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Abstract: Zeolites are an alternative material for treating heavy metal-containing
waste. Synthetic zeolites exhibit excellent purity and particle size uniformity,
which has led many researchers to explore their synthesis, including the use of
natural minerals. This study aims to synthesize zeolites using the hydrothermal
method with aluminosilicate sources from Toraja natural minerals. Toraja
natural minerals, primarily composed of montmorillonite, hydrothermally react
with NaOH at varying concentrations to form analcime (ANA) and cancrinite
(CAN) zeolites. The research 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 molar
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 displays
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 um. 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.? Their structure is
characterized by a microporous crystalline framework composed . of tetrahedral
units of SiO4 and AlO.~, 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.> The negative charge generated by AI** ions
bonded to oxygen is balanced by cations such as Na*, K*, Ca*", and Mg?" 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 numerous
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 uniform
particle size, though their production is relatively costly.® Hence, the production 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®®, kaolin**2, and aluminum waste®3. These researchers
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 molecular
formula is NaAlSi2Os'H20, which has cavities occupied by Na* ions that can be
exchanged with other cations. Zeolitt ANA can be used as an adsorbent*,
catalyst'®, and 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 Nas[ AleSisO24]-2NaX-6H20, where X may
be OH~, NOs~, 4COs?, or ¥4S0.2". Given its significant cation exchange capacity,
CAN has the potential to serve for the removal of metal ions!’ and nitrate ions in
groundwater samples.®

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 Ca>" ion concentrations in water
sources. Kartawa and Kusumah’ also reported that Toraja natural minerals are used
in aquaculture (shrimp farming), agriculture, waste absorption, and other industrial
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fields. However, the synthesis of these minerals into other types of zeolites 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.

This study synthesized zeolites using a hydrothermal method and direct
synthesis, without pre-activation and without using organic templates in the zeolite
precursors. This method is considered simple, rapid, and environmentally friendly
due to the absence of organic templates that must be removed after synthesis. The
synthesis of zeolites follows the principle of recrystallization'®, where the
mechanism involves dissolving silica and alumina from natural minerals under
alkaline conditions, followed by the zeolite crystal formation process. Synthesis
was carried out with varying NaOH concentrations (1.2, 2.5, 5 M) and reaction
times (12, 24, 72 hours). X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD),
and Scanning Electron Microscope Energy Dispersive X-Ray (SEM-EDX) can be
employed to analyse the properties of the synthesised zeolites. Furthermore, the
zeolite framework can be examined for its functional groups by Fourier Transform
Infrared spectroscopy(FTIR). The specific surface area and the distribution 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
Chemical 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 (NaOH) pro-analysis (in pellets 99 % concentration, Merck) was
purchased from Intraco (Makassar, Indonesia), and distilled water.

Hydrothermal synthesis of zeolite from Toraja natural minerals

Zeolite synthesis was performed using a hydrothermal method. A 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% (w/w) of the mixture, was added to the NaOH solution.
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 hours. 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 hours. Different concentrations of NaOH were
used, specifically 2.5 M and 5 M. Additionally, the reaction time was varied by repeating the
process at a NaOH concentration of 5 M for 12 and 24 hours. The solid products were further
analysed by XRD, FTIR, SEM-EDX, and SAA.

Characterization: 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. X-ray diffraction (XRD) patterns were analyzed using a Shimadzu X-ray
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diffractometer with Cu Ko 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 (1IZA),
the files of the Joint Committee on Powder Diffraction Standards (JCPDS), and related
publications. Fourier Transform Infrared (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 Brunauer-Emmett-Teller (BET) method. Porosity size distribution was evaluated
simultaneously using the Barrett-Joyner-Halenda (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 1
provides the chemical composition of the Toraja natural minerals. The mineral
powder primarily contains SiO. and AlOs, with an SiO»/ALO; ratio of 1.51,
making it suitable for use as a raw material for synthesizing zeolites with a low
Si/Al ratio.?

The XRD pattern indicates that Toraja natural minerals are crystalline, as
shown in Figure 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 magnetite (ICDD 00-0551) 13.0 %. Additionally, the FTIR spectrum
results indicate Toraja natural minerals as aluminosilicate-containing materials
(Figure 1b). Spectral peaks at 3621 and 1633 cm™ correspond to the stretching and
bending vibrations of O-H groups caused by water molecules that are confined
within the crystal lattice.?* The absorption band at around 993 cm is characteristic
of the asymmetric stretching vibration of Si-O-Si. The band corresponding with
the 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™. In addition,
the peaks at 516 and 464 cm correspond to the bending vibrations of Al-O-Si and
Si-0-Si.??
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TABLE 1. Composition of Toraja natural minerals

Analyte Result (%)
SiO, 56.55
Al,O3 37.39
K20 2.50
Fex0s3 1.97
Ca0 1.20
TiO, 0.30
MnO 0.05
V>05 0.02
Zn0 0.01

intensity(%)

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
wavenumber(cm’')
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Fig. 1. a) XRD pattern; b) FTIR spectrum; ¢)SEM image of Toraja natural mineral

Figure 1c illustrates the morphology of Toraja natural mineral particles, which
are sheet-like—a characteristic of montmorillonite, which consists of silica
tetrahedral and octahedral sheets.?® Overall characterization results show that
Toraja natural minerals consist of montmorillonite with multiple phases, thus
enhancing their potential utilization through further processing.
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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 temperature of
170°C, with varying concentrations and reaction times. The hydrothermal
conversion of Toraja natural minerals into zeolites involves the dissolution of
montmorillonite, quartz, and feldspar, followed by zeolite crystallization. Table 2
presents the experimental parameters for synthesising zeolites from Toraja natural
minerals .

TABLE 2. Experimental parameters for synthesising zeolites from Toraja natural minerals

Sample NaOH Hydrothermal Mineral type Rendemen Crystallinity
(mol/L) condition of sample (%) (%)
T (°C) T (h)
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
P3c 5.0 170 12 CAN 38.94 68.87

The X-ray diffraction (XRD) patterns of the synthesised samples exhibit
distinct zeolite types, as shown in Figure 2. At a concentration of 1.2 M, zeolite
ANA is formed. ANA tends to form at low base concentrations.?* Under these
conditions, the increased Si content promotes the growth of the metastable
analcime phase. As the concentration 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 is because NHI forms if the NaOH concentration is
suboptimal for CAN formation, specifically at concentrations of 2-4 M. At even
higher concentrations, 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 concentration changes the crystal phases from ANA to NHI to
CAN.

The crystal structure of ANA comprises a silica-alumina framework, cavities,
cations, and irregular channels.? 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* cations are located in octahedral coordination. Water molecules
(H20) occupy continuous channels along a triple screw axis, formed by the
coordination of [AlO4]” and [SiOs] tetrahedra. Silicon (Si) and aluminum (Al)
atoms are unevenly distributed within the lattice?.

In contrast, the crystal structure of CAN zeolite is characterized by a
hexagonal framework formed by several five-membered rings of tetrahedra
organized in an ABAB sequence. The adjacent layers of six-membered rings are
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2.440
Crystal system Tetragonal Hexagonal

The XRD results of zeolite synthesis with varying the duration of reaction are
shown in Figure 2b. The results suggest that variations in the duration of reaction,
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specifically 12, 24, and 72 hours, have a negligible effect on the characteristics 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 hours of reaction time shows a magnetite peak at 20 = 35°,
indicating incomplete dissolution during the reaction. In contrast, comparing the
overall 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 2).

Figure 2c displays the FTIR spectra of the successfully produced zeolites
(ANA and CAN). The results show spectral bands consistent with aluminosilicate
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 cm™ and 1630 cm™. The asymmetric stretching vibrations of T-
O tetrahedra (T = Al, Si) are represented by the band around 950 cm™, whereas the
symmetric stretching vibrations of T-O are represented by the region between 720-
650 cm™ While the spectral around 460 em™ corresponds to the bending vibration
of T-O-T bending!*?,

ANA zeolite has distinctive spectral characteristics below 650 cm™,
corresponding to double-ring vibrations within its structure?. In the case of CAN,
the area between 700 and 500 cm™ is made up of a triplet band (676, 622, and 565
cm™), which shows the vibrations of the 4, 6, and 12-membered rings and is related
to the unit cell parameters®. 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 COz groups®. These elements can be found in CAN pores that are
obtained. from high-concentration solutions. Furthermore, the characteristic
features of NHI are evidenced by the presence of spectra in the mid-range of 3200
and 3500 cm™, signaling the presence of water®. Nepheline is an intermediate
phase in the synthesis of cancrinite, which is present as an impurity=°.

Figure 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 3 shows the BET
surface areas and total pore volumes obtained from the synthesis of zeolites using
Toraja natural minerals, specifically ANA and CAN.
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Fig. 2..a) XRD pattern of Toraja natural minerals and sample synthesized at 1.2; 2.5; 5.0 M of
NaOH (*ANA, mNHI, e CAN) b) XRD pattern of the sample that was synthesized with SM
NaOH with variated of reaction time c)The spectrum of FTIR within the wavelength range of
4000-400 cm® of Toraja natural minerals and sample synthesized at 1.2; 2.5; 5.0 M of NaOH
d) Ny isotherm adsorption-desorption of ANA and CAN zeolite

TABLE 4. Surface area and porosity of ANA and CAN

Materials BET surface area Volume total pore Average pore size
(m?/g) (cc/g) (hm)
75.49 0.19 497
43.03 0.07 6.84

The SEM images of the synthesized samples at various NaOH concentrations
(formation duration of 72 hours, temperature of 170°C) are shown in Figure 3.
Figure 3a shows zeolite ANA synthesized at a NaOH concentration of 1.2 M,
exhibiting an isometric trapezoidal crystal morphology. The observed crystals
have an average maximum length of 24 pm. A similar trapezohedral morphology
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was reported by Novembre and Gimeno with crystal sizes of 25 pm.
Furthermore, Amin et al.° achieved a comparable result by synthesizing ANA
from Mesawa feldspar with crystal dimensions ranging from 13 to 24 pm, 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.

SU500 10,0kV X500 SE

'
0 10,0KV-X5.00k SE

Fig. 3. SEM lllustration of a zeolite sample obtained from the Toraja natural mineral, shown
at various levels of magnifications
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Figure 3b presents a zeolite CAN combination with an NHI phase mixture
produced using a 2.5 M NaOH concentration. The result reveals needle-like rod-
shaped CAN crystals, characteristic of the hexagonal cancrinite crystal structure.
The CAN crystals are interspersed with shorter and larger rod-shaped NHI
crystals®®, Synthesis at this concentration achieved good crystallinity, with the
starting material fully dissolved in NaOH, although two crystal phases are present.
Figure 3c depicts CAN with a single mineral phase synthesized at a NaOH
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.

The conversion of natural Toraja minerals into zeolites involves the
dissolution of montmorillonite, quartz, and  feldspar, followed by zeolite
crystallization, as described in chemical reaction equations (1-5). Amaya et al®*
reported that montmorillonite undergoes significant silicon dissolution under basic
conditions. Similarly, quartz readily dissolves in alkaline solutions. However,
feldspar dissolution occurs in three distinct steps: (1) ion exchange between alkali
metal cations (M*, where M = K, Na, or Ca) and H*; (2) breaking of Al-O bonds;
and (3) hydrolysis of Si—O-Si bonds, resulting in the release of M*, AI(OH)a", and
H2S104+ 2

At lower alkali concentrations, the availability of dissolved silica (H2SiO4>")
and alumina (Al(OH)s") is limited, favoring the formation of stable analcime
(ANA) zeolite. Conversely, at higher alkali concentrations, the increased
dissolution rate of minerals results in higher concentrations of Al(OH).~ and
H.SiO+*in solution®. Additionally, the elevated concentration of OH" can react
with atmospheric COz, forming COs* ions®. Under these conditions, the zeolite
framework is more likely to incorporate larger anions such as COs*> or OH",
facilitating the crystallization of cancrinite (CAN), which accommodates these
anions within its channels®’.

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 Figure 4. The
concentration of AI** rises in correlation with the increase in NaOH concentration,
indicating that the production of CAN needs a more significant amount of Al**
than the production of ANA. At a concentration of 1.2 M, the AI** ion
concentration is too low to form a hydroxyl structure in CAN. As a result, the
tetragonal trisoctahedral ANA is formed.

Mineral dissolution

Al2H2012Sis +100H" + 2H20 — 2[Al(OH)4] + 4[H2Si04]* (1)
SiO2 + 20H" — [H2Si04]* )
NaAlSizOs + 60H" + 2H20 — [Al(OH)4] + 3[H2Si04]*+ Na* (3)
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Zeolite crystallization

Na* + Al(OH)4+ + 2H2Si04% — NaAlSi206.H20 + 40H" + H20 (4)
8Na* + 6AI(OH)s+6H2Si0s* —

NasAlsSis024(OH)2.2H20+2Si0s?* + 12H20 + 100H- (5)
Element | Atomic(%) Element | Atomic(%)
ANA 0 61.15 i % C 34.43
S Na 5.58 with o 41.21
Mg 2.46 NHI Na 8.07
Al 9.11 : —_— Mg 071
si 21.71 : Al 6.71
y Si/Al 238 ” i1 si 8.87
Na/Al 0.61 J Si/Al 1.32
i il Na/Al 1.20
Element | Atomic(%)
CAN o 55.23
Na 15
Mg 1.19
Al 12.6

a l| si 15.97
Si/Al 1.27
c J Na/Al 1.19

Fig. 4. EDX Spectra and chemical composition analysis of zeolites obtained from synthesis
using Toraja natural minerals.

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 SiO2/Al20s 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
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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H3BOJ

CHHTE3A Y KAPAKTEPHU3ALIMJA 3EOJIMTA IOBHUJEHOT OJ1 TOPAJA ITPUPOIHOI!
MOHTMOPHOHHUTA

PAULINA TABA!, ST. FAUZIAH', HASNAH NATZIR!, NUNUK H. SOEKAMTO!, ROSALIA S. SARUNGALLO? NUR W.
NAHRU!, YULI ASTUTI!, AND IDA I. AMIN?

!Department of Chemistry, Faculty of Science, Hasanuddin University, Indonesia, 2Chemical Engineering,
Kristen Indonesia Paulus Makassar University, Indonesia, and *Department of Technological of Metallurgy
Extraction, Faculty of Vocational, Hasanuddin University, Indonesia.

3eonuTy Cy alTepHATUBHU MaTepHjaiy 3a TPETMaH OTHada KOjH Cagp)KU TELIKe MeTae.
CHHTEeTHUKe 3e0/IMTe KapaKTepHile U3y3eTHa yucToha 1 YHU(MOPMHOCT YECTHLIA, 11 je BETUKOM
Opojy ucTpakMBaua Ofl WHTepeca yHarpeheme HBHUXOBe CHHTe3e, yKbydyjyhu u kopuurheme
MPUPOJHUX MUHepasna. Llub oBor paza je xumpoTepMainHa CHHTe3a 3e0/dTa IPH KOjoj ce Kao
U3BOPp alyMOCHIMKaTa kopucre Topaja NpUpogHU MUHepaly. XugporepMaiHa peakuyja Topaja
NPUPOJHMX MHUHEpasa, KOju Cce NOMUHAHTHO CacToje’ 0f MOHTMOPHUOHMTA, Ca PasIHYUTUM
KoHUeHTpanjama NaOH pesynrosana je dopmupamem aHanuuM (ANA) v kaHkpuHUT (CAN)
3eonuta. McnuTHBaHO je ¥ peakMOHO BpeMe dhopmupama 3eonura. Pesyntatu nudpakuuja X-
3pauema cy mnokazanud ga ANA u CAN HMajy TeTparoHalHy M XeKCarOHaJIHY KPUCTAJIHY
cTpyKTYpYy, penom. EDX ananusom je oxgpehen monapuu ogHoc Si/Al 3a ANA 2,40 u3a CAN 1,27.
Y uHbpaLpBeHUM CIEKTPUMA CY [eTeKTOBaHE allCOPILIMOHE TPaKe Y CIEKTPaIHOj 00acTd Of
700-400 cm™, unju uHTEH3UTET pacTe ca mopactom NaOH konuenTpanuje. ANA 3eomurt noxasyje
KapaKkTepUCTHYHe Tpake ucrnon 650 cm™’, koje moTudy o BUOpaluja ABOCTPYKHX TPCTEHOBA Y
EroBoj CTpyKTypu. CyIpoTHO, TPUIUIETHE Tpake Ha 676, 622, and 565 cm™ y CHHTeTHCaHOM
MarepHjanrma NoTephyjy KapaKkTepuCcTUUHY CTPYKTYpy kaHkpuHUTa. CEM aHanu3a je noxasasna
KpHUCTaJle aHa/lULKMMa TPale3ouJHOr OD/MMKa 4Ydja je cpenira BeJWYMHA 24 pm M KpHCTaie
KaHKpPHUHHTA y ODIUKY WWNKK AyxuHe 1,66 pnm. Topaja MUHEpaiaH, TOCEOHO MOHTMOPHOHHT,
campixe ceKyHIapHe usrpahBauke jeqHule Koje (pomMpHajy pasiuyuTe 3e0JIUTe y 3aBUCHOCTH Off
PEaKLOHUX YCII0Ba.

(ITpumrsero 12. okrobpa 2024; pesupupaHo 8. HoBemOpa 2024; mpuxsaheno 5. dhedpyapa 2025.)
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