= RL 0.151 - 0.017 0.098 - 0.010 0.233-0.029 0.058 - 0.0062 0.148 - 0.017 0.124 - 0.017
3
IIn 0.403 0.338 0.471 0.283 0.410 0.305
Freundlich model Ke 50.35 65.31 40.83 75.33 49.88 19.67
R? 0.923 0.572 0.556 0.469 0.627 0.968

7.1.5. Kinetic models

Heavy metals uptake was studied by using three kinetic models. The first model Lagergren pseudo—
second order kinetic model. This model described the adsorption process as chemosorption which occur
through sharing or cation exchange between adsorbent and the dissolved heavy metals (Hui et al, 2005).

The linear form of this model was represented in Eq (4):

= — @

qc  kaqe?  q.

Where, g; is the amount of adsorbed heavy metal ions at time t (mg/g) and K, is the rate constant of
pseudo — second order uptake (g/mg min). The linear regression plotting (t/q;) versus (t) for the
adsorption of heavy metals (Pb*, Cd**, Cu®*, Co* and Zn?*") and organic matter (methylene blue
dye) (Fig.16) reflects well fitting of the uptake results with the determination coefficient (more than
0.9). Different parameters using the kinetic models of the heavy metals based on the slope and
intercept were calculated and listed in Table 6. The calculated theoretical g, values are 15.62 mg/g,
33.33 mg/g, 35.71 mg/g, 40 mg/g and 40 mg/g for the uptake of Zn*, Co*, Cu®*, Cd*, Pb** and

methylene blue dye respectively by using faujasite.
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While gecq values are 37.03 mg/g, 32.25 mg/g, 38.46 mg/g, 37.03 mg/g and 40 mg/g for the
uptake of Zn?*, Co*, Cu®*, Cd*, Pb*, and methylene blue dye respectively by using sodalite. The
matching between the estimated experimental uptake equilibrium values and the theoretical
calculated ones reflects the fitting of the adsorption results with Lagergren pseudo — second order
kinetic model (cf. Seliem et al, 2016).

The second model applied herein is the intra-particle kinetic model which deals the transportation of
the dissolved ions from the prepared solutions to the synthetic materials followed by intra-particle
diffusion/transport process (Demiral and Giindiizoglu, 2010; Shaban and Abukhadra, 2017). The

linear form of the intra-particle diffusion kinetic model was represented in Eq (5):

1
q: = Kpt2 + C (5)

Where, K, is the rate constant of the intra-particle diffusion model (mg/g™ min?) and C is the
intercept which related to the thickness of the boundary layer. Plotting of g, versus the square root of
time was shown in Figure 17. The uptake curves by using both synthetic faujasite and sodalite show
more than one adsorption step don’t pass through the origin. Thus, the process of uptake of dissolved
ions are controlled by more than one uptake mechanism (Katal et al., 2012; Seliem et al., 2015). The
last model Elovich kinetic model which is used herein to describe the second order Kinetics if the
adsorbent surface is energetically heterogeneous (Wu et al., 2009). The linear form of this model was

represented in Eq (6):

1 1
q. =g (« ) +3 In(D) (6)
Where « is the initial adsorption rate (mg/g min) of contact time t = 0 min and P is the extent of

surface area coverage and activated energy (g/mg).

Plotting of g versus In(t) is shown in Figure 18. The parameters of this model o and p were
calculated and presented in Table 6. The results of heavy metals adsorption show high and medium
fitting with model (R? > 0.7, R* > 0.8, R? > 0.9) by using faujasite and sodalite. This indicates the
energetically heterogenous surface for adsorption of faujasite for Zn?* is higher than the uptake of
Cu?", than the uptake of Cd* than the uptake of Co®" than the uptake of Pb*. In addition, it
indicates the energetically heterogeneous of sodalite surface for the adsorption of Cu?* is higher than
Co?* than the uptake of Cd?* than the uptake of Pb?" than the uptake of Zn®*. The behavior of
methylene blue dye using both synthesized faujasite and sodalite show high fitting with model (R? >
0.9).
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Fig.16. Pseudo-second order kinetic model for the adsorption of heavy metals onto faujasite (A) and sodalite (B)
and methylene blue dye (C)
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Fig.17. Regression analysis based on intra-particle diffusion model for the adsorption of heavy metals onto
faujasite (A) and sodalite (B) and methylene blue dye (C)
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Fig.18. Predictions of the Elovich equation in the adsorption of heavy metals onto faujasite (A) and sodalite (B)
and methylene blue dye (C)
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Table 6: Parameters of kinetic models

Lo
2g Model Parameters zn?* co* cu* cd* Pb** Methylene blue dye
€<
A E
K; (g/mg min) | 1.4 x 1073 7.34 07x103 | 04x10° | 1.3x10° 0.235x 10
Pseudo — second order Qe .cal (MY/Q) 15.62 33.33 35.71 40 40 22.72
@ R? 0.993 0.980 0.991 0.978 1 0.958
g
>
$ B (mg/g) 0.4 0.25 0.23 0.17 1.02 0.216
Elovich model « (mg/g min) 1.52 14.98 20.14 4.90 1.46 0.289
R? 0.952 0.859 0.918 0.869 0.777 0.953
Ky (g/mgmin) J 01x102% | 1.1x10° | 07x107°% | 04x10° | 15%x10°73 0.303x 10
Pseudo —second order § .. (Mg/g) 37.03 32.25 38.40 37.03 40 21.27
° R? 0.908 0.995 0.994 0.981 1 0.963
2
=}
3 B (mg/g) 0.16 0.373 0.20 0.20 0.76 0.228
Elovich model o (mg/g min) 0.65 286.45 13.12 6.57 5.63 x 10%° 0.331
R? 0.818 0.902 0.953 0.897 0.826 0.953

8. SUMMARY AND CONCLUSION

The studied claystones were deposited under variable environmental settings ranging from the
continental to open marine environments. Although the investigated samples have different
mineralogical composition, nothing has been observed concerning the nature of the synthesized
materials. Faujasite and sodalite were synthesized from all the studied samples irrespective of their
environmental conditions. Si/Al ratio has no impact on the zeolite mineral type. No claystones of
specific sedimentary environment or area needed for the synthesis of zeolites. Therefore, it is not so
important to use the kaolin of Sinai or Kalabsha for the synthesis of zeolites. Faujasite and sodalite
have revealed enormous removal capacity of heavy metals (Pb, Co, Cu, Cd and Zn) and organic
matter (methylene blue dye). The competition between Pb, Zn, Co, Cd and Cu for surface sites onto
zeolites was depended primarily on the characteristics of the metal ions and nature of the substrate
(crystallinity, morphology and surface area). The maximum uptake of heavy metals reaches up to
99.9%, while the organic matter reaches up to 75.05%. Faujasite and sodalite behave similarly
concerning the removal of Pb, they have the ability to remove it at lower experimental condition (pH
4, time 120 min). Faujasite has the capacity to remove Cd, Cu, Zn and Co at lower condition also (pH
4,5, time 120, 360 min). Sodalite, in contrast, required higher experimental conditions for the

removal of Cd, Cu, Zn and Co, it removes these metals at pH 4, 7 and time 120, 480 min. A marked

237



Assiut University Center for Environmental Studies-Egypt

variation in the uptake of organic matter between faujasite and sodalite was noticed. The former
removes about 75.05%, while Sodalite removes 46.7%. The adsorption pseudo — second order

isothermal and kinetic models data fitted well the Langmuir and Freundlich.
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