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Abstract. Zeolites are an alternative material for treating heavy metal-con-
taining waste. Synthetic zeolites exhibit excellent purity and particle size uni-
formity, which has led many researchers to explore their synthesis, including
the use of natural minerals. This work aims to synthesize zeolites using the
hydrothermal method with aluminosilicate sources from Toraja natural min-
erals. Toraja natural minerals, primarily composed of montmorillonite, hydro-
thermally react with NaOH at varying concentrations to form analcime (ANA)
and cancrinite (CAN) zeolites. In the research we also examined the reaction
time for zeolite formation. X-ray diffraction (XRD) analysis revealed that ANA
and CAN exhibit tetragonal and hexagonal crystal structures, respectively. The
Si/Al mole ratios were determined to be 2.40 for ANA and 1.27 for CAN,
based on EDX analysis. The Fourier transform infrared (FTIR) spectra exhibit
typical absorption bands within the spectral region of 700-400 cm’!, with
increasing intensity observed at higher NaOH concentrations. ANA zeolite dis-
plays distinctive spectral features below 650 cm!, attributed to double-ring
vibrations in its structure. In contrast, triplet bands at 676, 622 and 565 cm! in
the synthesized materials confirm the characteristic structure of cancrinite.
SEM analysis revealed trapezium-shaped analcime crystals with an average
size of 24 pm and rod-shaped cancrinite crystals with a length of 1.66 pum.
Toraja minerals, particularly montmorillonite, contain secondary building units
that form different zeolites depending on reaction conditions.
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INTRODUCTION

Zeolites are alternative materials for treating heavy metal-containing waste
due to their high adsorption and cation exchange capacities, which make them
effective in removing contaminants from the environment.!-2 Their structure is
characterized by a microporous crystalline framework composed of tetrahedral
units of SiO4 and AlO4~, with Si or Al atoms at the center and O atoms at the
corners. This framework forms pores and channels that facilitate the migration of
species into the interstitial spaces.3 The negative charge generated by A"
bonded to oxygen is balanced by cations such as Na*, K*, Ca2™ and Mg2* within
the cavities.#

Zeolites can occur naturally or be synthesized using various methods, with
starting materials derived from either natural resources or chemical reagents.
Natural zeolites often exhibit a high ratio of Si/Al, but they also include numer-
ous impurities in the form of metal oxides, which leads to a comparatively small
surface area.> On the other hand, synthetic zeolites offer better purity and uni-
form particle size, though their production is relatively costly.® Hence, the pro-
duction of zeolites from cost-effective raw materials, such as natural minerals,
has attracted considerable interest among scientists. For example, volcanic belt
regions have abundant natural mineral resources containing several low-quality
zeolite frameworks or zeolitic building blocks.” Previous research has examined
the production of zeolites from natural minerals, including pumice,® waste basalt
powder,” Mesawa feldspar,!0 kaolin!1:12 and aluminum waste.!3 These resear-
chers highlight the advantages of using natural minerals, which can reduce costs
and utilize unused natural materials.

Due to its frequent formation and ease of identification, analcime (ANA) is
one of the most commonly synthesized forms of zeolite. The ANA zeolite is a
low-silica zeolite characterised by a Si/Al ratio ranging from 1.8 to 2.8. Its mole-
cular formula is NaAlSi»Og-H»O, which has cavities occupied by Na* that can be
exchanged with other cations. Zeolite ANA can be used as an adsorbent,!4
catalyst!S and in waste treatment.!® ANA is often formed alongside cancrinite
(CAN). CAN is a zeolite with a low silica content, characterized by a Si/Al ratio
of around 1. Its molecular formula is Nag[AlgSigO24]-2NaX-6H»0O, where X may
be OH-, NO3~, %.CO32~ or %SO42". Given its significant cation exchange cap-
acity, CAN has the potential to serve for the removal of metal ions!” and nitrate
ions in groundwater samples.18

Based on the above description, this research aims to synthesize zeolites
using natural minerals from Toraja (South Sulawesi). Toraja natural minerals
have been extensively utilized both directly and through preliminary activation.
Efendy et al.!° employed Toraja natural zeolites to reduce Ca2* concentrations in
water sources. Kartawa and Kusumah? also reported that Toraja natural minerals
are used in aquaculture (shrimp farming), agriculture, waste absorption and other
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industrial fields. However, the synthesis of these minerals into other types of zeo-
lites through principles of transformation and recrystallization has not yet been
conducted. Toraja natural minerals contain montmorillonite, as well as quartz and
feldspar. These three components contain silica and alumina, which can serve as
alternative raw materials for zeolite synthesis.

In this work we have synthesized zeolites using a hydrothermal method and
direct synthesis, without pre-activation and without organic templates in the zeo-
lite precursors. This method is considered simple, rapid and environmentally
friendly due to the absence of organic templates that must be removed after syn-
thesis. The synthesis of zeolites follows the principle of recrystallization,!9 where
the mechanism involves dissolving silica and alumina from natural minerals
under alkaline conditions, followed by the zeolite crystal formation process. Syn-
thesis was carried out with varying NaOH concentrations (1.2, 2.5, 5 M) and
reaction times (12, 24, 72 h). X-Ray fluorescence (XRF), X-ray diffraction
(XRD) and scanning electron microscope energy dispersive X-ray (SEM-EDX)
can be employed to analyze the properties of the synthesized zeolites. Further-
more, the zeolite framework can be examined for its functional groups by Fourier
transform infrared spectroscopy (FTIR). The specific surface area and the distri-
bution of pore sizes can be calculated using a surface area analyzer (SAA) with
the Brunauer—-Emmett-Teller (BET) and the Barrett—Joyner—Halenda (BJH)
methods, respectively.

EXPERIMENTAL
Chemicals and reagents

The materials used in this study were natural minerals containing montmirillonite
sourced from Toraja, South Sulawesi, Indonesia (which were processed to pass through a 200
mesh sieve), sodium hydroxide pro-analysis (in pellets, 99 % concentration, Merck) was pur-
chased from Intraco (Makassar, Indonesia) and distilled water.

Hydrothermal synthesis of zeolite from Toraja natural minerals

Zeolite synthesis was performed using a hydrothermal method. An 1.2 M NaOH solution
was prepared by dissolving 0.8585 g of NaOH in 18 g of water. Subsequently, 0.7543 g of the
natural mineral sample, constituting 4 mass % of the mixture, was added to the NaOH solut-
ion. The mixture was stirred until it was fully combined and then moved to a tightly sealed
autoclave. It was then heated in an oven at 170 °C for 72 h. The resulting solid was efficiently
filtered using vacuum filtration and thoroughly washed until the pH reached a neutral level.
The final product was dehydrated in a 100 °C oven for 24 h. Different concentrations of
NaOH were used, specifically 2.5 and 5 M. Additionally, the reaction time was varied by
repeating the process at a NaOH concentration of 5 M for 12 and 24 h. The solid products
were further analyzed by XRD, FTIR, SEM-EDX and SAA.

XRF, XRD, FTIR, SEM-EDX and SAA analysis

The samples chemical composition was determined using XRF analysis performed with
an EDX-720 XRF instrument. The elements focused on included Si, K, Ca, Ti, V, Mn, Fe, Zn,
Al and Rh. XRD patterns were analyzed using a Shimadzu X-ray diffractometer with CuKa
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radiation. Phase identification was performed by comparing the diffraction patterns with the
powder diffraction database of the International Council for Phase Identification (ICDD), the
zeolite database file of the International Zeolite Association (IZA), the files of the Joint Com-
mittee on Powder Diffraction Standards (JCPDS), and related publications. FTIR spectra were
obtained using a Shimadzu IRSPIRIT-T instrument equipped with QATR-S in the 4000-500
cm! range. Potassium bromide was employed as both a diluent and binder. Characterisation
of morphology was conducted using a scanning electron microscope (SEM-EDX-SU-3500).
In addition, nitrogen adsorption—desorption isotherms were measured at a temperature of
77.35 K using an Altamira Micro 200 equipment. The specific surface area was determined by
measuring linear isotherms following the BET method. Porosity size distribution was eva-
luated simultaneously using the BJH technique.

RESULTS AND DISCUSSION

Chemical and mineralogical properties of Toraja natural minerals

The chemical composition of Toraja natural minerals is crucial in identifying
the specific end product produced throughout the synthesis procedure. Table I
provides the chemical composition of the Toraja natural minerals. The mineral
powder primarily contains SiO, and AlpO3, with an SiO,/Al,O3 ratio of 1.51,
making it suitable for use as a raw material for synthesizing zeolites with a low
Si/Al ratio.20

The XRD pattern indicates that Toraja natural minerals are crystalline, as
shown in Fig. 1a. It can be confirmed by the existence of prominent peaks for 26
values of 19.49, 20.97, 26.53, 29.46, 35.04, 47.35, 50.00, 59.97, 62.31, 68.47 and
74.93°. Peaks of the highest intensity are associated with montmorillonite (ICDD
13-0315), 41.4 %, and quartz (ICDD 46-1045), 30.3 %, whereas peaks of lower
strength indicate the presence of feldspar (ICDD 01-0083), 15.4 %, and magne-
tite (ICDD 00-0551), 13.0 %. Additionally, the FTIR spectrum results indicate
Toraja natural minerals as aluminosilicate-containing materials (Fig. 1b). Spec-
tral peaks at 3621 and 1633 cm™! correspond to the stretching and bending vib-
rations of O—H groups caused by water molecules that are confined within the
crystal lattice.2! The absorption band at around 993 cm™! is characteristic of the
asymmetric stretching vibration of Si—O-Si. The band corresponding with the

TABLE I. Composition of Toraja natural minerals

Analyte Content, %
SiO, 56.55
Al,O4 37.39
K,0 2.50
Fe203 1.97
CaO 1.20
TiO, 0.30
MnO 0.05
V,05 0.02
ZnO 0.01
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Al-Al-OH bending vibrations was observed at 917 cm~!. The Al-O and Si-O
out-of-plane vibrations were assigned to the band at position 691 cm~1. In addit-
ion, the peaks at 516 and 464 cm~! correspond to the bending vibrations of Al-
O-Si and Si-O-Si.22

intensity(%)
intensity(%)
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Fig. 1. a) XRD pattern; b) FTIR spectrum; c)SEM image of Toraja natural mineral.

Fig. 1c illustrates the morphology of Toraja natural mineral particles, which
are sheet-like — a characteristic of montmorillonite, which consists of silica tetra-
hedral and octahedral sheets.23 Overall characterization results show that Toraja
natural minerals consist of montmorillonite with multiple phases, thus enhancing
their potential utilization through further processing.

Zeolite ANA and CAN synthesis

This method entails the concurrent addition and stirring of the precursor
agent and alkali (NaOH). The hydrothermal synthesis is conducted at a tempe-
rature of 170 °C, with varying concentrations and reaction times. The hydro-
thermal conversion of Toraja natural minerals into zeolites involves the dissol-
ution of montmorillonite, quartz and feldspar, followed by zeolite crystallization.
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Table II presents the experimental parameters for synthesizing zeolites from Tor-
aja natural minerals.

TABLE II. Experimental parameters for synthesizing zeolites from Toraja natural minerals

NaOH Hydrothermal conditions Mineral type  Rendemen Crystallinity

Sample

mol/L t/°C 7/h of sample % %
P1 1.2 170 72 ANA 42.25 58.66
P2 2.5 170 72 CAN, FAB 22.78 51.49
P3a 5.0 170 72 CAN 45.60 74.98
P3b 5.0 170 24 CAN 42.27 70.94
P3¢ 5.0 170 12 CAN 38.94 68.87

XRD patterns of the synthesized samples exhibit distinct zeolite types, as
shown in Fig. 2. At a concentration of 1.2 M, zeolite ANA is formed. ANA tends
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Fig. 2. XRD patterns of: a) Toraja natural minerals and samples synthesized at 1.2, 2.5, 5.0 M
of NaOH (*ANA, mNHI, e CAN); b) the sample that was synthesized with 5SM NaOH with
variated of reaction time; c¢) FTIR spectra within the wavelength range of 4000400 cm™! of
Toraja natural minerals and samples synthesized at 1.2, 2.5, 5.0 M of NaOH; d) N, isotherm
adsorption—desorption of ANA and CAN zeolite.
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to form at low base concentrations.?4 Under these conditions, the increased Si
content promotes the growth of the metastable analcime phase. As the concen-
tration of NaOH is raised to 2.5 M, zeolite CAN is produced, which is mixed
with fabriesite, more commonly known as nepheline hydrate (NHI). This result
comes from NHI being made if the NaOH concentration is suboptimal for CAN
formation, specifically at concentrations of 2-4 M. At even higher concentrat-
ions, specifically 5 M NaOH, the product obtained is CAN. The study shows that
the concentration of NaOH plays a crucial role in the disintegration of minerals
in raw materials and the consequent creation of zeolites. Increasing NaOH con-
centration changes the crystal phases from ANA to NHI to CAN.

The crystal structure of ANA comprises a silica—alumina framework, cav-
ities, cations and irregular channels.25 The silica—alumina lattice is formed by 4-,
6- and 8-membered rings that create cage-like structures. These cages contain
smaller cavities where Na' is located in octahedral coordination. Water mole-
cules occupy continuous channels along a triple screw axis, formed by the coor-
dination of [AlO4]~ and [SiO4] tetrahedra. Silicon and aluminum atoms are unev-
enly distributed within the lattice.26

In contrast, the crystal structure of CAN zeolite is characterized by a hexa-
gonal framework formed by several five-membered rings of tetrahedra organized
in an ABAB sequence. The adjacent layers of six-membered rings are connected
by four-membered rings to form e-cages (a characteristic composite building unit
(CBU) of cancrinite). This arrangement creates continuous channels composed of
12-membered rings with free dimensions and effective pore diameter. These
channels are filled with CO32~ groups aligned along the c-axis. Additionally, the
cages can also accommodate Na*, Ca2*, CI~ and H,O molecules.

As previously mentioned, between the formation transformations of ANA
and CAN, there is NHI, which is known to have a framework similar to CAN but
with different ion channels. In the bc plane, NHI exhibits a two-dimensional pore
system characterized by channels that extend in both the b and ¢ directions. The
alumininosilicate structure of NHI is formed by connecting SiO4 and AlO4 tetra-
hedra to the framework using 4-, 6- and 8-membered rings in the ab plane, and
6-membered rings in the ac plane.2” The bigger channels along the ¢ direction
allow tiny ions or molecules to readily pass through 8-membered rings, whereas
the smaller channels along the b direction have narrow openings consisting of
6-membered rings. All water molecules are organized into wider channels, facil-
itating their straightforward entry or exit from the open structure.

ANA and CAN zeolite characterization

XRD patterns of the successfully produced zeolites are depicted in Fig. 2a.
XRD pattern of ANA displays distinct peaks at 26 15.98, 25.94 and 30.72°,
which are typical for ANA zeolite, as reported by Azizi et al.28 The highest dif-
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fraction peak intensity for CAN is observed at 26 27.44°. Additionally, at a con-
centration of 2.5 M, characteristic peaks for NHI are present at 26 10.72, 11.62,
20.17, 26.13 and 30.13°. The observed XRD patterns for ANA, CAN and NHI
closely resemble the patterns reported for these zeolite frameworks in the 1ZA
database. Moreover, Table III presents the computed lattice parameters for ANA
and CAN.

TABLE III. Calculation result of lattice parameters of synthetic zeolites at 1.2 and 5 M of
NaOH (ANA and CAN)

Lattice constant ANA (P1) CAN (P3a)
alA 13.7280 12.7558
b/A 13.7280 12.7558
cl/A 13.7220 5.1985
al® 90 90
ple 90 90
y/° 90 120
Cell volume, A3 2586.02 749.423
Cell density, g/cm? 2.267 2.440
Crystal system Tetragonal Hexagonal

The XRD results of zeolite synthesis with varying the duration of reaction
are shown in Fig. 2b. The results suggest that variations in the duration of
reaction, specifically 12, 24 and 72 h, have a negligible effect on the characteris-
tics of the zeolites produced. Synthesis at the same concentration (5 M of NaOH)
with different reaction times yields the same type of zeolite, CAN. The primary
difference observed is in the percentage of zeolite crystallinity. For example, the
XRD pattern at 12 h of reaction time shows a magnetite peak at 26 35°, indic-
ating incomplete dissolution during the reaction. In contrast, comparing the over-
all peak intensities for the three reaction times reveals that longer reaction times
result in higher and sharper peaks, which indicates that the crystallinity of the
resulting zeolite is better (see Table II).

Fig. 2c displays the FTIR spectra of the successfully produced zeolites
(ANA and CAN). The results show spectral bands consistent with aluminosilic-
ate materials. Both ANA and CAN exhibit spectra typical of zeolites. O—H
groups from water in the zeolite framework are responsible for the absorption
bands observed at 3600 and 1630 cm™!. The asymmetric stretching vibrations of
T-O tetrahedra (T = Al, Si) are represented by the band around 950 cml,
whereas the symmetric stretching vibrations of T-O are represented by the region
between 720 and 650 cm~!. The spectral around 460 cm~! corresponds to the
bending vibration of T-O-T.11.24

ANA zeolite has distinctive spectral characteristics below 650 cm™!, corres-
ponding to double-ring vibrations within its structure.2% In the case of CAN, the
area between 700 and 500 cm~! is made up of a triplet band (676, 622 and 565
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cm1), which shows the vibrations of the 4-, 6- and 12-membered rings and is
related to the unit cell parameters.!3 The features of zeolite CAN are also shown
by the presence of weak intensity peaks at 1393, 1425 and 1462 cm™!, which
show the presence of CO3 groups.3? These elements can be found in CAN pores
that are obtained from high-concentration solutions. Furthermore, the character-
istic features of NHI are evidenced by the presence of spectra in the mid-range of
3200 and 3500 cm™!, signaling the presence of water.3! Nepheline is an inter-
mediate phase in the synthesis of cancrinite, which is present as an impurity.30

Fig. 2d shows the isotherms for adsorption and desorption of ANA and
CAN. Both categories of zeolites present a type IV adsorption isotherm. This
property is typical of mesoporous materials. The ANA and CAN samples exhibit
H1 hysteresis loops, which suggest the presence of uniform pore dimensions.
However, ANA also slightly approaches type H4, which has a combination of
mesoporous and microporous structures with open ends. Table IV shows the BET
surface areas and total pore volumes obtained from the synthesis of zeolites using
Toraja natural minerals, specifically ANA and CAN.

TABLE IV. Surface area and porosity of ANA and CAN

Material BET surface area, m*/g Total pore volume, cm3/g  Average pore size, nm
ANA (P1) 75.49 0.19 4.97
CAN (P3a) 43.03 0.07 6.84

The SEM images of the synthesized samples at various NaOH concentrat-
ions (formation duration of 72 h, temperature of 170 °C) are shown in Fig. 3. Fig.
3a shows zeolite ANA synthesized at a NaOH concentration of 1.2 M, exhibiting
an isometric trapezoidal crystal morphology. The observed crystals have an aver-
age maximum length of 24 um. A similar trapezohedral morphology was rep-
orted by Novembre and Gimeno!! with crystal sizes of 25 pum. Furthermore,
Amin et al.10 achieved a comparable result by synthesizing ANA from Mesawa
feldspar with crystal dimensions ranging from 13 to 24 um. Despite the presence
of impurities, most likely from residual montmorillonite or insoluble silica gel,
the crystals have well-defined facets. The low concentration of NaOH means that
not all raw materials can be dissolved, so the crystallinity of the ANA obtained is
also low.

Fig. 3b presents a zeolite CAN combination with an NHI phase mixture pro-
duced using a 2.5 M NaOH concentration. The result reveals needle-like rod-
-shaped CAN crystals, characteristic of the hexagonal cancrinite crystal struc-
ture.32 The CAN crystals are interspersed with shorter and larger rod-shaped NHI
crystals.33 Synthesis at this concentration achieved good crystallinity, with the
starting material fully dissolved in NaOH, although two crystal phases are pre-
sent. Fig. 3c depicts CAN with a single mineral phase synthesized at a NaOH
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concentration of 5 M. The resulting crystals are rod-shaped with an average
length of 1.66 um. At this concentration, the crystal morphology is uniform, but

agglomeration occurs, causing the crystals to adhere to each other, making some
crystal parts difficult to observe.

SU3500.10.0kV X2,00!

1=

10.0um  |'SU3500 10.0kV X10:0k SES 5.00um,

Fig. 3. SEM Illustration of a zeolite samples obtained from the Toraja natural mineral, shown
at various levels of magnifications.

The conversion of natural Toraja minerals into zeolites involves the dissol-
ution of montmorillonite, quartz, and feldspar, followed by zeolite crystallization,
as described in chemical reaction Eqs. (1)—(5). Amaya et al.34 reported that
montmorillonite undergoes significant silicon dissolution under basic conditions.
Similarly, quartz readily dissolves in alkaline solutions. However, feldspar dis-
solution occurs in three distinct steps: 1) ion exchange between alkali metal cat-
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ions (M* = K, Na, or Ca) and H*; 2) breaking of Al-O bonds; 3) hydrolysis of
Si—O-Si bonds, resulting in the release of M*, AI(OH)4~ and H,Si042:24
Mineral dissolution:

AlH,015Si4 + 100H- + 2H,0 — 2[Al(OH)4]~ + 4[H»Si04]% (D)
SiOy + 20H™ — [HSi04]% 2)
NaAlSizOg + 60H~ + 2H,0 — [AI(OH)4]~ + 3[H,Si04]2~ + Na*t 3)
Zeolite crystallization:
Na® + AI(OH)4~ + 2H,Si042~ — NaAlSirOg-HoO + 40H- + H,0 4)
8Nat + 6A1(OH)4~ + 6H,Si042 —
NagAlgSigO24(OH)»-2H50 + 2Si0g2~ + 12H,0 + 100H- ®)]

At lower alkali concentrations, the availability of dissolved silica (HySi042~)
and alumina (Al(OH)4) is limited, favoring the formation of stable analcime
(ANA) zeolite. Conversely, at higher alkali concentrations, the increased dissol-
ution rate of minerals results in higher concentrations of AI(OH)4~ and H,Si0O42~
in solution.35 Additionally, the elevated concentration of OH~ can react with
atmospheric CO,, forming CO32-.36 Under these conditions, the zeolite frame-
work is more likely to incorporate larger anions such as CO32~ or OH-, facilit-
ating the crystallization of CAN, which accommodates these anions within its
channels.37

The quantitative investigation of ANA and CAN using the EDX technique
indicates that the ratio of Na to Al is below 1. On the other hand, the ratio of
Si/Al tends towards the theoretical optimal value, as shown in Fig. 4. The con-
centration of Al3* rises in correlation with the increase in NaOH concentration,
indicating that the production of CAN needs a more significant amount of AI3*
than the production of ANA. At a concentration of 1.2 M, the AI3* concentration
is too low to form a hydroxyl structure in CAN. As a result, the tetragonal tris-
octahedral ANA is formed.

CONCLUSION

Toraja natural minerals were successfully used in an alkaline solution to
synthesise ANA and CAN zeolites. These minerals contain montmorillonite,
feldspar and quartz, which are recognized as aluminosilicate minerals, making
them suitable as raw materials for zeolite synthesis. The provided SiO,/Al,O3
ratio was appropriate, negating the need for additional aluminosilicate sources.
The yields of the synthesized zeolites ANA and CAN were 42.25 and 45.60 %,
respectively. Zeolite formation design can be regulated by choosing the suitable
alkali content and reaction duration. The trapezohedral morphology of ANA-type
zeolites is characterised by uniform crystals and a surface area of 75.49 m?/g. By
comparison, CAN-type zeolites exhibit a cylindrical shape with a surface area of
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Fig. 4. EDX Spectra and chemical composition analysis of zeolites obtained from synthesis
using Toraja natural minerals.

43.03 m?/g. The mechanism for converting Toraja natural mineral powder into
zeolites is driven by dissolution and precipitation processes, commonly referred
to as recrystallization. The study proposes that Toraja natural minerals include
secondary functional units of zeolites, namely 4-, 6- and 8- membered rings.
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hemwe npuponHuX MuUHepasa. IIumb oBor paza je XugpoTepmaiHa CHHTe3a 3e0/IMTa IPU K0joj ce
Kao U3BOD alyMOCH/IMKaTa KOpHucTe Topaja MIpUpogHU MUHepanH. XuApoTepMaHa peakuuja
Topaja npupogHUX MUHEpaa, KOju ce JOMUHAHTHO CacToje 0 MOHTMOPHOHHUTA, Ca Pa3uiu-
TUM KoHLeHTpauujama NaOH pesynroBana je dopmupamem aHanuum (ANA) U KaHKPHHUT
(CAN) zeonuTa. McnuTtHBaHoO je U peakuroHO Bpeme dopMupama 3eonurta. Pesynratu nud-
pakuyje X-3pauema cy nokasanu ga ANA u CAN umajy TeTparoHajaHy ¥ X€KCaroHalHy KpHC-
TaJIHy CTPYKTYypy, penom. EDX ananusom je ompehen monapuu onHoc Si/Al 3a ANA 2,40 u 3a
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CAN 1,27. Y undpaLpBeHHUM CHEKTPUMa Cy JeTeKTOBaHe alCOPIIHOHEe Tpake y CIeKTPaHOj
odmactu ox 700-400 cm-1, yuju uHTEeH3UTeT pacte ca nopactom NaOH konuentpanuje. ANA
3€0JIUT MOKa3syje kapakTepUCTHU4YHe Tpake ucnof 650 cm-l, koje notuuy on Budpauuja ABO-
CTPYKHX IPCTEHOBA y BHET0BOj CTPYKTypH. JJoJaTHO, TPUIUIETHE Tpake Ha 676, 622 u 565 cm-!
Yy CHUHTETHCAaHOM MaTepujanuma MOTBPyjy KapaKTepUCTHYHY CTPYKTypy KaHKpuHuTa. CEM
aHa/lM3a je MokKasaja KpUCTalle aHaJIuLMMa Tpane3ouAHOr 00nuKa 4Mja je cpenma BeJMYMHa
24 pm u Kpucraje KaHKPUHHTA y 0OnuKky wWMNKYA gyxrHe 1,66 pm. Topaja mMuHepany,
nocedHO MOHTMODUOHHT, cafp)Ke cekyHIapHe u3rpahuBauke jemgHune koje pompuajy pasmu-
YHUTE 3E0/IUTE y 3aBUCHOCTH Of] PEaKLJMOHHUX yCII0Ba.

10.

11.
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13.

14.

15.

16.

17.

(Tpumiseno 12. oxrobpa, pesupupato 8. HoBembdpa 2024, npuxsahero 5. dhedpyapa 2025)
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