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Anorthosite was used as the alumina source while applying a hydrothermal method for the synthesis of ZSM-5. The anorthosite
sample, obtained from the Soji-Bikilal region of Ethiopia, was pre-treated and activated with NaOH at a 1:2 (wt/wt) ratio.
ZSM-5 type zeolites were made from the anorthosite rock utilising hydrothermal synthesis at reaction times of (24, 48, and 96)
h at a reaction temperature of 100 °C, in accordance with the alkaline fusion technique. UV-vis spectra, X-ray diffraction, scan-
ning electron microscopy and BET surface area were used to characterize anorthosite and synthesized ZSM-5 zeolite. The high-
est noticeable reflection peak for the ZSM-5 zeolite synthesised at the reaction temperature of 100 °C and reaction time of 96 h
was at 24.7°, showing that the material was extremely crystalline. According to their microstructures, anorthosite features platy
crystals and amorphous particles, while ZSM-5 zeolite exhibits spherical crystals with some amorphous gel.
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Avtorji v ¢lanku opisujejo raziskavo uporabe anortozita za hidrotermalni postopek sinteze ZSM-5 (Ca-Na alumo-silikat). Vzorce
anortozitne skalovine so dobili na podroc¢ju Soji-Bikilal v Etiopiji in ga za sintezo uporabili kot vir aluminija. Pred sintezo so ga
tudi obdelali in aktivirali z NaOH v masnem razmerju 1:2. Zeolite tipa ZSM-5 so avtorji izdelali iz skalovitega anortozitnega
nahajaliS¢a z uporabo hidrotermalne sinteze pri 100 °C in reakcijskih ¢asih (24, 48 in 96) ur v pogojih alkalne fuzijske tehnike.
Za karakterizacijo anortozita in sintetiziranih ZSM-5 zeolitov so uporabili spektroskopijo v ultravijoli¢ni in vidni svetlobi
(angl.: UV-vis spectra), rentgensko difrakcijo (angl.: X-ray diffraction) in vrsticno elektronsko mikroskopijo (SEM; angl.:
scanning electron microscopy). Z BET metodo so dolo¢ili tudi njihov specifi¢ni povrSinski presek delcev (BET; angl.: Brunauer,
kristalinicen ZSM-5 zeolite, sintetiziran pri 100 °C in trajanju reakcije 96 ur. Karakterizacija anortozita in ZSM-5 zeolitov je
pokazala njihovo sestavo v obliki plo$¢icastih kristalov, amorfnih delcev, kristalov v obliki kroglic, in nekaj amorfnega gela.

Kljuéne besede: anortozit, zeolit, hidrotermalna sinteza, ZSM-5
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1 INTRODUCTION

Zeolites exhibits a three-dimensional tetrahedral
framework structure, consisting of aluminosilicates with
AlO, and SiO4 compounds. Molecularly sized holes
within the crystal confer various characteristics, such as
molecular sieving,' cation exchangeability,>* adsorption,
and catalysis.* These materials attract substantial com-
mercial attention owing to their distinctive pore dimen-
sions reflecting high-value chemical dynamics.’> Spe-
cifically, ZSM-5 zeolites have garnered significant
research focus for their exceptional ability to selectively
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convert chemicals in various industrial applications.®’
Zeolites find extensive applications in environmental
clean-up, biotechnological applications, pharmaceutical
uses, catalytic activity and gas sensing.®® Though natu-
rally occurring zeolites are widely accessible, the current
emphasis is on synthetic zeolites because of their ease of
production in a pure form, superior ion exchange capaci-
ties, and consistent size. ZSM-5 is one of the synthetic
zeolites.!” In the context of the methanol-to-hydrocar-
bons (MTH) reaction, ZSM-5 zeolites consistently ex-
hibit elevated selectivity towards light aromatics, like
xylene-BTX, toluene, and benzene.''-!* This process
stands out as a significant innovation in the ongoing ex-
ploration of zeolites and processes related to heteroge-
neous catalysis.'® Traditional ZSM-5 zeolites exhibit a
considerable grain size at the micrometer level. This
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characteristic unavoidably prolongs the residence time of
products and macromolecular intermediates within the
inter-channel space.'* Consequently, the narrow pores of
these zeolites are susceptible to rapid blockage due to
coke deposition, resulting in a prompt deactivation of ze-
olite catalysts.

Numerous techniques have been employed to aug-
ment the diffusion properties and improve the catalyst
performance of ZSM-5 zeolites. These methods include
the preparation of hierarchical ZSM-5">-17 structures and
the utilization of nano-sized ZSM-5 configurations.'8-2!
The catalytic efficiency of hierarchical ZSM-5 is notably
elevated due to the favorable attributes of both meso-
porous materials and microporous zeolites. Regarding hi-
erarchical ZSM-5 zeolites, the micropores within these
structures demonstrate exceptional shape selectivity to-
ward the intended main yields. Moreover, the inclusion
of mesopores offers benefits in facilitating the transfer of
macromolecules, resulting in a noteworthy enhancement
of the coke-handling capability of these zeolites. In
ZSM-5 with nano-sized particles, a diminished micro
size signifies a shorter internal diffusion path, facilitating
a swift transmission of large macromolecular yields
within a short timeframe.

Consequently, the deactivation of the catalyst due to
pore blockage slows down, leading to a significant exten-
sion in the catalyst lifetime for these zeolites.

Numerous techniques have been established for zeo-
lite synthesis, including molten salt treatment, hydrother-
mal treatment, hydrothermal treatment following alkali
melting, and hybrid procedures.?>?> The hydrothermal
approach is extensively employed in zeolite synthesis
due to its simplicity, scalability, and low energy require-
ments.!2¢ ZSM-5 is predominantly produced through

hydrothermal synthesis utilizing an organic cation tem-
plate from an alkaline silicate-aluminate mother liquid.
Its exceptional thermal and acid stability, high selectiv-
ity, and activity in catalytic transformations, especially in
shape-selective catalysis, make ZSM-5 indispensable for
industrial applications. It is widely utilized as a catalyst
in the petrochemical sector for isomerization, alkylation,
and aromatization processes, resulting in substantial de-
mand.?” The synthesis of zeolite during a hydrothermal
process is influenced by factors such as alkalinity, pres-
sure, temperature, ageing process, and the development
of crystallization nuclei.?® In this study, the hydrothermal
technique was employed to manufacture ZSM-5 zeolite
from anorthosite rock, a natural aluminum silicate. The
resulting material underwent comprehensive chemical
and physical characterization.

1.1 Anorthosite rock

Anorthosite, a rock comprising over 90 % plagio-
clase, a highly aluminum-rich and acid-soluble silicate
mineral, is prevalent in the basement rocks of Norway
and Greenland.? The chemical formula for anorthosite
mineral is CaAl,Si,Os. Proterozoic features massif-type
anorthosite magmatic rocks.*® Lunar anorthosite, a sig-
nificant rock in the lunar highlands, forms through
plagioclase floatation in the lunar magma ocean (LMO),
shedding light on the early magmatic origin of terrestrial
planets. Separating plagioclase with a low crystal per-
centage from the magma ocean is crucial for generating
pure lunar anorthosite, as crystal networks impede syn-
thesis when magma’s crystal percentage exceeds
40-60 ¢/%.3' Shallow magma systems in major igneous
provinces and mid-ocean ridges contain plagioclase-rich
cumulates, reflecting three eras of the original lunar
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Figure 1: Geology and mineralization map of Soji-Bikilal, Ethiopia: location of anorthosite rock>>
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crust: primordial, Archean megacrystic, and Proterozoic
massif-type anorthosite.’? Investigating natural shear
zones in the anorthositic Marcy massif in the Adirondack
Mountains of New York, Hodge (2019) aimed to address
knowledge gaps.’* The Marcy anorthosite, located in the
Adirondack Highlands, represents the southernmost
point of the Grenville Province on Canada’s east coast.?
In the Soji-Bikila region, Western Ethiopia, the primary
lithological units include olivine gabbro, hornblende
gabbro and hornblendite, and anorthosite. The geology
and mineralogy map of anorthosite in the Soji-Bikila re-
gion, Western Ethiopia, is illustrated in Figure 1.

Recent scientific efforts have focused on utilizing
natural minerals to synthesize zeolites, expanding be-
yond traditional raw materials like kaolin, andalusite,
kyanite, sillimanite, and fly ash. Zeolites can now be de-
rived from diverse sources with a high silicon-to-alumi-
num ratio, offering economic advantages compared to
synthetic substrates.’®* ZSM-5, a prominent zeolite, func-
tions as a catalyst for hydrocarbon catalytic cracking due
to its distinctive pore structure, acidity, and admirable
thermal and hydrothermal firmness.*37-%

2 MATERIALS AND METHODS

All materials utilized in the preparation of zeolites
were of analytical reagent grade. High-purity sodium hy-
droxide (NaOH) was employed as the activating agent
for a raw anorthosite rock, serving the dual purpose of
activation and pH adjustment during the gel formation
process. Concurrently, pH adjustment was achieved us-
ing analytical-grade sulfuric acid until the gel formation
was realized. Anorthosite sourced from the Bikilal-
Ghimbi region in Western Ethiopia was utilized as the
precursor source for the preparation of ZSM-5 zeolite.
Distillate was employed for the preparation of slurry and
cleaning of the crystal zeolite.

During the agitation procedure for dissolving Si and
Al salts, a hot plate served as the heat source. The syn-
thesized zeolite underwent drying in an electric oven.
The activation of the raw anorthosite and sodium hy-
droxide mixture was achieved using an electric furnace
(Nabertherm L-154K1LNI1B1, Germany), and pH levels
during gel formation were monitored using a pH meter
(Thermo Fisher Scientific, Thermo Scientific Orion Star,
Al11 Benchtop, USA). A centrifugal separator facili-
tated the separation of the transparent solution post-gel
formation and hydrothermal processing. Crystalline zeo-
lite production utilized a digital autoclave (Digital Auto-
clave Lx-B 35L, Labdex, UK). Subsequent to the zeolite
synthesis, description procedures, including X-ray dif-
fraction (Bruker D8-Advance, USA), scanning electron
microscopy (JEOL JSM-6390 LV, USA), BET surface
area analyzer (BET-X3000, Labdex Ltd, UK), and
UV-2400 PC spectroscopy (UV-2400 PC Spectrophoto-
meter, Labdex, UK), with a diffuse reflectance accessory,
were applied. The instrumentation utilized for character-
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izations was accessible at Addis Ababa University of
Science and Technology, Ethiopia.

2.1 Anorthosite collection and preparation

To produce ZSM-5 zeolite, the raw material was ob-
tained from an anorthosite rock located in the
Soji-Bikilal region of Western Ethiopia, approximately
405 kilometers from Addis Ababa. Anorthosite was sub-
jected to air drying at room temperature, followed by ini-
tial crushing using a crusher and subsequent sieving with
a 75 pym pore size.

To activate the raw anorthosite, a mixture of NaOH
and anorthosite powder was prepared at a weight ratio of
1:2 (wt/wt). Specifically, 20 g of anorthosite powder and
24 g of NaOH were combined in a crucible, and the re-
sulting mixture was subjected to activation in a furnace.
The activation method involved heating the crucible to a
temperature of 450 °C for a period of 12 h. Subse-
quently, 800 g of anorthosite were immersed in 1.5 liters
of water, adhering to a solid-to-liquid ratio of
1/1.9 g/mL, to form slurry. This slurry was allowed to
soak for 24 h to facilitate dissolution of impurities and
undesirable components. After soaking, the slurry under-
went sieving with a mesh size of 350 um, followed by
drying after decanting the top surface water. To ensure
the exclusion of particles larger than 100 pm, the result-
ing dry cake was ground and sieved according to the
techniques revealed by Mgbemere et al. (2018).%°

The resultant powder, derived from the activated an-
orthosite-NaOH reaction, was dissolved in distilled water
with a solid-to-liquid ratio of 1/4.9 g/mL of the fused
product. During this phase, the slurry underwent heating
on a magnetic stirrer hot plate, with vigorous stirring at a
temperature of 100 °C for varying reaction times of (24,
48, 96) h.* Upon agitation and subsequent filtration, a
clear solution was obtained. By reducing the pH of the
filtered solution below 10 through the addition of H,SO4
while stirring, a white amorphous gel was formed. Sub-
sequently, the newly formed gel was transferred to a
sample container for hydrothermal processing. Hydro-
thermal treatment was conducted in an autoclave, where
the gel aged for 2 h before being placed in a 443 K oven
for an additional 72 h. The final product underwent mul-
tiple centrifugation cycles to achieve a neutral pH, fol-
lowed by drying at 373 K for 12 h. The resulting mate-
rial was then finely ground into a powder and sieved to a
particle size of 75 pm for subsequent analyses.

2.2 Anorthosite and zeolite characterization

The textural properties of both anorthosite and syn-
thesized ZSM-5 zeolite were evaluated through N, ad-
sorption using a Micromeritics TriStar device at 77 K.
Prior to analysis, the samples underwent vacuum degas-
sing and were dried at 473 K for 2 hours. X-ray powder
diffraction patterns, recorded in a 26 range of 5° to 70°
with Cu Ko radiation at a scanning rate of 2 °/min, were
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employed to identify the crystalline structures of anor-
thosite and synthesized ZSM-5 zeolite.* Scanning elec-
tron spectroscopy (SEM) was utilized to examine the
morphology of the materials, with a thin gold coating ap-
plied to enhance conductivity. Morphological details
were further elucidated by combining energy-dispersive
X-ray (EDX) mapping with SEM for both anorthosite
and synthesized ZSM-5 zeolite samples. Furthermore,
the chemical characteristics of synthesized ZSM-5 zeo-
lite and anorthosite were investigated using UV-vis spec-
troscopy.

3 RESULTS AND DISCUSSION
3.1 Anorthosite and ZSM-5 zeolite textural description

Textural features of anorthosite and synthesized
ZSM-5 zeolite samples were determined through nitro-
gen adsorption measurements at 77 K. The obtained sur-
face characteristics, encompassing BET surface area
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Figure 2: a) Nitrogen adsorption isotherms for anorthosite and ZSM-5
zeolite synthesized over reaction times of (24, 48 and 96) h, and at a
reaction temperature of 100 °C, b) isotherms depicting the adsorption
and desorption of N for ZSM-5 zeolite, generated at a reaction tem-
perature of 100 °C and over a reaction time of 96 h
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(SBET), total pore volume (Vp), and average pore
diameter (d,.), are documented in Table 1. Anorthosite
exhibited the smallest surface area among the synthe-
sized materials, indicating lower pore abundance of its
structure. This observation is significant as it provides
insights into the porosity of anorthosite, with potential
implications for its performance across diverse applica-
tions. Conversely, ZSM-5, a zeolite synthesized over 96
h, demonstrated the highest surface area, specifically 150
g/m?. This outcome suggests a direct correlation between
the surface area and reaction time, implying that pro-
longed reactions lead to larger surface areas. A plausible
explanation for this phenomenon is the generation of ad-
ditional pores during the gel formation and subsequent
hydrothermal treatment processes. This underscores a di-
rect impact of synthesis duration on the porous structure
of the material. The gel formation and hydrothermal
treatment processes are believed to contribute to the cre-
ation of extra pores, thereby augmenting the surface
area.

Understanding the relationship between synthesis
conditions and material properties is pivotal for tailoring
materials with specific characteristics for diverse appli-
cations. The enhanced surface area of ZSM-5 synthe-
sized over 96 h is advantageous in applications requiring
high surface area and porosity, such as catalysis or ad-
sorption processes. A study by Smail et al. (2019) pro-
duced a similarly uniform mesoporous zeolite ZSM-5
catalyst with surface areas, pore diameters, and volumes
comparable to those from the present investigation.*! Ad-
ditionally, the surface area result aligns with the findings
by Yang et al. (2020), who explored the impact of hydro-
chloric acid-treated HZSM-5 zeolite.*! In comparison,
Yang et al. (2020) observed that the addition of hydro-
chloric acid (HCI) increased the specific surface area
(175.0 to 300.4 m?*/g) of HZSM-5 zeolite, expanding
both microporous and mesoporous materials. However,
this expansion reached a limit as the concentration of
HCl increased.*

Table 1: Surface characterizations of anorthosite rock and hydrother-
mally synthesized ZSM-5 zeolite at various temperatures

Sample type Sa (m%g) | Vp(cm’/g) | Dy (nm)

Anorthosite 40.8 0.112 2.600
ZSM-5 for 24 h 120.2 0.134 2.488
ZSM-5 for 48 h 132.8 0.1986 2.479
ZSM-5 for 96 h 150.4 0.2420 2.320

Nitrogen adsorption and adsorption-desorption iso-
therms of ZSM-5 zeolites, synthesized at different reac-
tion durations (24, 48, and 96 h) under a constant reac-
tion temperature of 100 °C, are depicted in Figures 2a
and 2b. The isotherms across all samples exhibit charac-
teristics typical of mesoporous materials. This distinction
is significant as it offers insights into the inherent porous
structure of the produced ZSM-5 zeolites. The meso-
pores and adsorption mechanism are likely outcomes of
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the synthesis, caused, particularly, by the reaction time
and temperature. The protracted reaction times may con-
tribute to the generation of additional pores, thereby in-
fluencing the mesoporous nature of zeolite.*3

3.2 X-ray diffraction and SEM investigation of anor-
thosite and ZSM-5 zeolite

The X-ray diffraction curves of anorthosite and
ZSM-5 zeolite synthesized over various reaction times
(24, 48, and 96 h) at a constant reaction temperature of
100 °C are presented in Figure 3. The anorthosite pat-
tern exhibits a notable presence of impurities, particu-
larly quartz, evidenced by low-intensity peaks at 20 =
8-10° and 260 = 24-30°. Mullite, forming a chemically
stable glassy surface layer atop quartz, contributed to a
highly intense peak. Despite the discernible quartz peak
in the anorthosite raw material curve, the presence of
amorphous material is observed. Upon anorthosite treat-
ment, sharp and highly intense diffraction peaks emerge,
indicative of the zeolite formation. Concurrently, certain
mullite and quartz peaks diminish, while new peaks ap-
pear. The XRD patterns of ZSM-5 produced from anor-
thosite and obtained with hydrothermal processing, dis-
play more distinct peaks. Figure 2 demonstrates that,
except for anorthosite, all samples display characteristic
diffraction peaks at (260 = 7.2°, 8.4°, 15.6°, 21.7°, 24.8°,
30.1°, and 45.1°), consistent with the zeolite structure. In
alignment with our findings, Guo et al. (2011) investi-
gated the synthesis and characterization of hierarchical
ZSM-5 zeolites using hydrothermal techniques and
organosilanes as additives. Their study revealed typical
diffraction peaks at 20 of 24.40°, 23.90°, 23.18°, 14.78°,
8.80° and 7.92° mirroring the observations in our current
investigation.**

This outcome aligns with the findings from a prior in-
vestigation conducted by Wang P. et al. (2007), wherein
ZSM-5 zeolite was produced from anorthosite.?” The
XRD patterns reveal that the ZSM-5 zeolite, subjected to
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Figure 3: XRD curves of anorthosite and ZSM-5 zeolite synthesized
over (24, 48, and 96) h at a reaction temperature of 100 °C
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a 96-h reaction time, exhibits the most prominent peak,
followed by the 48-hour sample, while the 24-hour re-
sponse time yields the lowest peak intensity. This trend
suggests that the reaction time during the gel formation
exerts a discernible influence on crystal development, as
evidenced by the XRD pattern. Furthermore, a direct
correlation is observed between the synthetic zeolite’s
crystal size and peak intensity. In general, the findings of
this study indicate a substantial transformation of anor-
thosite into high-purity ZSM-5 zeolite. However, resid-
ual quartz from the raw material persists in the synthe-
sized materials. The increased crystallite dimensions of
the zeolite are attributed to a higher presence of pores
and voids, as the structural periodicity of zeolites inher-
ently promotes these characteristics.*4¢

Scanning electron microscopy (SEM) was employed
to thoroughly investigate the morphological characteris-
tics of both anorthosite and ZSM-5 zeolite under differ-
ent experimental conditions. Samples were collected at
intervals of (24, 48, and 96) h, all treated at a consistent
reaction temperature of 100 °C, as depicted in Figure 4.
Remarkably, anorthosite exhibits no observable crystal
features, suggesting that its structural attributes may not
be readily discernible under the specified reaction condi-
tions. However, a notable transformation is noted after a
24 h reaction period, characterized by attempts to induce
the formation of a foam-like structure. Subsequently,
with an extension of the reaction period to 48 h, there is
a distinct shift as spherically shaped crystals begin to
emerge. The present study aligns with the findings of
Anuwattana et al. (2008) on the synthesis of a uniform
mesoporous zeolite ZSM-5 catalyst for Friedel-Crafts
acylation.*’

The temporal evolution in morphology becomes
more pronounced over the 96 hr period, when the ZSM-5
crystal exhibits well-defined and fully developed spheri-
cal shapes. This outcome align with the observations
made by Sanhueza et al. (2004) during the synthesis of
ZSM-5 from diatomite.!'! Sanhueza et al. (2004) ob-
served spherical and cubic shapes after 20 h at 150 °C,
suggesting a correlation between the response time (96
h) and the detection of spherical shapes in the current
study using a lower temperature. The greatest
crystallinity of ZSM-5 was observed after 24 h, indicat-
ing that 150 °C for 24 hours was the optimal temperature
for the ZSM-5 synthesis. Similar results were reported
by Anuwattana et al. (2008), regarding the hydrothermal
formation of zeolite ZSM-5 from cupola slag, carried out
both conventionally and via microwaving.*’ This report
on morphological transitions underscores the dynamic
impact of reaction time on the structural development of
ZSM-5 zeolite, providing valuable insights into the ki-
netics and mechanisms governing its synthesis. In addi-
tion to facilitating a detailed observation of these intri-
cate morphological changes, SEM also positioned itself
as an indispensable tool for unraveling the complex in-
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Figure 4: SEM figures of: a) anorthosite and ZSM-5 zeolite obtained at the reaction temperature of 100 °C and reaction times of b) at 24 h,

c)at48h,d)at96 h

terplay of factors shaping a material’s evolution over
time.”’

3.3 UV-vis spectra of anorthosite and ZSM-5 zeolite

The UV-vis spectra of anorthosite and synthetic
ZSM-5 obtained over reaction times of (24, 48, and
96) h, and at a reaction temperature of 100 °C, are pre-
sented in Figure 5. The shape and intensity of the spec-
tra during gel formation are observed to be notably de-
pendent on the reaction time. Unlike anorthosite and
ZSM-5 zeolite synthesized over 24 h, the spectra of
ZSM-5 zeolites synthesized over 48 and 96 h exhibit a
prominent absorption band in a range of 190-390 nm.
Additionally, a significant UV-vis absorption band
emerges between 190 nm and 290 nm for anorthosite and
ZSM-5 zeolite obtained over 24 h. This implies that as
the reaction time increases during the gel formation, both
the intensity and the bandwidth of the absorption bands
extend towards longer wavelengths.

Interestingly, anorthosite and ZSM-5 zeolite synthe-
sized over the 24-h reaction period exhibit a broadened
shape of the spectra, accompanied by an increased
absorbance tail at longer wavelengths, as seen in the Fig-
ure 5. This broadening can be attributed to the presence
of amorphous and impure constituents within anortho-
site. It is noteworthy that during the hydrothermal syn-
thesis of ZSM-5 zeolites, those formed over longer reac-
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tion times tend to exhibit higher intensity compared to
those formed over shorter reaction times. Further in-
sights into the sub-bands and nuances of UV-vis spectra
analysis for various forms of ZSM-5 can be found in re-
cent research papers.*®# These studies delve deeper into
the spectral characteristics and provide a more compre-
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Figure 5: UV-Vis spectra of anorthosite and ZSM-5 zeolite obtained
over reaction times of 24, 48 h and 96 h and at a reaction temperature
of 100 °C
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hensive understanding of the structural and compo-
sitional variations observed in ZSM-5 zeolite.

The presence of low-intensity bands in the UV-vis
spectra suggests the existence of impurity phases, such
as amorphous silica, in the synthesized ZSM-5 zeolite,
underscoring the importance of a thorough spectral anal-
ysis in material characterization. Overall, the UV-vis
spectra analysis of anorthosite and ZSM-5 zeolite pro-
vided valuable information about their structural integ-
rity, purity, and potential applications in various fields
such as catalysis, adsorption, and environmental
remediation. Further studies combining UV-vis spectros-
copy with other analytical techniques could provide
deeper insights into the molecular-level properties and
behavior of these materials, facilitating their optimiza-
tion for specific technological applications.

4 CONCLUSION

In conclusion, the hydrothermal activation of anor-
thosite using NaOH has demonstrated its viability as an
effective precursor for synthesizing high-purity ZSM-5
zeolite. The results highlight the significant role of anor-
thosite and its chemical composition in the transforma-
tion process. Notably, ZSM-5 synthesized over different
reaction times (24, 48, and 96) h and at a constant tem-
perature of 100 °C exhibited distinct improvements in
crystallinity and purity, evidenced by sharper diffraction
peaks compared to the raw anorthosite. The optimal syn-
thesis conditions, specifically the period of 96 h, yielded
a ZSM-5 zeolite with a surface area of 150.4 m?/g, indi-
cating enhanced material properties suitable for various
applications. X-ray diffraction (XRD) revealed the evo-
lution of the crystalline structure, transitioning from an
amorphous composition to well-defined zeolite peaks,
while UV-vis spectroscopy identified the presence of im-
purities such as amorphous silica. Furthermore, scanning
electron microscopy (SEM) confirmed the formation of
well-defined ZSM-5 crystals, contrasting the amorphous
nature of anorthosite. These findings underscore the po-
tential of utilizing anorthosite as a sustainable and effec-
tive source for zeolite synthesis, opening avenues for fur-
ther research into optimizing conditions for enhanced
material properties and exploring its applications in ca-
talysis and environmental remediation.
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