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Abstract

In this study, porous zeolite spheres were produced at a low temperature
by a facile and economical method, sol-gel, using a natural zeolite from the
Gordes region of Turkiye and waste soda glass powder. Waste glass powder
was achieved by milling the recyclable waste soda glass bottles to be used
as a source of silica. Elemental analysis of the waste glass was carried out
by using X-ray fluorescence spectrometry. It was determined that Si (57.3
wt. %), Ca (20.9 wt. %), Na (13.9 wt. %), Mg (2.64 wt. %), and Al (1.64 wt.
%) were the major constituents of the waste glass. Three different sphere
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compositions were designed containing 1:1, 3:2, and 7:3 zeolite:waste glass Keywords
ratio. When the zeolite:waste glass ratio was 1:1 oval-shaped green spheres Image J;
were achieved. For the compositions containing 3:2, and 7:3 zeolite:waste Low Temperature
glass ratio spherical green samples were achieved. Prepared spheres were Sintering;
sintered at 300°, 400°, and 500°C for 1 h. It was observed that the samples Porous Ceramic
could not maintain their spherical form when the sintering temperature was Spheres;
lower than 500°C. Scanning electron microscopy investigation of the spheres Sol-Gel;
sintered at 500°C revealed that highly porous zeolite spheres, containing Waste Glass;
pores from ~20 uym to nanometre sizes, were achieved. Image J software Zeolite.
was used to determine effect of composition on the size and size distribution
of the sintered spheres.

Introduction thermal properties.' The production method for the

Porous ceramics have a wide range of industrial  porous ceramic materials varies according to the
applications, such as filtration, absorption, thermal  desired pore size and distribution. Partial sintering,
insulation, scaffolds, and catalyst supports with  sacrificial templating, direct foaming, and the use of
high specific strength, low density, and excellent  pore-forming agents are the standard processing
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techniques that can be used to produce porous
ceramics.?3

Achieving a desired specific pore size that can be
controlled is essential for producing adsorbents.
Besides managing the size of the pore, chemical
groups on the adsorbents significantly affect the
filtration process. Due to strong infrared active
vibration groups, ceramic materials can change
water’s physical and chemical properties. Zeolite
is one of the most widely used materials to remove
impurities in water.

Zeolites are aluminosilicate minerals containing
rich alkali and alkaline earth elements, which can
be produced synthetically and occur naturally in
volcanic regions. More than 40 natural zeolite
minerals were discovered, and the most common
zeolite minerals are clinoptilolite, heulandite, and
chabazite. Also, more than 150 zeolites have been
synthesized.* Zeolites are minerals with a three-
dimensional structure, which have aluminum, silicon,
and oxygen in their lattice structures, channels
containing cations and water in their pores, and
interconnected voids.5 Since zeolites are porous
materials, they are very advantageous for providing
porosity. Zeolites can selectively remove heavy
metals such as lead and cadmium and specific
cations such as ammonia. It also has an excellention
exchangeability to adsorb various ionic substances.®
Due to its unique advantages, zeolites has massive
potential in filtration and purification technologies
and membrane reactor applications. It is known that
natural zeolites have significant potential in water
and wastewater treatment, especially in hardness
removal and heavy metal removal. It is also used
in the energy, agriculture, livestock, and health
sectors.”

The most important and well-known deposits of
clinoptilolite, one of the most common zeolites
in Turkiye, are in Gordes and Bigadic¢ regions.
Clinoptilolite reserves are estimated to be 2 billion
tons in the Manisa Goérdes field, the only zeolite
reserve licensed by the General Directorate of
Mineral Research and Exploration of Tlrkiye.8 It is
reported in the literature that Gordes zeolite is an
ion exchanger suitable for removing heavy metals
and controlling environmental pollution. It has
approximately 9 % more ammonia removal capacity
than Bigadi¢ zeolite.® 1

In recent years, the focus of investigation on water
filtration systems has been on the development
of simple, economical, efficient, and innovative
methods. In the literature, there are many studies
on wastewater treatment; however, there are limited
studies on obtaining potable water from seawater or
achieving tap water. In this context, there is a need
to develop new methods. Currently, using porous
ceramic spheres for water filtration is a unique
system. Many methods are used to produce porous
ceramic adsorbents, but the use of toxic substances
or high sintering temperatures prevents their
use." Lowering the process temperature without
decreasing the mechanical strength is necessary
to develop low-cost ceramic adsorbents.

In the literature, the sintering temperature is reported
as 800-1350°C in studies related to the production of
zeolite-based porous ceramics.'>'* Previous studies
conclude that increasing the sintering temperature
increases mechanical strength. In contrast,
it decreases the water absorbability due to increased
pore size, decreased porosity, and increased
crystallinity of the glass phase.’ A recent study
reported developing zeolite-based porous ceramic
using economic natural zeolite powder with Bi203,
B,O,, and SiO, additives and sintered at relatively
low temperatures (500-600 °C).™ In this study, a
novel approach was applied to produce porous
zeolite spheres. To the best of our knowledge, a
study on the use of waste galss as a source of
sintering additive in zeolite-based porous ceramic
spheres is not available in the literature.

The aim of the current study is to produce porous
ceramic spheres at low temperatures with natural
and local raw materials suitable for recycling.
Ceramic sphere production was carried out by using
sodium alginate with the sol-gel method, which is
economical and easily applicable. The effects of
sintering conditions and chemical composition on the
pore size and distribution of the developed porous
ceramic spheres were characterized.

Material and Method

In this study, zeolite supplied from Gérdes Zeolite
Mining Inc., Turkiye and waste glass powder
achieved via milling waste soda glass bottles were
used as starting raw materials. The obtained waste
glass powder was used as a sintering additive.
Elemental analyses of the starting raw materials
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were carried out by the Rigaku-Supermini model
XRF device. In order to obtain glass powder from
waste soda glass bottles, they were washed and
dried in an oven. Then, they are crushed into coarse
aggregate sizes and ground in a vibratory disc mill
to achieve waste glass powder. Porous ceramic
sphere production was carried out by applying the
sol-gel method using sodium alginate. Initially, a
homogeneous solution containing 2 wt. % sodium
alginate (Katki Dunyasi, Turkiye) was prepared by

mixing in a magnetic stirrer for 24 hours. Then, 150
ml of sodium alginate solution, zeolite, and waste
glass powder were milled by planetary ball milling
at 350 rpm for 30 minutes to obtain a homogeneous
ceramic slurry. Three compositions with different
zeolite/waste glass powder ratios were designed, as
given in Table 1. As a deflocculant, Dolapix CE 64
(1 wt. %) was used to adjust the rheological
properties of the slurry.

Table 1: Designed compositions for the production
of porous ceramic spheres

Composition

Zeolite (wt. %)

Waste glass powder (wt. %)

Z50C50 50
Z60C40 60
Z70C30 70

50
40
30

In addition, an aqueous solution containing 1 wt. %
calcium chloride (Katki Dinyasi, CaCl,) to be used
in the crosslinking process in the ceramic sphere
production process was prepared by magnetic
stirring for 1 hour at room temperature. Then, the

prepared ceramic slurry was added dropwise to the
CaCl, aqueous solution using a 60 ml hypodermic
syringe through a needle under constant stirring at
room temperature. Figure 1 shows a photograph
of the green sphere samples that were produced.

Fig.1:Macroscopic images of a) Z50C50, b) Z60C40, and c) Z70C30 green sphere samples

The produced spheres were then sintered at 300°C,
400°C, and 500°C for 1 hour under atmospheric
conditions. The heating and cooling rates were set
at 10°C/min. Microstructural development of the
sintered sphere samples were examined by using
Carl Zeiss/Gemini 300 model SEM device operating
at an accelerating voltage of 15 kV.

Results and Discussion
The chemical analysis of the starting raw materials
used in this study is given in Table 2. The main

element of the zeolite mineral is silicon, and
also it contains a high amount of aluminium and
potassium. In addition to a significant amount of
iron, calcium, and magnesium elements, it has
also been observed that zeolite contains various
elements (such as sodium, manganese, titanium,
etc.), each below 0.5%. These results are consistent
with those reported in the literature.®'s Clinoptilolite,
a natural zeolite, contains high amounts of potassium
and calcium and low amounts of magnesium and
sodium.® However, the composition, purity, and
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mineralogical properties of clinoptilolite can vary
widely from one deposit to another and even
within the same deposit. Iron content is associated
with impurities such as iron oxide in zeolitic tuffs.?
Natural zeolite is close to the composition of glasses

149

containing alkali and alkaline earth metal cations.®
XRF results revealed that the main element in the
glass powder obtained from waste soda glass
bottles is silicon, which also contains high amounts
of calcium and sodium.

Table 2: XRF results of zeolite and waste glass powder

Element Zeolite (wt. %) Waste glass powder (wt. %)
Si 63.300 57.300
Al 11.200 1.640
K 10.900 0.695
Fe 5.890 0.836
Ca 5.880 20.900
Mg 0.812 2.640
Na 0.537 13.900
Rh 0.507 -

Ti 0.286 0.160
Mn 0.236 -
Cr - 0.923
w - 0.602
S - 0.232

Figure 2 shows the image of Z50C50 samples
sintered at three different temperatures. When
the macroscopic images of the spheres are
examined in Figure 2, it is observed that the
spheres are reduced in size, and the samples are
in different colors depending on the applied sintering
temperatures. It was reported that the dehydration
of the zeolite and the recrystallization process in
which some physicochemical reactions can change

the microstructure may cause a color change in the
sample.'? Samples could not maintain their spherical
form when the sintering temperature was 300°C and
400°C. In addition, it was observed that different
structures were formed on the outer surface of the
spheres. This was attributed to incomplete phase
transitions. For this reason, sintering studies for the
other compositions were continued at 500°C.

Fig. 2: Macroscopic images of Z50C50 samples sintered at a) 300°C, b) 400°C, and c) 500°C

The images of the spheres produced in different
compositions, sintered at 500°C for 1 hour, are given
in Figure 3. Spherical products were obtained for
Z60C40 and Z70C30 samples. However, a few oval-

shaped products were also observed for the Z60C40
sample. Image J software was used to investigate the
size and size distribution of the spheres depending
on the composition. Image processing was carried
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out with 50 randomly selected spheres from each  size of the spheres is less than 2 mm, and 72 % of
composition. Corresponding histograms of the the spheres are in the size range of 1.372-1.564 mm.
images are given in Figure 4. It was determined  For Z70C30, 32 % of the spheres had a diameter of
that 68 % of the spheres were 1.754- 2.034 mm, more than 2 mm, and 80 % were in the size range
and 26 % had a diameter of more than 2 mm for  of 1.783-2.083 mm.

Z50C50. For Z60C40, it was determined that the

Fig. 3: Macroscopic images of a) Z50C50, b) Z60C40, and c) Z70C30 samples sintered at 500 °C
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Fig. 4: Size distribution of spheres produced different composition
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SEM images of fracture surfaces of the Z60C40
sample are given in Figure 5. These images revealed
that the pore size distribution of the produced sample
is changing from ~20 ym to nanometre sizes. This
wide range porosity was attributed to the formation

of the liquid phase with the addition of waste glass
powder as a sintering additive. In previous studies,
the decrease in density was explained by the
increase in the content of the glassy phase, which
exhibits low density or high porosity.'2'"

Conclusion

In this study, the production of porous spherical
zeolite ceramics in millimeter sizes was successfully
achieved using environmentally friendly starting
raw materials, zeolite, and waste glass powder at a
relatively low sintering temperature.

. Waste glass powder elemental analysis
was performed by X-ray fluorescence
spectrometry. It was determined that Si (57.3
wt. %), Ca (20.9 wt. %), Na (13.9 wt. %), Mg
(2.64 wt. %), and Al (1.64 wt. %) were the
major constituents of the waste glass.

. Porous zeolite-based ceramic spheres were
shaped by the sol-gel method, which is an
easy, relatively rapid, and economical method
to produce ceramic-polymer-containing
spheres.

. Three different spheres containing 1:1, 3:2,
and 7:3 zeolite:waste glass ratios were
designed. When the zeolite:waste glass ratio
was 1:1, oval-shaped green spheres were
achieved. Spherical green samples were

achieved for the compositions containing 3:2,
and 7:3 zeolite:waste glass ratio.

. Sintering studies were carried out at 300°,
400°, and 500°C for 1 h. It was noticed that
the samples could not maintain their spherical
geometry when the sintering temperatures
were 300° and 400°C.

. Scanning electron microscopy investigation
of the spheres sintered at 500°C revealed
that highly porous zeolite spheres, containing
pores from ~20 um to nanometre sizes, were
achieved.

. The size of the spheres sintered at 500°C
was investigated with Image J software. It
was determined that 68 % of the spheres
were in the size range of 1.75- 2.03 mm,
and 26 % had a diameter of more than 2 mm
for the composition Z50C50. For Z60C40
composition, sphere sizes were less than
2 mm, and 72 % were in the size range of
1.37-1.56 mm. For the Z70C30 composition,
32 % of the spheres had a diameter of more
than 2 mm, and 80 % were in the size range
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of 1.8-2.08 mm.

To the best of our knowledge, a study on the
use of waste glass as a source of sintering
additive in zeolite-based porous ceramic
spheres is not available in the literature.
Produced porous zeolite based ceramic
spheres may have the potential to be used
directly or as a reinforcement for a composite
material production that can be used in
various applications, such as liquid or gas
filtration applications.
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