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ABSTRACT: Zeolitic material in powder form was prepared from fly ash by direct activation treatment. The fly ash-based
zeolite was pelletizing using different inorganic (calcium hydroxide, bentonite, kaolinite) and organic (dextrin) binders with
varying percentage. The aim of this study was to produce granular zeolitic material for application in wastewater treatment. The
zeolitic materials were analyzed by XRF, XRD, SEM, FTIR, TG-DTG and Nitrogen adsorption/desorption isotherm.
Compression and impact tests were used to evaluate the deformation and breakage behaviour of spherical granules. The best
performance was obtained by zeolite granular containing S wt.% bentonite and 5 wt.% kaolinite with mechanical strength and
satisfactory water resistance. The synthesis of pelletized zeolite from by-products derived from coal combustion provides not
only environmental and economic benefits, but also contributes to achieving the principles of sustainable development.
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1. INTRODUCTION

Zeolites are the most representative microporous
materials composed of alumina and silica tetrahedra with
wide applications in catalysis (petrochemical industry,
refining processes, fine chemical production) and in gas
storage and separation. Also, due to their ability to select
molecules by size and shape and ion exchange selectivity,
zeolites have been employed in removing heavy metal (Zn?,
Cd?+, Pb?*, Cu?*), radioactive contaminants (Cs*, Sr2+, U#),
dyes (crystal violet, acid orange 8) and others toxic
pollutants from wastewater 1, 2].

Materials useful for zeolite synthesis can be silicon-and
aluminum-rich chemicals, from industrial waste, agricultural
sources, and by-products, recognized as low-cost raw
materials. Coal combustion by-products (CCBs) are a cheap
and abundant materials, rich in minerals containing silicon
and aluminum, making it suitable as a starting material for
the synthesis of zeolites and an attractive alternative to
disposal. The global annual production is approximately 150
to 200 million tons of bottom ash and between 600 and 800
million tons of fly ash 3, 4].

Various methods for preparing synthetic zeolites are
described in literature (Azizi et al., 2021; Ren et al., 2020;
Zhang et al, 2022) [1, 3, 5]. One of the most common
methods of obtaining zeolites from CCBs is the
conventional hydrothermal synthesis, also known as, direct
activation method. Brief, the ash is dispersed in a strongly
alkaline solution to extract the silica and alumina and
submitted to a heat treatment with a temperature in the
range of 90-200 °C for a period of up to 24 h. During this
period, reactants in the amorphous phase is replaced by the
crystalline phases. This method is considered as a simple and
cost-effective approach in zeolitization because low
resources are consumed. Zeolitic product obtained is a
mixture of multiple zeolites and the yield is about 20-60
wt.% [6,7].
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Zeolitic materials based on CCBs are obtained in the
form of a fine powder [8-11]. In fixed-bed reactor processes,
the effective utilization of zeolite requires that the powder is
structured in the form of solid bodies mechanically stable
(cylinders, pellets, beads, spheres, etc.).

In order to form granulated zeolite, it is necessary that
binder is added to fine powder in the agglomeration
techniques. The most commonly used binders are organic
(carboxymethylcellulose, starch, dextrin),
aluminosilicate clay, (bentonite, attapulgite, kaolinite),

compounds

synthetic compounds (alumina, silica), or a combination of
these materials. The type of binder to be applied depends on
the granulation method and the utilization of the granulated
zeolite [12, 13]. In most cases, zeolites are agglomerated
with 20% of a binder [14-16].

The objective of this work is to evaluate the behavior of
different binders to agglomerate zeolitic material synthesized
from fly ash using wet granulation. To optimize the
properties of granules, different binders in several
percentages were used; then, the properties of products were
studied.

2. MATERIALS AND METHOD
2.1 Materials

All chemicals used for experimental studies were of
analytical grade. Coal fly ash sample was collected in the
Thermoelectric Complex Jorge Lacerda, located in the Santa
Catarina State, Brazil. Physico-chemical properties of fly ash
have been reported in previous studies [17, 18]. Binders
were commercially produced material. Sodium hydroxide
(97%) and sodium aluminate (100%) obtained from Sigma-
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Aldrich Pty. Ltd. (Australia) were used in the preparation of
zeolite synthesis.

2.2 Zeolite powder synthesis

Conventionally hydrothermal treatment was used in
the zeolite synthesis: 20 g of coal fly ash were mixed with 160
mL of 3.5 mol L'' NaOH aqueous solution in a Teflon vessel
(ash/solution ratio = 0.125 g mL!). This mixture was heated
to 100 °C for 24 h. The suspension was filtered through a
quantitative filter paper and the solid was repeatedly washed
with deionized water until the pH of filtrate is at ~ 11. The
solid was dried at 100 °C for 24 h. The zeolitic material
obtained was labeled as ZC [11].

2.3 Preparation of zeolite in granular form

ZC was mixed with binder and homogenized. Then,
deionized water with ratio dry mixture mass:volume = 1:1
was slowly poured into a cavity in the center of the container
containing the dry mixture until a paste was obtained. After
homogenization, the pasty mixture was molded into
spherical granules. After the molding step, the material was
dried in an oven at 100 °C for 2 h and calcined in a muffle at
500 °C for 2 h. The diameters of granules ranged between 3
mm and 6 mm. ZC content was maintained at 90 and 95 wt.
%. Eleven pelletized zeolite samples (ZP1 to ZP11) with
dextrin, calcium hydroxide, bentonite, kaolinite, and a
mixture of the binders with different amounts are listed in
Table 1. Figure 1 illustrates one of the pellet samples
produced.

Table 1. Composition of binders used in pelleting of zeolite
powder

Composition (wt.%)

Pelletized
Zeolite Dextrin Calcium Bentonite  Kaolinite
Hydroxide

ZP1 S 0 0 0
ZP2 10 0 0 0
ZP3 0 10 0 0
ZP4 0 0 0 10
ZPS 0 0 10 0
7P6 0 5 3 0
7pP7 S S 0 0
ZP8 0 0 2 8
7P9 0 0 5 5

ZP10 0 0 8 2

ZP11 0 0 2.5 2.5

2.4  Characterization of materials

Physico-chemical properties of fly ash have been
reported in previous studies [17, 18]. The mineralogical
compositions were determined by X-ray diffraction analyses
(XRD) with Rigaku Miniflex 2 diffractometer with Cu anode
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using Co Ka radiation at 40 kV and 20 mA over the range
(20) of 5-80° with a scan time of 0.5°/min. The chemical
composition was determined by X-ray fluorescence (XRF)
in Rigaku RIX-3000 equipment. Thermal analysis was
performed by thermogravimetry on the Mettler-Toledo
equipment model TGA/SDTA 851 and each sample (~10
mg) was heated from 25 to 1000 °C at a heating rate of 10
°C.min?, under an oxygen flush (50 mL-min?). The
scanning electron micrographs were performed using a FEI
QUANTA FEG 650 microscope. Vibration spectra of the
samples were determined by Fourier Transform Infrared
Spectroscopy (FTIR) (Perkin Elmer Frontier) within a
wavelength from 4000 cm! to 400 cm'. Textural
properties of the samples were measured from N,
adsorption/desorption isotherms at 77 K (Micromeritics,
TriStar II 3020). The samples were purged with nitrogen gas
for 12 h at 150 °C. The specific surface area was calculated by
the Brunauer—-Emmet-Teller (BET) [19]; the microporous
surface area, external surface area, and micropore volume
were evaluated by the #plot method [20]; the pore diameter
and mesopore volume were obtained by the Barrett—Joyner—
Halenda (BJH) method. The pore-size distribution was
calculated by analyzing both the adsorption and desorption
branches of the isotherm using the Barrett-Joyner-Halenda
method [21].

Fig. 1. Pelletized zeolite sample (ZP9)

Cation exchange capacity was determined by a
previously described procedure [22]. The stability in water
of the granular zeolite was determined by weighing the pellet
mass before and after the cation exchange capacity test.
Workability was related to the ease of handling and molding
the paste consisting of powdered zeolite, binder and water to
form pellets (H=high; M= medium; L=low). All tests were
done in triplicates.

The drop test consisted of dropping the material from
a height of 100 cm onto a metallic surface and recording the
number of drops that each granule withstood until
disintegrating. The compressive strength test was performed
for the samples that were selected in the drop test. A
texturometer model TA.XT.PLUS, brand STABLE MICRO
SYSTEMS was used. The test was carried out at room
temperature, using a S00 N load cell and constant velocity
equal to 0.02 mm s, until the primary fracture (Fy). The
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tests were repeated five times per series of samples. The
characteristic fracture strength (oF) was calculated from the
ratio of the fracture force (F;) related to the cross-sectional
area (A) of the granule [23]:

Fr
A TR?

e (1)

Op =

3. RESULTS AND DISCUSSIONS

Chemical and mineralogical characterization of zeolite
powder

The chemical composition of the zeolitic material (ZC)
determined by X-ray fluorescence (XFR) is shown in Table
2. The zeolitic product is mainly composed of silica, alumina,
calcium oxide, iron oxide and sodium oxide. The presence of
sodium is the result of the addition of NaOH solution in the
hydrothermal treatment. Elements present in fly ash, such as
Fe, Ca, Mg, Ti, Mn, etc. were also found in zelitic material
[17]. The cation exchange capacity values obtained for fly
ash used as raw material and zeolitic material was 0.083 meq
g "' and 1.84 meq g, respectively. The CEC value of ZC was
20 times higher than fly ash confirming that zeolitic material
has a high potential to be used as cation exchanger.

Table 2. Chemical composition of the major elements of
ZC

Oxides wt. % Oxides wt. %
Sio, 34.7 710, 0.067
ALO, 233 ZnO 0.056
CaO 10.1 P,Oq 0.052
Fe,O, 7.80 MnO 0.052
Na,O 7.56 SrO 0.036
TiO, 1.76 Cr,0, 0.032
MgO 1.00 CeO, 0.024
SO, 0.557 Cl 0.020
K,O 0.510 others <0.016
BaO 0.080 loss of ignition (%) 12.2

The phases in zeolitic material obtanined by X-ray
diffraction (Figure 2) were hydroxysodalite (JCPDS 31-
1271) and NaX (JCPDS 38-0237) as zeolitic phases with
peaks of quartz (JCPDS 85-0796) and mullite (JCPDS 74-
4143) of ash that remained after the treatment. The
diffractograms also show the presence of halo typical of
material amorphous. Hydroxysodalite is always created in
the majority phase of zeolite content in the synthetized
product obtained by conventional hydrothermal treatment
due to its greater stability [6, 8,9, 24].

3.2 Effect of the type and amount of binder on the
characteristics of granular zeolite

In the first phase, pellets with eleven different binder
types and percentages were prepared with and without
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calcination. The choice of the binders was based on
procedures reported in the literature [25-28].

Clay-like binders not only improve the mechanical
stability, but they also contribute to the physical and
chemical properties of the powder being shaped. However,
the addition of clays binders with alumina and silica content
can significantly alter some zeolite properties, in terms of
structure or acidity [12]. Calcium hydroxide is one of the
most popular types of inorganic binders and is usually used
as a pellet hardening agent. Organic binders might be easily
removed from the shaped composites upon thermal
treatment, thus not altering the physical and chemical
properties of the initial powder. However, they may fail to
give sufficient mechanical strength to the pellets.

The primary goal of using binders was to enhance the
mechanical stability of the granules. The investigated
properties of drop test of non-calcined and calcined zeolitic
materials pelletized are presented in Table 3.
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Fig. 2. XRD diffractogram of zeolite in powder form
(H = hydroxysodalite; X= NaX; Q = Quartz, M = mullite).

Table 3. Drop test of non-calcined and calcined zeolitic

materials
Pelletized Drop test!
Zeolite NOrzl;;eﬁzned Caleined geolite

7P1 1 .
P2 1 .
ZP3 1 5
P4 1 A
ZPS 4 .
7P6 1 .
7ZP7 1 .
7P8 1 ;
ZP9 19 -

ZP10 21 9

ZP11 s 4

(1) number of drops without breaking the pellets
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The results varied widely, depending on the type and
composition of the binders used. The strength of pelletized
zeolite samples before calcination were not satisfactory with
the majority breaking in the first fall, indicating that a
calcination would be necessary. Combined pelleted samples
with bentonite and kaolinite (ZP9 and ZP10) were an
exception, because showed a relatively high drop strength
value even without calcination.

The reason for the significant increase in the strength of
the granules after the calcination process is probably the
physical and chemical changes in the binders that occur
during the heat treatment [29]. Calcination increased the
mechanical stability of the pellets and destroys the surface
area and activity of the clay [16]. After the solidification step
by calcination, shaped zeolite bodies contain an inter-
particular and interconnected pore systems, which is
classified as hierarchical [30].

Organic binder (dextrin) and calcium hydroxide were
not able to create enough strong bonds with the surfaces of
zeolitic material (sample ZP1, ZP2 and ZP3) even after
calcination.

The greatest resistances have been reached with the
pellet composition containing bentonite alone (ZPS) or
mixed with kaolinite in greater or equal percentage (ZP9 and
ZP10) and the pellets from the stoichiometric mixture
contained 90 wt.% zeolite.

The compactness and the resistance of the granules to
the mechanical forces are essential for the use of the granules
in various applications; therefore, a measurement of the
forces at which granules broke was conducted to evaluate
the effectiveness of the binder in the granules. Based on the
results, the mechanical strength of ZPS, ZP9 and ZP10
samples after
displacement curves (Figure 3). The average values of

calcination was measured by force-

mechanical properties are summarized for examined
granulates in Table 4.

The force-displacement curves for ZP5, ZP9 and ZP10
samples presented similar behavior (Figure 3). The samples
exhibit dominant elastic-plastic properties before primary
breakage occurs. Linear-elastic portion of the curve was
observed only at the beginning of stressing (< 0.1 mm).
After the breakage point, the multiple stressing leads to the
failure of the fragments. Similar mechanical behaviour
during compression was observed with commercial
synthetic zeolitic molecular sieves of the type 4A in the form
of granules [23, 31-33].

Table 4. Macroscopic mechanical properties of the granule
samples

Binder (% wt) Breakage  Fracture
Sample Force Strength
Bentonite  Kaolinite (N) (Mpa)
ZPS 10 0 49.7 2.6
ZP9 S S 34.8 1.5
ZP10 8 2 30.9 1.6
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Fig. 3. Force-displacement curve of (a) ZPS; (b) ZP9; (c)
ZP10

The increase in bentonite content increases strength due
to improvement in interaction between the zeolite and clay
particle. The addition of kaolinite into the composition
decreased the compressive strength due to increase in pore
size and heterogonous distribution of secondary pore system
[16, 34]. The breakage force of commercial zeolite
(Késtrolith 4AK) prepared with attapulgite was 23.8 + 7.7
N, a lower value than the samples synthesized with residue
[31].

The properties including workability, water stability and
cation exchange capacity values of granular zeolitic materials
are shown in Table S. The granular zeolite ZPS, despite

J.ApplL.Mat and Tech. 2022, 3(2), 13-23
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Table 5. Characteristics of granular zeolites with different binder

Binder (% wt)

Sample Workability! Pellet' Yvater CE C_z
Bentonite Kaolinite stability! (meqg?)
ZPS 10 0 M L Collapsed
ZP9 S S H H 1.75
ZP10 8 2 H M 1.70
ZC - - - 1.84

(1) H=high; M= medium; L=low; (2) Cation exchange capacity

having greater mechanical strength than the other samples,
showed less stability in water and the structure collapsed.
ZP9 and ZP10 samples presented cationic exchange capacity
values close to that of powdered zeolite (ZC) and others
similar properties (workability and breakage force).
However, the greatest stability in water was observed for
ZP9.

Table 6. Chemical composition of bentonite and kaolinite

Oxides Bentonite Kaolinite
(wt.%) (wt.%)
Sio, 514 474
ALO, 15.0 34.8
Fe,0, 9.82 1.27
MgO 2.24 <0.001
CaO 1.74 <0.001
Na,O 1.42 0.120
TiO, 1.40 1.15
K,0 0.579 0.041
Cl 0.180 0.060
V,Oq 0.042 <0.001
BaO 0.036 <0.001
MnO 0.033 <0.001
P,0q 0.032 0.127
Cr,0, 0.021 <0.001
SrO 0.019 0.017
ZnO 0.019 <0.001
NiO 0.013 0.009
Rb,O 0.007 <0.001
Nb,O, 0.005 <0.001
SO, <0.001 0.230
CuO <0.001 0.009
PbO <0.001 0.019
Ga, 0, <0.001 0.010
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Therefore, sample with the mentioned composition of
90 wt.% zeolite with S wt.% bentonite and S wt.% bentonite
(ZP9) was selected as optimum granular zeolitic material to
be used as an adsorbent material in the treatment of liquid
effluent in a fixed bed column. This obtained material and
binders were characterized by different complementary
techniques.

3.3 Characterization of binders

The chemical compositions of the bentonite and
kaolinite are given in Table 6. From Table 6, it is identified
that both clays mainly contained silicon oxide (SiO,) and
aluminum oxide (ALO;), dominant constituents of all clay
minerals. The relatively high percentage of Fe,0, (~10%) is
typical for most Brazilian bentonites [35]. The Fe,O; and
TiO, were the main impurities (1.2-1.3%) for kaolinite.

The X-ray patterns of used binders are illustrated in
Figure 4. The bentonite (Figure 4a) contains mainly
montmorillonite and impurities such as quartz, cristobalite
and kaolinite. Kaolinite is the predominant mineral phase,
which can be identified by its characteristic XRD peaks at
12.34° and 24.64° 20 (Figure 4b) [36].

3.4 Granular zeolite characterizations obtained by the
optimized method

The chemical composition of the granular zeolitic
material ZP9 is reported in Table 7, along with the SiO,/
AL O, ratio. An increase of silica and alumina in the chemical
composition of the zeolite after pelletization compared to
powder zeolite (Table 2) was confirmed, since these are the
main constituents of binding agents (bentonite and
kaolinite) used in the process.

Figure 5 shows the XRD pattern of the as-prepared
granular zeolite and powder zeolite. After pelletization, no
new diffraction peaks was observed, indicating no new
crystalline phase formation, that is important to maintain the
zeolite properties. The addition of bentonite and kaolinite as
a binder also did not cause a significant change in peaks
intensity.

Figure 6a and 6b illustrates the SEM images of
zeolitic material ZC at different magnifications. The surface
is constituted of rough-surfaced and spheroidal crystals,
indicating that zeolite crystals were deposited on the surface
of fly ash particles during the hydrothermal treatment. The
morphologies of zeolitic material are similar to the typical
appearances found the published SEM
observations [37-39].

in earlier
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Fig. 4. XRD diffractogram of (a) bentonite (M:
montmorillonite, Q: quartz, k: kaolinite, CR: cristobalite);
(b) kaolinite (k: kaolinite)

ZP9

N
) AN T | .

SPWLY 0 [ N W

—_— [ et ot b
3
8
= X ZC
Far
= a
=
x
= M M
- M x H oguH H H
Hi pHxM "ol Q 2
% H. M x?x|\r-\ () 01.\0"' i o Q
NGl N AN a4 P ot
10 20 30 40 50 60 70
2Theta (°)

Fig. 5. XRD diffractogram of power zeolite and granular
zeolite (H = hydroxysodalite; X= NaX; Q = Quartz, M =
mullite)

The agglomerated ball-like morphology is commonly
associated with hydroxysodalite zeolite [40]. It is evident
that the morphological representation of hydroxysodalite
and mixture with others zeolite types through SEM data
does not always allow the particular phase identity [41].

In the micrographs obtained from granular zeolite is
observed that the zeolite particles are surrounded by the
binders bentonite and kaolinite (Figure 6¢c and 6d).
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Table 7. Chemical composition of the major elements of
ZP9

Oxides wt. % Oxides wt. %
Sio, 46.7 K,0 0.487
ALO, 26.6 MnO 0.048
CaO 8.66 SO, 0.474
Na,O 7.40 P,0, 0.045
Fe,O, 6.41 ZnO 0.043
TiO, 1.46 SrO 0.031
MgO 1.37 Cr,0, 0.025
BaO 0.069 Cl 0.020
710, 0.068 Y,0, 0.014
CeO, 0.057 Si0,/AlL0, 1.80

The main functional groups characteristics of the
granular and powder zeolites were identified by FTIR
(Figure 7). FTIR analysis of the samples revealed the
preservation of the structure of zeolite in form of powder
after the pelletization process. The bands at 459-466 cm!
were ascribed to the internal vibration of T-O (T= Si, Al)
bending [42]. The vibrations observed at 560 cm! are
corresponding to a super-position of symmetrical stretching
vibrations of the Si-O-Si and the bending vibrations
corresponding to O- Si —O [43]. The bands at 662-667 cm!
and 728-729 cm! were attributed to symmetry stretching
vibration of O-Si-O and the band at 695 cm! was attributed
to symmetry stretching vibration Al-O-Si [37]. Vibrations
reflected at 995-1009 cm™! are assigned to the asymmetric
stretching vibrations characteristic of T-O-T bridge bonds in
TO, tetrahedra belonging to aluminosilicates with sodalite
structure [44, 45]. The bands in the regions of 1453-1472
cm! and at about 876 cm’! were assigned to the C—O
stretching [37, 46]. The band observed at 1638-1645 cm!
correspond to the H-OH deformation and are usually
evidence of the presence of hydrated compounds whose
water is strongly linked to the molecular structure of the
compound [47]. The bands at 3438-3446 cm’! are
characteristic of OH hydrogen bonded to the oxygen ions of
the zeolite framework [ 5, 48].

The profile of the thermogravimetric curves of ZC and
ZP9 are shown in Figure 8. From Figure 8a, the great loss of
mass weight associated with loss of free and physically
adsorbed water inside the zeolite pores occurred between
33.8 °C and 49.0 °C (7.24%). It can be seen that sample
showed continuous weight loss until 400 °C due
dehydration, after that it became almost constant. In the
second stage, the mass loss between 296.68 °C and 716.03 °
C (6.26%) can be attributed to the decomposition of CaCO,
from fly ash used as raw material for the zeolite synthesis
[49]. The profile of the thermogravimetric curves of the
granular zeolite (Fig. 8b) was maintained in relation to that
obtained for the powdered zeolite, thus confirming the
thermal stability of the material after the pelletization
process.

J.ApplL.Mat and Tech. 2022, 3(2), 13-23
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Fig. 6. SEM micrograph of zeolites with different magnifications (a) ZC- 10000 x; (b) ZC- 40000 x; (c) ZP9- 10000 x; (d) ZP9
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Fig. 7. FTIR spectra of the as-synthesized zeolitic material (a) ZC powder; (b) ZP9 pelletized

The N, adsorption-desorption isotherm of the zeolitic
material in powder form is presented in Figure 9a, while the
pore size distribution curve determined by the Barret-Joyner
-Hatenda (BJH) model is presented in Figure 9b. The
isotherm for the sample was of type IV and exhibited a
well-defined H3 hysteresis loop according to the IUPAC
classification, relative to the mesoporous structure [50]. A
bimodal pore distribution was observed due to the presence
of mainly mesopores centered around SO A and 250 A

(Figure 9b).
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The granular zeolitic material shows mesoporosity
characteristics as it is evident in the adsorption/desorption
isotherm, similar to the adsorption/desorption isotherm of
zeolite powder (Figure 10a). The pore sizes of the sample
were concentrated in the 30-680 A range (Figure 10b).
However, the pore diameter distribution shows a unimodal
distribution with a peak around 250 A. Probably, the
presence of bentonite and kaolinite as binders in the
structure of the granules resulted in the blocking of pores of
smaller diameter [S1].
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Table 8. Textural properties of zeolitic materials
St S S3 Vi ] G
S AMPLE BET Micro exter Micro D s A Meso
(ng-l) (ng-1) (ng-1) (cm3 g-l) poro ( ) (cm3 g-l)
ZC 76.57 38.52 38.05 0.01633 108.8 0.1110
7P9 21.20 2.104 19.11 0.000775 125.3 0.08129

IBET specific surface area; >* microporous surface area, external surface area, micropore volume; 56 poro diameter, mesopore volume
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The BET, t-plot and BJH methods were employed to
calculate the textural properties of synthesized zeolites
before (ZC) and after (ZP9) the addition of bentonite and
kaolinite to the conformation of the sample into spherical
shape (Table 8). As shown in Table 8, the values of surface
area and micropore volume of zeolitic powder are higher
than pelletized zeolitic material, as indicated in the pore
diameter distribution curve due to presence of binders.

4. CONCLUSIONS

In this study, fly ash was activated by conventional
hydrothermal treatment. Zeolite phases, such as, Na-X and
hydroxysodalite were identified in zeolitic material in
powdered form. Inorganic and organic binders were used to
shape the zeolite powder into spherical granules using wet
granulation process. The pellets were characterized in terms
of physico-chemical, mechanical properties, and adsorption
capacity. The best condition for the spherical adsorbent can
be obtained for the sample prepared using 90 wt.% zeolitic
material, 5 wt.% bentonite and 5 wt.% kaolinite. Although
the pelletization decreased the textural properties, the
granular zeolitic material exhibited similar characteristics to
the zeolitic material powder, mainly in relation to the cation
exchange capacity. The results show the possibility for using
the readily available, low-cost waste (CCBs) to produce
granular zeolitic material, following the concept of turning
waste into value-added material for environmental
applications related to Sustainable Development Goal 12

(target 12.5).
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