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ABSTRACT

Groundwater is an important source of freshwater in Egypt. With growing populations and human
activities in Egypt, the demand for groundwater has increased. In this study, sodalite was succes-
sively synthesized from low-cost natural clay materials (kaoline) and white sand using the fusion
with the NaOH method. The conditions of hydrothermal crystallization (zeolitization) were found
at a temperature of 170°C, and a time span of 72 h for raw material. Sodalite has been character-
ized by X-ray diffraction, scanning electron microscopy, Fourier transform infrared spectroscopy,
and differential thermal analysis/thermogravimetric analysis. Sodalite was tested as adsorbents
for reducing a variety of salinity total dissolved solids with Na cation from groundwater of Wadi
El-Assiuti, Egypt. Batch experiments were carried out to investigate the effects of some parameters
(dosage of adsorbent, pH, temperature, and contact time) on both salinity and the Na* ion adsorp-
tion. The results showed that sodalite has a good efficiency in the removal of salinity and the Na*ion
with concentrations up to 6,000 and 1,320 ppm respectively. The percent adsorption was evaluated
with changes in the previous parameters for different concentrations of Na'* ion. The Langmuir
constants model for Na'* ion sorption on the adsorption isotherms is fitted well. The R, value in the
present investigation at concentration 1,320 ppm was less than one, indicating that the adsorption
of the metal ion by sodalite is favorable. Freundlich adsorption isotherm is also adapted in the case
of sodalite (R?=0.7) for Na* ion.

Keywords: Sodalite; Kaoline (sand); Hydrothermal reactions; Zeolite; Clay; Groundwater;
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1. Introduction

Groundwater is an important source of freshwater
stored in aquifers. Aquifers are permeable, pervious, and
porous rocks with connected pore spaces that allow water
to flow through them. Aquifers can either be confined or
unconfined. Depending on the rock type and formation,
groundwater is found in the ground within the depth of
100 m and in some places up to 1,000 m deep. Groundwater
quality assessment examines “the chemical, biological and
physical qualities of the water”, including temperature,
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turbidity, color, taste, and odor [1]. But the major concerns
are usually with the chemical and biological parameters
and their health implication on the environment. A great
percentage of people worldwide use this source of water
for their agricultural, domestic, and industrial purposes [2].
Variation in groundwater chemistry is mainly a function
of the interaction between the groundwater and the min-
eral composition of the aquifer materials through which it
moves. Hydrochemical processes, including dissolution,
precipitation, ion exchange, sorption, and desorption,
together with the residence time occurring along the flow
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path, control the variation in the chemical composition
of groundwater [3].

Salinity is a term used to describe the amount of salt
in a given water sample. It usually is referred to in terms
of total dissolved solids (TDS) and is measured in milli-
grams of solids per liter (mg/L). Water with a TDS concen-
tration greater than 1,000 mg/L commonly is considered
saline. This somewhat arbitrary upper limit of freshwater
is based on the suitability of water for human consump-
tion. Although water with TDS greater than 1,000 mg/L is
used for domestic supply in areas where the water of lower
TDS content is not available, water containing more than
3,000 mg/L is generally too salty to drink. [4]. Desalination
is a water treatment process that removes salts from water.
Desalination presents the possibility of providing freshwater
not only from the ocean but also from saline groundwater.
“By 2020, desalination and water purification technologies
will contribute significantly to ensuring a safe, sustainable,
affordable, and adequate water supply for our nation.” [2].

Various technologies have been used to remove TDS
from groundwater, including reverse osmosis, ultrafiltra-
tion, ion exchange, ion-exchange-membrane bioreactors,
catalytic reduction, electrodialysis, activated carbon, land
disposal, chemical denitrification, and microbiological treat-
ment [5-7]. Sodium (Na") is the most important and abun-
dant of the alkali metals in natural waters to which the
salinity of the groundwater is directly related. Sources
of sodium (Na*) are halite (NaCl), sea spray, hot springs,
brines, and some silicates or rare minerals such as nahco-
lite (NaHCO,). In groundwater source of sodium content
is greatly dependent on the rock type of aquifer. Its con-
centration of more than 50 ppm makes the water salt taste
and causes health problems it may affect the taste of drink-
ing water at levels above 200 ppm [8].

Zeolites are crystalline hydrated aluminum silicates
with a framework structure containing pores that are occu-
pied by water and by alkali and alkaline earth cations.
[9]. The structures of zeolites consist of three-dimensional
frameworks of SiO, and AlO, tetrahedra. The aluminum ion
is small enough to occupy the position in the center of the
tetrahedron of four oxygen atoms, and the isomorphous
replacement of Si* by AI** produces a negative charge in the
lattice. The net negative charge is balanced by the exchange-
able cation (sodium, potassium, or calcium). [10]. These
cations are exchangeable with certain cations in solutions
such as lead, cadmium, zinc, and manganese. The fact that
zeolite exchangeable ions are relatively innocuous (sodium,
calcium, and potassium ions) makes them particularly
suitable for removing undesirable heavy metal ions from
industrial effluent waters. [9].

Sodalite, is a rich royal blue tectosilicates mineral
[Na,(AlSiO,),Cl], can be defined as a crystalline micropo-
rous material whose structure is characterized by a tetra-
hedral network displaying enclosing voids of at least 2.5 A
in diameter. The extreme similarity of sodalite with low
silica zeolitic minerals (i.e., Na-X, Na-P, Na-A zeolites)
justifies the great interest in sodalite synthesis processes,
carried out at industrial scale not only to investigate the
crystal structure of the mineral, but especially to explore
its properties in environmental fields like wastewater puri-
fication through cationic exchange processes, molecules

absorption etc. Sodalite is a rich royal blue tectosilicates
mineral widely used as an ornamental gemstone. The
aluminosilicate network comprises SiO, and AlO, tetrahe-
drons linked by their corners. By virtue of this structure,
cubic-octahedral cage units are formed. The chemical for-
mula of sodalite is (Nay[(AlSi,O,,)]CL) [11]. Generally,
zeolite minerals are rare in all of the world, therefore over
200 synthetic zeolites have been synthesized either using
chemicals or natural materials. The main objective of this
study focused on utilization of the low cost and abundance
materials such as clay (kaolinite) and sand for synthetic
sodalite and used it to reduce salinity and Na" ion from
natural groundwater from the Wadi El-Assiuti area.

2. Hydrogeological setting of Wadi El-Assiuti

Wadi El-Assiuti is one of the most notable areas of
the Egyptian Eastern Desert. It is the largest and greatest
dry valley that runs in the Sahara Desert for a distance of
about 115 km. Its area represents a segment of the Nile val-
ley in Upper Egypt. It is located on the fringes of the flood
plane east of Assiut city. The area is bounded by latitudes
27° 5'N and 27°20'N and longitudes 31° 10'E and 31° 25'E.
The area is located in an arid region with almost no rainfall.
Temperature varies from 5°C in winter to 45°C in summer.
Several studies were previously carried out in this study
area for dealing with its evaluation of its groundwater
potential. The study area is a rectangular flat area of about
400 km?. It is bounded from the west by the Nile River and
from the other sides by the limestone plateau that is dis-
sected by a great number of wadis. [12-15]. Groundwater in
this aquifer is characterized by freshwater. The salinity from
800 to 1,000 mg/L. The salt assemblages are: Ca(HCO,),,
Mg(HCO,), NaHCO,, NaZSOAL and NaCl which indicate
a clear resemblance to the salt assemblages of surface
water. The study of hydrochemical characteristics in Wadi
El-Assiuti revealed on the high concentration of salinity
and Na*! ion in some studied wells relative to [16,17].

3. Methodology

The raw materials that used in sodalite synthesis were
natural clay materials (kaoline) and white sand (98 wt.%
Si) used as silica source, aluminum solution (4 mg/L) was
prepared also as alumina source and distilled water using
standard purification methods used in the zeolite as a
source of Al and Si. The chemical composition of the raw
material kaolinite are given in Table 1.

3.1. Preparation of aluminum solution [18]

e Dissolved 1 g of Al wire in a minimum amount of
(1+1) HCL.

Adding a small drop of mercury as a catalyst.

¢ Dilute to 1 L with 1% (v/v) HCL.

¢ Filter the solution to remove the mercury.

3.2. Synthesis of sodalite

Sodalite was synthesized through a hydrothermal method
with synthesis conditions. At first, a certain amount of
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sodium hydroxide and sand were mixed and was calcinated
at 723 K for 4 h. To obtain the final batch gel compositions
of 6Na,0:0.75 ALO,:30Si0,:xH,O (x = 710, 780, and 850),
deionized water and kaolin were added to the calcinated
mixture. The gel was then transferred to a stainless-steel
autoclave and stirred on the magnetic stirrer about 1 h after
that transferred to the oven and left to crystallize at 448 K
for 3 d. The product was recovered by filtration, washed
thoroughly with deionized water, and dried at 120°C over-
night. The molar gel composition for sodalite synthesis was
(Nay[(AlSi,0,,)]CL). The structure of the synthetic products
was studied by methods of X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), FT-IR spectroscopy, and
differential thermal analysis/thermal gravimetric analysis
(DTA/TGA) and surface area analyzer, the synthetic zeolite
was identified and characterized by the next measurements.
The X-ray diffract graphs of the raw material and synthetic
zeolite were obtained by using XRD pattern, recorded on
a Philips Expert (30 mA, 40 kV) with CuKa radiation. The
morphologies of the raw material and synthetic zeolite were

Table 1
Chemical composition of kaolinite

Composition Content (wt.%)
SiO, 49.2
TiO, 2.82
ALO, 32.97
Fe,O, 6.82
MnO 0.24
MgO 22
CaO 9.43
Na,0O 0.8
K,0 0.05
PO, 0.13
SO 0.26
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examined by scanning electron microscope (SEM using a
Jeol JSM-5400 LV instrument. SEM sample was prepared
on a copper holder by placing a smooth part of the zeo-
lite powder and then covered with gold—palladium alloy.
SEM images were taken using a Penta Z Z-50P Camera
with Ilford film at an accelerating voltage of 15 kV using
a low-dose technique., Fourier transform infrared spec-
troscopy (FT-IR) spectra were recorded on IR-470, infra-
red spectrophotometer, Shimadzu by using the KBr pellet
technique. TGA and differential thermal gravimetric (DTG)
were carried out in the air with Shimadzu DTG-60 at a heat-
ing rate of 10°C/min.

4. Results and discussion
4.1. Characterization
4.1.1. X-ray diffraction

The identification and characterizations of the raw
material and synthetic zeolite shown in Fig. 2 a 20 range
of 5°-55°. Kaoline is the predominant mineral phase in the
raw material which can be identified by its characteris-
tic XRD peaks at 12.34° and 24.64° 20 (Fig. 2a). However,
minor mineral impurities, such as quartz, illite, musco-
vite, and halloysite, also occur. The X-ray diffractograms
of the synthesized given reflection peaks at 20, 14.097°,
24.438°, 31.752°, 34.765°, and 42.888°, as shown in the
XRD patterns Fig. 2b, which is consistent with that of
the reference for sodalite [JCPDS 81-0705] [19].

4.1.2. Scanning electron microscopy

The morphology of the raw material and synthetic
zeolite were examined as shown in Figs. 3a and b. The
main morphological features observed in the synthesized
analcime from met kaolinite are, solid spherical crystallites
of SOD and residual met kaolinite (Figs. 3a and b) [20-22].

4.2. FT-IR spectroscopy

The characterization of raw material (kaolinite) and syn-
thetic sodalite with transmission FT-IR is described in Table

M 5 [Tl - i
(b) | esererrasap  Hen i m u'y pe
" I _|~ _1
- -'I |
l:';.'
1L
|
[

1| ] I a
"l;:-l:dm -.I. L ‘-é;.h__ '-L,I_. r _\_,-;-‘_"_a .
\ N L Y TR
i \"_‘1|’;}! ! I
o u | :

—

L Shedy orea

Fig. 1. (a and b). Simplified geological and location map of Wadi El-Assiuti.
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Fig. 2. XRD patterns of (a) raw material kaolinite and (b) synthetic sodalite.
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Fig. 3. SEM micrographs of (a) raw material kaolinite and (b) synthetic sodalite.

2, Figs. 4a and b. The characteristic OH-stretching vibrations
of kaolinite band at 3,460.71 cm™. The symmetric stretch
(753-71 em™), double ring vibration (63-44 cm™), T-O bend-
ing modes (44.04 cm™), or the internal linkage vibrations of
TO, (T = Si or Al) tetrahedral and to symmetrical stretching
respectively. The bands at (1,677.26 cm™) are assigned to
the water in the channels of kaoline. FT-IR spectroscopy is
used to probe the structure of the synthesized sodalite and

monitor reactions in zeolite pores. Specifically, structural
information can be obtained from the vibrational frequen-
cies of the zeolite lattice observed in the range between 200
and 1,500 cm™ [23]. In general, each zeolite has a character-
istic infrared pattern. However, some common features are
observed which, include the asymmetric (950-1,250 cm™)
and symmetric stretch (660770 cm™), double ring vibra-
tion (500650 cm™), T-O bending modes (420-500 cm™), and
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Fig. 4. Fourier transforms infrared spectroscopy (FT-IR) of, (a) raw material kaolinite and (b) synthetic sodalite.

Table 2

Fourier transform infrared (FT-IR) spectroscopy of synthetic sodalite

Characteristic band (cm™)

Analysis of bands

3,534.71 (b)
1,644.28 (w)
1,455 (m)

984.52 (m)
669.70-736.80 (s)
467.25- (s)
436.83- (s)

Sodalite

O-H stretching

Bending H-O-H

Na-T stretching

Asymmetric AI-O stretch of sodalite

4 or 6-membered double rings

Symmetric Al-O stretch of sodalite

Sending vibrations of Si-O and Al-O of the tetrahedral

possibly opening modes (400-420 cm™). The FT-IR-spectral
data of the synthesized sodalite is presented in (Fig. 4b). The
double rings (D4R and D6R) in the framework structures
of the zeolitic (500-650 cm™), is near to 669 (s) cm™, which
is characteristics sodalite, [24]. The bands at 467 (s) cm™ of
sodalite, is near the absorption bands within the range 420-
500 cm™ which are related to the T-O-T bending of vibra-
tion mode (T = Al, Si), respectively. These absorption bands
characterizing T-O bending vibrations may be shifted to
lower frequencies due to decreasing Si/Al ratio in the inter-
nal linkage due to the different length of the Al-O and Si-O
bonds. [23,25]. The band 669.70-736.80 (s) cm™ of sodalite is
near from the bands in the range 720-790 cm™ is associated
with symmetric stretching vibration of 4-membered rings.
(Fig. 4b). This band should be assigned to the 4-membered
ring vibrations. Because these rings contain the lowest num-
ber of members of all rings occurring in the zeolite structure,
therefore the bands due to these rings occur at relatively
high wavenumbers in the pseudo lattice band range [26].
The band 1,644.28 (w), of sodalite, is near the bands at 1,647
and 1,648 cm (Lewis sites) region is assigned to the zeolitic
water in the channels of zeolite [27]. The bands at spectra
3,446; 3,460; and 3,482 are attributed to the asymmetric
stretching mode of molecular water coordinated to the
edges of the zeolite channels [28,29] and the band 3,534.71

(b) cm™ of sodalite is near the bands that are attributed to
the asymmetric stretching mode of molecular water coor-
dinated to the edges of the zeolite channels [29]. The bands
that located at the lowest wave numbers 466 and 377 cm™,
are corresponding to the characteristic bending vibrations
carried out in the 4-membered rings (Table 2) [30].

4.3. TGA of the synthesized zeolites

The thermal behavior of synthesized sodalite TGA and
DTG in the air at a heating rate of 10°C min™ are shown in
Fig. 5, while Table 3 gives the temperatures for various per-
centages weight loss. The synthesized product shows up to
three dehydration steps (0%-8% weight loss). The first step
is fast and ranges between 27°C and 152°C; which may be
attributed to a loss of observed moisture and entrapped sol-
vents. The second step is also a fast degradation between
153°C and 423°C. The third step is also fast between 423°C
and 600°C. The position of these DTG peaks and the num-
ber of dehydration steps can be attributed to the different
compensating cation-water binding energies. As well as
to the different energy associated with the diffusion of the
desorbed water through the porous structure of the synthe-
sized product. TGA curves also, showed a small weight loss
in the range 0%—2% starting at 72°C until 152°C which may
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Fig. 5. Thermal analysis of the synthetic sodalite.

Table 3
Thermal analysis of the synthetic sodalite

Type of Temperature (°C) for various percentage
zeolites decompositions*

2% 4% 6% 8%
Sodalite 180 340 360 425

be attributed to a loss of observed moisture and entrapped
solvents [31]. The thermographs of sodalite are given in Fig. 5.

5. Adsorptive properties of the synthetic sodalite
5.1. Batch adsorption studies

A batch adsorption experiment was conducted due to its
simplicity in order to investigate the efficiency of the syn-
thetic sodalite in reducing salinity as well as Na'* jon. [32].

The experiments operated into natural groundwater
samples from Wadi Qena which contaminated by salinity
with concentrations up to 3,200 and 6,080 ppm and Na cat-
ion with concentration up to 1,320 ppm. The uptake of salin-
ity and Na cation onto the synthetic zeolite as a function of
their concentrations was studied at room temperature while
keeping all other parameters constant with respect to dose.

5.2. Removal of salinity and Na* ion from groundwater samples at
Wadi El-Assiuti

The concentration of salinity and Na'* ion in some
groundwater wells from Wadi El Assiuti are high (3,200—
6,080 ppm and up to 1,320 ppm) respectively. The synthetic

zeolites (sodalite) was examined to reduce salinity as
a function of their concentration by using varying TDS
concentration from natural groundwater samples while
keeping all other parameters constant. The time of the
experiment was 1 h, at room temperature and pH of the
solutions, the results are given in Table 4. While reducing,
Na* ion by synthetic zeolite species was studied. at different
pH from 4.5 to 10.5, the time between 1/12 h to 2, varying
adsorbent dose (0.1, 0.2, 0.5, 1.0, and 1.5 g), and at a different
temperature between 25°C and 50°C. The results in Table 4
indicate that the optimum conditions of salinity and Na*
ion adsorption founded at pH 6-6.5 and time at 60 min.

The results in Table 4 indicate the efficiency of the syn-
thetic zeolite (sodalite) in the reduction of salinity and Na*
ion from groundwater samples. Based on the Si/Al ratios,
this synthetic zeolite used is considered as low Si/Al ratios
(<2) these types are possess an open cage within the lat-
tice and a vast network of negatively charged open chan-
nels (accommodating Na* cation) due to presence of the
common oxygen atom between Si and Al tetrahedral [33].
The pores or channels are of microscopically small size as
of molecular dimensions and hence they are also called the
“molecular sieves” which facilitate cation exchange in the
adsorption process [34,35].

5.3. Factors effecting the Na** ion removal

The behavior of the synthetic (sodalite) toward the
uptaking of Na'* ion was studied as a function of adsorbent
dosage, temperature, pH, and contact time.

5.3.1. Effect of dosage

The adsorbent mass in the solution affects the adsorp-
tion process since it determines the availability of active
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Table 4
Salinity and Na* ion removal (%) by the synthetic sodalite

Table 5
Results of different zeolite dosages on the removal of Na* ion

Salinity of Na*ion Salinity removal Na*ion Na'" ion concs. (ppm) Zeolite Na* ions removal (%)
samples (ppm) conc. (ppm) (%) of samples  removal (%) before treatment dosage (g) after treatment
Before treatment (ppm) After treatment (ppm) 0.1 2.8
6,080 1,320 26 39 02 16
3,200 1,806 27.3 39.4 1,320 05 39
3,960 2,100 264 40 ! 78
4,480 1,200 26.1 367 15 66
sites [36]. In order to establish the effect of the adsorbent 80—-
dosage on removal of Na'* ion experiments at concentrations ] -
(1,320 ppm) was performed with adding varying adsorbent 70 \
dose (0.1, 0.2, 0.5, 1.0, and 1.5 g) to 50 mL of the contami- 1 -
. s . 60
nated with fixing other parameters. The experiments were e ]
done at room temperature, constant pH of the solution & 50+
(pH 8-9.5), and contact time (1 h). The results are given in © :
Table 5 and Fig. 6. 2 40'_ .
With concern to Na* ion the rate of removal increases ® 304
rapidly as the dosage of the synthetic zeolites increases E .
until 1 g of adsorbent dosage Fig. 6. This may be attributed z 204 u
to the fact that a large adsorbent amount reduces the unsat- 104 /
uration of the adsorption sites and correspondingly, the ]
number of such sites per unit mass comedown. Decreasing 0+ "

the total surface area is increasing the diffusional path
length, and both contribute to decreasing the amount of
adsorbed per unit mass [37]. This comparatively led to
decreasing adsorption with increasing adsorbent amount.

5.3.2. Effect of pH

Generally, the pH value is a significant parameter
for metal ions removal by using zeolite as well as it can
influence the characteristic of the exchangeable ions [38].
In order to establish the effect of pH on up taking of Na*
ion from groundwater samples, batch equilibrium studies
at different pH values (6-6.5, 8-9, 9-9.5, and 10.5-11) were
carried out. The pHs were adjusted using HCI (0.1 N) and
NaOH (0.1 N). The experiments were done at a constant
dose (0.5 g), room temperature, and 1 h as constant time.
The results are given in Table 6 and Fig. 7.

The results indicate that the adsorption of Na' ion
reached the maximum at pH 6-6.5 and pH 10.5-11 (Fig. 7).
This may be attributed to the fact that at low pH < 6-6.5
the adsorption percentage was low due to increasing of
the positive charge density (protons) on the surface site,
resulting in electrostatic repulsion between Na'* ion and
the edge groups with positive charges (Si-OH)* on the
surface. The loss in the removal capacity at lower pH can,
therefore, be described to be as a result of the collapse of
the zeolite structure. Electrostatic repulsion decreases with
increasing pH because of the reduction of positive charge
density on the edges, thus resulting in an increase in metal
ion adsorption on the surface. While in an alkaline medium,
pH > 7 the surface of zeolite becomes negatively charged
[39]. So that the maximum adsorption of Na'* ion occurred
at pH of 6-6.5 and at pH values higher than pH 9-9.5, which
metal precipitation, occurred, and adsorbent capacity

00 02 04 I 0!6 I 0!8 I 1!0 I 12 14 16 I
zeolite dosage(g)
Fig. 6. Effect of different zeolite dosage on the removal (%) of

Na*ion.

Table 6
Results of pH changes on the removal of Na*ion

Na* ion conc. (ppm) pH Na*ion removal (%)
before treatment after treatment
6-6.5 83
89 41
1,320 9-9.5 39
10-11 78

decreases with an accumulation of metal ion. Finally, it
was noted that an optimum pH of 6-6.5 was selected for
further experiments.

5.3.3. Effect of temperature

The temperature has important effects on the adsorp-
tion process, whereas, an increase in temperature enhances
the adsorption process. [40,41]. Usually, at elevated tem-
peratures the cations uptakes increase due to increased
affinity of the adsorbent (zeolite) for the metal and/or an
increasing the active sites of the solid [42]. stated that,
the energy of the system facilitates the attachment of met-
als on the zeolite surface at higher temperatures. Also,
at higher temperatures ions become smaller due to their
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reduced hydration and their movement becomes faster
resulting in higher removal efficiencies [43]. In order to
establish the effect of temperature on the removal of Na*
ion from groundwater, experiments were carried out at
different temperatures between 25°C and 50°C. With ini-
tial concentrations for Na* ions are 1,320 ppm respectively
and with constant the other factors as in the previous
experiments. The results are given in Table 7 and Fig. 8.
The results showed that the adsorption rates of Na* ion
increase and reached the maximum at a temperature from
30°C to 40°C. With increasing temperature to more than
50°C the adsorption percent decreases. (Fig. 8). This may
be due to change the equilibrium capacity of the adsor-
bent for adsorbate with increasing temperature to 40°C. At
temperature >50°C, partial dissolution of the zeolite may
be caused and led to decreasing the adsorption percent.
This is given a production that the cations sorption onto
the previous zeolites may be an exothermic process. [44].

5.3.4. Effect of contact time

The removal of Na* ion from ground samples in the
study area was studied as a function of contact time. The
time range changes from 0 to 180 min at constant all other
factors. The results are given in Table 8 and Fig. 9.

It is noted from Table 8 and Fig. 9 that removal percent
of Na* ion is increased with increasing time and reached
the maximum at contact time 2 h. With increasing time >2 h,
the ions up taking remain constant. This probably due to the
saturation of the adsorbent surface area after 2 h. The opti-
mum adsorbent dose and varying contact time, it is found
that up to 2 h. And the maximum removal (%) of this ion
is 81% by sodalite as shown in Table 8 and Fig. 9. For the
further optimization of other parameters, the contact time
was considered as the equilibrium time corresponding to
the adsorbent and adsorbate [45,46].

5.4. Adsorption isotherms of Na* ion by synthetic sodalite

The equilibrium adsorption of the Na* ion was carried
out by contacting 0.5 g of the previous synthetic zeolite with

Table 7
Results show the effect of temperature on the removal (%) of
Na*ion

Na*ion conc. (ppm) Temperature (C°) Na'ion removal (%)

before treatment after treatment

20-25 40
1320 30-35 80
! 3540 82
50-55 31
90 -
80 — N
—~ 70
S
T 604
o
IS
[0)
= 50+
+
®
Z 404 o
304 u
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20-25 30-35 35-40 50-55
Tempereture

Fig. 8. Effect of temperature on adsorption of Na* ion by the
synthetic sodalite.

Table 8
Effect of contact time on the removal of Na*ion

Na" ion conc. (ppm) Time Na* ion removal (%)
before treatment (h) after treatment

0 0

1/2 30
1,320 1 40

2 81

3 79

different concentrations 1,320; 1,806; 2,100; and 1,200 ppm
from Na* ion under room temperature, for 1 h and at pH
6-6.5 on the shaker. The mixture was filtered, and the fil-
trate analyzed for the metal ions concentration using AAS.
And the data was fitted into the following isotherms:
Langmuir and Freundlich [47].

5.5. Langmuir and Freundlich

Adsorption isotherm experiments were carried out by
contacting 0.5 g of the synthetic zeolite with 50 mL of ground-
water solution for Na ion treatment at a constant tempera-
ture, pH, and time. The results were fitted with Langmuir,
Freundlich isotherm equations (Tables 9-11 and Fig. 10).
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Based on the data given in Tables 9-11, the plots of
1/g,vs. 1/C,and log gq, vs. log C, of Na* ion were depicted to
show the Langmuir and Freundlich isotherms, respectively
as shown in Fig. 10. The results proved that Langmuir

Table 9

Parameters calculated from Langmuir and Freundlich adsorption

isotherms of Na* ion

G, C, q, Langmuir Freundlich
(mg/L)  (mg/L) (Mg/B) y)c 145 logC, logg
1,320 805 51.5 0.001  0.02 29 1.71
1,806 1,094 712 0.0009 0.014 3.04 1.85
2,100 1,260 84 0.0008 0.012 3.1 1.92
1,200 760 44 0.0013 0.023 2.88 1.6

Table 10

R, values for (Na') ion concentrations
Na* ion concentration (ppm) R, value
1,320 0.0007
1,806 0.0006
2,100 0.0005
1,200 0.0008

Table 11

and Freundlich models were adopted to apply in the
present study to isotherm modeling. Langmuir adsorp-
tion isotherm model is (R?> = 0.9 for Na*), the dimension-
less constant of Langmuir isotherm is called equilibrium
parameter (R)). The values of R, (Table 10) reflected the
nature of the adsorption process. R, >1, R, =1, (0<R, <1),
and R, = 0 for unfavorable adsorption, linear adsorption,

80 .
60 -

40 | |

20

Na+1 removal(%)

04 =

—
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time(h)

Fig. 9. Effect contact time on the removal of Na* ion by the syn-
thetic sodalite.

Linear regression equation’s Langmuir and Freundlich isotherm and constants for adsorption of Na* ion by sodalite

Metal ion Langmuir Langmuir equations
qm (mg/g) KL (L/mg) R2
0.6 - 0.7 Y =0.66X
Na'* Freundlich Freundlich equations
n 1/n K, (mg/g) R?
0.63 1.59 - 0.7 Y =1.59X
1.95 4
0.020 4 (a) - 1.90 (b)
0.018 1.85 n
)
o 1.804
& 0016+ o
g o
- -
1.75
0.014 |
- / 1.70
00124 m
T T T T T T T T T 165 T T T T T T T T T
0.00080  0.00085  0.00090  0.00095  0.00100 2.85 2.90 2.95 3.00 3.05 3.10
1/Ce Log.Ce

Fig. 10. Langmuir and Freundlich isotherm for Na*ion adsorption onto synthetic sodalite.
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favorable adsorption, irreversible adsorption respectively
[48,49]. The results are <1 indicates favorable adsorption.
Freundlich adsorption isotherm is also adapted in the
case of sodalite (R* = 0.7 for Na*). Freundlich constants,
K. and n, calculated at from this investigation, for (Na'*)
ion are 0 and 0.63, respectively for sodalite. Finally it is
noted that value of 1/n for both (sodalite) is above one
indicates cooperative adsorption [50].

6. Conclusion

The ground water samples that collected from Wadi
El-Assiuti — Egypt wells were analyzed to determine the
various physicochemical parameters such as salinity TDS,
Na™ jon. The results revel that high concentration of salinity
and Na*! ion in some studied wells relative to (WHO 2004)
and (A.R.E 2007). In this article, we could successfully syn-
thesize sodalite from low-cost material natural clay materi-
als (kaoline) and white sand using the fusion with NaOH
method. The conditions of hydrothermal crystallization
(zeolitization) were found to be at temperature of 170°C,
and time span 72 h for raw material. The synthetic mate-
rials have been characterized by XRD, SEM, FT-IR, and
DTA/TGA. The synthetic sodalite experiment is to deter-
mine the efficiency of the synthetic zeolites, in reducing a
variety of salinity TDS with Na cation from ground water
of Wadi El-Assiuti — Egypt. Batch experiments were car-
ried out to investigate the effects of dosage of adsorbent,
PH, temperature and time on both salinity and the Na* ion
adsorption. The results showed that the synthetic sodalite
has good efficiency in removal of salinity and the Na* ion
with concentrations up to 6,000 and 1,320 ppm, respectively.
The percent adsorption (%) was evaluated with changes in
the parameters such as, dosage of adsorbent, PH and time
for Na*" ion. And it is found that the maximum removal
ranged from 80%-82% for Na' ion at time 1 h, pH 10-11,
at sodalite dose 10 g/L and temperature 35°C-40°C, respec-
tively. The Langmuir constants model for Na* ion sorption
on the adsorption isotherms is fitted well. The R, value
in the present investigation at concentration more than
1,320 ppm was less than one, indicating that the adsorp-
tion of the metal ion by sodalite is favorable. Freundlich
adsorption isotherm is also adapted in the case of sodalite
(R*=10.7) for Na".
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