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1. Introduction  

Zeolite is an abundant agricultural product in Indonesia, but its use is still less optimal. This is a 
great opportunity for Indonesia to maximize natural products. Currently, many natural zeolites have 
been discovered and grouped based on their structural similarities [1]. Until now, 40 types of natural 
zeolites and more than 140 synthetic zeolites have been found. The usage of natural zeolites in 
Indonesia has great potential because most of Indonesia's territory consists of volcanoes, which are a 
source of zeolite minerals [2].  

In basalt soils, zeolite often serves as a sediment aid. The chemical composition of zeolite is 
influenced by local hydrothermal conditions, including temperature, local water vapor pressure, and 
groundwater composition [26]. Consequently, zeolites with similar color and texture can exhibit 

A R T I C L E  I N F O 

 

ABST RACT   

 

 

Article history 

Received July 31, 2024 

Revised August 21, 2024 

Accepted August 22, 2024 

 Zeolite is a hydrated aluminosilicate containing alkali and alkaline 
earth metal cations such as potassium, sodium, and calcium, with a 
general formula (Lm.Alx.Sig.O2nH2O), where L represents a metal. 
Zeolites typically form as homogenously distributed, fine-grained 
crystals within volcaniclastic and sedimentary rocks and can appear in 
shades of blue, brown, or white, with a specific gravity of 2-2.4. Zeolite 
modification aims to adjust the pore size and structure to improve the 
performance of zeolites. The modification involved heating the 
clinoptilolite-type natural zeolite to 500°C and adding KNO3. The study 
has tested XRD, FT-IR, and XRD analysis to gain a thorough 
understanding of the structure, chemical composition, and functional 
characteristics of zeolites and a comprehensive review of the properties 
of zeolites, including their capabilities in industrial applications such as 
a potential molecular filter and selective absorbent. In addition, XRD 
analysis showed a decrease in crystal size unexpectedly, attributed to 
the narrowing of pores due to potassium absorption in the modified 
zeolite, with a measurement of 5.91931 Å. Atomic Absorption 
Spectroscopy (AAS) analysis revealed the presence of potassium in the 
KNO3-modified zeolite, with a concentration of 102.713 mcg/g, 
indicating effective potassium absorption. This study utilized Fourier 
Transform Infrared (FT-IR) spectroscopy that indicated an -OH 
bending frequency at 1639.4 cm⁻¹, suggesting the presence of potassium 
in the modified zeolite. Observing the XRD performance test, the 
modified zeolite demonstrates that using KNO3 combined with high-
temperature combustion enhances the adsorptive capacity by reducing 
the zeolite crystal size and increasing the pore volume.  
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varying chemical compositions depending on regional factors due to additional contaminants and 
finely ground minerals [27]. 

Zeolite is fundamentally a mineral comprised of hydrated aluminosilicate crystals, with alkali or 
alkaline earth cations arranged in a three-dimensional framework. The general formula for zeolite 
can be expressed as Mc/n{(AlO2)c(SiO2)d}bH2O, or alternatively, as its chemical oxide formula 
[28].  

Natural zeolite has a large surface area that can be used as a microporous adsorbent in the oil, 
agricultural, and catalyst industries [3]. Zeolite can also be a catalyst for the development of metals, 
which distributes them evenly on their surface so that the overall surface area of the zeolite can 
increase [4]. One of the advantages of zeolite is metal absorption. Zeolites are used as adsorbents in 
purification and separation processes [5]. Besides its natural shape, the modified zeolite surface can 
also be used to recover valuable metals from various types of waste. 

Zeolite is divided into two types: synthetic and natural zeolite, which come from nature. Natural 
zeolites usually contain cations such as Manganese, Calcium, Sodium, and Potassium, whereas 
synthetic zeolites usually only contain Potassium or Sodium cations [6]. Water molecules in the 
pores and free oxides found in natural zeolites can reduce the catalysis properties and adsorption 
capacity [29].  

Based on its composition, the structure of synthetic zeolite can be predicted depending on the 
conditions of its formation in nature, so an activation process is needed when using natural zeolite as 
an adsorbent [7]. Increasing the specific properties of zeolites and removing impurities is the goal of 
the natural zeolite activation process [8]. Forms of the activation process in zeolites include 
changing the Silica/Aluminum ratio, the ions, and the material absorbed [1]. 

Natural zeolites can undergo three activation processes: physical activation by heating, chemical 
activation by mixing acids, and physicochemical activation by heating and mixing acid or base 
solutions [9]. The activation process by heating the zeolite has an operating temperature range of 
200-4000oC for several hours. Meanwhile, base activation can be executed with a NaOH solution, 
where the Silica/Alumina ratio decreases when activated at a high pH [10]. The deluminesence 
process in zeolites is caused by the activation process of natural zeolites using HCl solutions at 
different concentrations and temperatures [11]. Chemical activation of natural zeolite using acid has 
been proven to make it more hydrophobic, reducing its adsorption capacity for water [12]. The 
higher acid concentration results in the zeolite adsorption capacity for water vapor reduction [11]; 
physical or chemical activation of the zeolite is required. Physical activation is done by heating 
treatment or hot air with a temperature range of 300oC to 400oC to release water molecules [10]. 

Characterization of zeolites aims to produce changes in the surface properties of natural zeolites. 
Zeolite characterization is generally carried out by coating organic polymers in the form of synthetic 
polymers or natural polymers [13]. The structure of zeolites can be modified using various methods, 
such as characterization via positive ion exchange (cation exchange), adsorption of polar molecules, 
and characterization of the framework in zeolites [14]. 

Zeolite activation is carried out to characterize the framework or non-skeleton structure in the 
zeolite so that the physicochemical properties of the zeolite are formed. In natural zeolite, activation 
occurs in the washing process to remove impurities in the natural zeolite framework structure [15]. 
Activation of zeolites affects certain types of metal cations and water molecules in the cavity and 
can expand the pore volume to increase the adsorption capacity [16]. Therefore, natural zeolite must 
be activated before use to increase its working capacity [17]. Activation of zeolite can generally be 
done in several ways, including [14]: 

1. Calcination at a certain temperature and a certain time.  

2. Exchange the positive ions contained.  

3. Dealumination to change the Silica/Alumina ratio.  

Reference [18] explained that modifying the natural zeolite by cleaning it using distilled water, 
decanting, and filtering, and then drying it at 120°C using an oven for 6 hours produced less 
significant changes in the zeolite structure. 
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In this research, physicochemical activation of zeolite was carried out by calcination treatment at 
a temperature of 500oC and mixing H2SO4 and characterization of the zeolite with KNO3 to optimize 
the metal absorption capacity in terms of the size of the zeolite. 

2. Research Methodology 

2.1. Materials 

Natural zeolite was obtained from Klaten, West Java Province, Indonesia. The solvents used 
included distilled water from CV. General Labora in Yogyakarta and sulfuric acid (H₂SO₄, 98% 
purity, Merck, Germany). Other reagents included barium hydroxide (Ba(OH)₂, 98% purity, Merck, 
Germany) and potassium nitrate (KNO₃, 99% purity, Merck, Germany). 

2.2. Procedures 

1) Preparation 

This research used the main natural material, Klaten natural zeolite, obtained from the supplier 
Gangsar Jaya, Klaten. The natural zeolite was ground using a mortar and pestle and then sieved to 
obtain a fine powder with a particle size of 200 mesh. An 18 N H₂SO₄ solution was prepared by 
mixing 500 mL of H₂SO₄ with 1000 mL of distilled water. 

2) Activation of natural zeolite 

Dissolve 100 grams of 200 mesh natural zeolite in 100 mL of 0.5 M H₂SO₄ solution, then stir for 
4 hours at room temperature with a ratio of 1:10. Allow the solution to cool for approximately 4 
hours before filtering to separate the solid from the filtrate. Discard the filtrate and wash the solid 
with distilled water to neutralize its pH. 

3) Neutralization of zeolite  

The neutralization was monitored using Ba(OH)₂ solution, and the process was continued until 
the filtrate became clear, indicating neutral pH. The solid was then dried at 110°C for 720 minutes. 

4) Modification of activated zeolite 

Five grams of activated zeolite were modified by mixing 26.5 grams of solid KNO₃ with 100 mL 
of distilled water. The mixture was stirred at approximately 100°C until a paste formed. The paste 
was then dried in an oven at 130°C for 8 hours, followed by calcination at 500°C in a furnace for 4 
hours. The calcined product was cooled to room temperature for 24 hours before being ground into a 
fine powder. 

5) Characterization of zeolite 

The activated and modified zeolite were analyzed using FT-IR, XRD, and AAS instruments. FT-
IR analysis was used to determine changes in functional groups and the characteristics of the 
resulting solids, such as bond structure and functional groups. The results of FT-IR analysis helped 
identify chemical functional groups in the molecules. X-ray diffraction (XRD) analysis was used to 
determine the structural form (crystalline or amorphous) by interpreting the X-ray scattering 
diffraction pattern, which provides information on the symmetry and size of molecular units. 
Additionally, zeolite characterization was carried out using Atomic Absorption Spectroscopy (AAS) 
to determine the characteristics of the catalyst, including the Si/Al ratio and acidity level, using free 
atomic absorption in the form of gas and optical light radiation for measurement. 

3. Results and Discussion 

3.1. FT-IR Analysis 

An important method for characterizing the zeolite framework structure and identifying the effect 
of KNO₃ is infrared spectroscopy, particularly Fourier Transform Infrared (FTIR) analysis. 
Generally, the 300-1300 cm⁻¹ range corresponds to tetrahedral bonds, specifically Si-O-Si [19]. The 
band between 900-1250 cm⁻¹ represents asymmetric stretching, while symmetric stretching is 
observed in the band between 650-850 cm⁻¹. Internal Si-O and Al-O bending appears in the 410-500 
cm⁻¹ region, whereas external bending is seen in the 700-780 cm⁻¹ range [28]. 
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The effect of activated treatment on the zeolite framework was characterized by FTIR based on 
the wave number of the Si-O site in the range of 1250 to 950 cm⁻¹ [32]. Figure 1 shows that both the 
FT-IR spectra of activated and modified zeolites exhibit activation treatment, with vibration bands at 
1051.75 cm⁻¹ and 1057.80 cm⁻¹, respectively. These results are consistent with findings in the 
literature [20], where most absorption peaks in zeolites with a salt range between 1050 cm⁻¹ 
correspond to the Si-O-Al and Al-O groups. This indicates that the Si-O-Al bond changes due to the 
decomposition of the zeolite framework into Si-O-Si. 

Figure 1(a) displays the FTIR results of activated zeolite, which shows a peak at 591.40 cm⁻¹ 
corresponding to C-S stretching. This result differs from that reported in Reference [33], which 
identified a band at 324.04 cm⁻¹ as Si-O-Si. This discrepancy may be due to sulfuric acid being a 
strong oxidizer that interacts with organic compounds or sulfur-containing components in the 
zeolite, leading to chemical changes and the formation of organosulfur compounds with C-S bonds. 

In the activated zeolite spectra, a Si-C vibration is observed at 723.33 cm⁻¹, while the modified 
zeolite spectra show a band at 794.89 cm⁻¹ for the asymmetric stretching of Si-O. A Si-C vibration 
band around 723.33 cm⁻¹ suggests carbon has been incorporated into the zeolite framework or 
surface. This is unusual for typical zeolite structures primarily composed of Si-O and Al-O bonds. 
The presence of Si-C bonds could indicate the incorporation of carbon-containing species during the 
activation process with H₂SO₄. The shift to a band at 794.89 cm⁻¹ for the asymmetric stretching of 
Si-O suggests changes in the zeolite’s framework due to treatment with KNO₃ and high-temperature 
combustion. This shift may indicate alterations in the bond angles or local environment of the Si-O 
bonds, as high-temperature treatment can lead to structural rearrangements or changes in bond 
properties [34]. 

The presence of H+ ions in the zeolite framework can form hydroxyl groups [37]. The O-H 
stretch can observe changes in the Brønsted acidity level at 3465.48 cm-1 and the O-H bend at 
1642.16 cm-1, as shown in Fig. 1.(a). The peak width of around 3500 cm-1 is attributed to the 
Hydroxyl group's Si-OH group, which originates from delocalized hydrogen bonding [31]. 

 Modified zeolite with adding KNO₃ treatment made potassium ions replace some of the cations 
in the zeolite framework, and nitrate ions may be incorporated into the structure. However, 
potassium nitrate does not contain phosphorus, so the appearance of a P-H stretch might suggest the 
presence of an additional phosphorus-containing reagent or impurity that showed by the FT-IR 
result of modified zeolite wave peaks of 2362.18 cm-1. 

Figure 1(b) shows O-H groups at wavenumbers 3459.12 cm-1 and 1639.40 cm-1, respectively. 
Increasing O-H groups also show that modified zeolites have more H+ ions. The detected O-H group 
is predicted to be located around non-aluminum species. This shows the formation of the Brønsted 
acid site. The O-H bend shows the formation of the Lewis acid site [35]. 

According to FT-IR theory from Reference [32], resilient vibrations indicate the bonding 
composition of the Si-Al zeolite framework, with a wavenumber range of 780-800 cm-1. This study 
found vibrations in this range at 793.34 cm-1 and 794.89 cm-1 for both samples. Additionally, there is 
a similarity in the decrease of vibration ranges from 468.70 cm-1 to 461.72 cm-1 in activated and 
modified zeolites. Reference [36]  shows that the area corresponding to Fe-O in modified zeolite is 
smaller than in natural zeolite. This reduction is attributed to decreased bending between Si-O and 
Al-O. The amount of bending energy for Si-O and Al-O is reduced, possibly due to Fe binding with 
-O of Si-O and Al-O. Further research is needed to explore the changes in bonding sites resulting 
from acid activation. 
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Fig. 1. The result of FT-IR spectra (a) activated; (b) modified zeolite. 

3.2. XRD Analysis 

The X-ray diffraction analysis provides information on the existence of compounds in the sample 
and the crystal characterization of the sample. The XRD pattern is depicted as a curve profile with 
various peaks; the 2-theta diffraction angle is the abscissa, while the calculated diffraction intensity 
completed is the ordinate [22]. Crystal lattice parameters, zeolite crystal size, and degree of 
crystallinity were obtained from the results of XRD analysis. 

 

 

(a) 

 

(b) 
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Fig. 2. The result of XRD analysis of (a) activated and (b) modified zeolite.  

The acid treatment that transformed natural zeolite into activated zeolite appears to have caused a 
slight degradation of the crystal framework. When the concentration of Al³⁺ atoms in the original 
lattice is high, dealumination can lead to a loss of crystallinity, although the remaining framework 
may be strengthened [38]. 

 

 

(a) 

 

(b) 
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Fig. 2. presents the X-ray diffractograms of activated and modified zeolites exhibiting crystalline 
structures. Acid pretreatment with H₂SO₄ sharpened the structure of each mineral type, as shown in 
Fig. 2.(a). Higher acid concentrations for zeolite activation resulted in sharper and smaller peak 
angles. Acid activation increased the peak height of the activated zeolite compared to the modified 
zeolite. This indicates that the concentration of activated zeolite increased after pretreatment, 
reflecting a higher Si/Al ratio. However, acid activation did not alter the fundamental structure of the 
zeolite itself [36]. 

Fig. 2.(b) shows a shift of peaks to higher angles (2θ) in the XRD pattern of the modified zeolite. 
This shift to larger angles typically indicates a decrease in d-spacing (the distance between crystal 
planes) or an increase in lattice density. Specifically, the pattern peaks at 25.505° 2θ for the 
modified zeolite (as listed in Table 2.). Overall, changes in peak intensities are attributed to 
alterations in atomic positions within the unit cell or changes in atomic density [4]. 

The XRD results reveal the diversity of crystals formed in natural zeolite at a temperature of 
500°C, including Si32O72, K4O46.8SiW12, C64Si32, and SiO2. The analyzed samples show the 
formation of SiO2 crystals. The XRD patterns, the x-axis represent 2θ, and the y-axis represents 
intensity. The three highest peaks indicating SiO2 crystals are as follows: 

Table 1.  Interpretation of activated zeolite (XRD) 

2θ (˚) FWHM (˚) 
Intensity 

(Counts) 

25.425 0.187 275 

22.100 0.480 180 

21.700 0.000 178 

 

The crystal size is determined from the highest peak in the XRD data. Scherrer's formula can be 
used to determine crystal size [23].  

 
(1) 

Where: 

t = crystal size, Ȧ 

λ = the X-Ray wavelength, Ȧ (commonly 1.54 Ȧ) 

K  = Scherrer factor (range 0.9 to 1.0) 

β = FWHM (Full Width at Half Maximum), ° 

θ   = the diffraction angle, ° 

The FWHM and the diffraction angle should be converted to Radians if those are measured in 
degrees using the conversion factor [37]: 

 
(2) 

Table 1 shows that the XRD analysis interpreted the FWHM (β) as 0.187°; 2θ as 25.425°; λ as 
1.54°; K as 0.9 which should be converted to: 

 
° 

 
radian 

 
radian 
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From Scherrer’s Formula 

 

The crystal size of activated zeolite measured 603.133 Ȧ. 

Crystal size affects the width of the diffraction peaks (full width at half maximum, FWHM). 
Larger crystals tend to have narrower and sharper peaks, while smaller crystals usually exhibit 
broader peaks. Crystal size can affect the intensity of peaks in XRD patterns. Larger crystals 
generally produce sharper and more intense diffraction peaks because more crystal planes contribute 
to forming these peaks. FWHM can determine crystal size using the Scherrer equation, which relates 
peak width to crystal size in a specific direction [31]. 

The three highest peaks indicating SiO2 crystals, as observed in the XRD test of the modified 
zeolite, are associated with the following 2θ values: 

Table 2.  Interpretation of modified zeolite (XRD) 

2θ (°) FWHM (°) 
Intensity 

(Counts) 

25.505 0.504 157 

22.160 0.625 155 

9.523 0.713 138 

 

Table 2 shows that the XRD analysis interpretated the FWHM ( ) as 0.504°; 2θ as 25.505°; λ as 
3.489°; K as 0.9 which should be converted to: 

 
° 

 
radian 

 
radian 

From Scherrer’s Formula 

 

The crystal size of modified zeolite measured 514.285 Ȧ, indicating a difference between both 
zeolite treatments. It showed that modified zeolite’s crystal size is smaller than activated zeolite. 
Zeolites with smaller crystal sizes can have a larger specific surface area and more active sites, 
which is beneficial for catalytic applications. Smaller crystal sizes can enhance the catalyst's 
efficiency by improving the accessibility of active sites for chemical reactions. However, reducing 
crystal size may also affect the pore structure of the zeolite. If smaller crystal sizes change the pore 
structure, this can impact the zeolite's adsorption capacity and selectivity. 

 This study is similar to Reference [30] in that it correlates the number of nucleation sites for 
zeolite deposition and the amount of PDDA (poly(diallyldimethylammonium chloride)) used. The 
larger the number of nucleation sites, the crystal size decreases with increasing the amount of 
polymer used. This effect is in good agreement with previous observations by [40] in the formation 
of ZSM-5 films by adsorption of organic surfactants. Also, Reference [3] stated that the cations 
occupy positions that tend to block part of the pores. Monovalent cations occupy every cationic site 
and lead to lesser pore sizes than in those zeolites with divalent cations, which occupy only every 
other cationic position, thus leaving bigger spaces on the zeolite pores. 

The results of the interpretation of this data are from the journal [20], which shows that the 
results of the XRD test on zeolite with KNO3 characterization show that skeletal decomposition 
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occurs partly due to the influence of high-temperature activation. On the other hand, the KNO3 
addition treatment also improved the total intensity of all peaks and stabilized the zeolite baseline. 

3.3. AAS Analysis 

Atomic Absorption Spectrophotometry is a chemical instrument used to determine the 
concentration of metals and metalloids based on the absorption of radiation by free atoms [25]. 
Measurements with the K parameter on natural zeolite samples, natural zeolite, modified zeolite, and 
activated zeolite are shown in Table 3. 

Table 3. shows a significant increase in potassium levels in zeolite, rising from 3,062 µg/g in 
natural zeolite to 102,713 µg/g in modified zeolite, an increase of 99.6%. This indicates that 
potassium has been effectively absorbed in the modified zeolite due to the addition of KNO₃ and 
high-temperature heating. The calcination process enlarges the zeolite's pores, facilitating potassium 
absorption, and the addition of KNO₃ further enhances the potassium content. Reference [39] stated 
that the characterization of zeolites causes dealumination and deionization, resulting in reduced 
levels of the element Alumina and several cations such as Calcium, Manganese, and Barium, 
resulting in increased potassium levels after characterization to reach 61.5%. 

Table 3.  Interpretation of various zeolite variables (AAS) 

Sample 

Measurement (mcg/g) Average of 

measurement 

(mcg/g) 
I II III 

A 
3.062 3.062 3.062 3.062 

B 102.713 102.713 102.713 102.713 

C 1.124 1.124 1.124 1.124 

a. Natural zeolite. 

b. Modified zeolite 
c. Activated zeolite 

4. Conclusion 

The characterization of zeolite as a metal absorbent can be achieved through physicochemical 
activation, such as the treatment described in this research, which involves calcination at a 
temperature of 500°C and adding KNO3. Using KNO3, combined with high-temperature 
combustion, increases the adsorptive capacity by reducing the zeolite crystal size and increasing the 
pore volume. These changes contribute to an enhanced adsorption capacity in the modified zeolites. 
However, chemical analysis using FT-IR shows the appearance of a P-H stretch in the modified 
zeolite, which likely indicates the introduction of a phosphorus-containing species, either from the 
modification process or as an impurity. XRD analysis in this work has demonstrated that potassium 
can affect the adsorption capacity of zeolites. An increase in potassium may enhance the zeolite's 
ability to interact with target molecules during adsorption. However, pore structure or ion 
distribution changes may impact the selectivity and overall adsorption capacity. 

Acknowledgment 

This research received no specific grants from public, commercial, or not-for-profit sectors or 
agencies. The authors would like to acknowledge Dr. Arif Hidayat of Islam Indonesia University, 
Yogyakarta, for his zeolite input and technical assistance. Additionally, the authors thank all the 
colleagues who supported this study at the Department of Chemical Engineering, Insan Cendekia 
Mandiri University, Bandung, and Islam Indonesia University, Yogyakarta. 

References 

[1] L. Kurniasari, M. Djaeni, and A. Purbasari, “Prospek Aplikasi Produk Berbasis Zeolit untuk Slow-

Release Substances (SRS) dan Membran,” Artik. Badan Pengkaj. dan Penerapan Teknol. Indones. ISSN, 

vol. 13, no. 3, pp. 178–184, 2011. 



ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 71 
 Vol. 11, No. 2, August 2024, pp. 62-73 

 

 Rani Pramudyo Ningtyas et.al (Characterization of Natural Zeolite Modified through High-Temperature Heating and …) 

[2] M. Faisal, S. Suhartana, and P. Pardoyo, “Zeolit Alam Termodifikasi Logam Fe sebagai Adsorben Fosfat 

(PO43-) pada Air Limbah,” J. Kim. Sains dan Apl., vol. 18, no. 3, pp. 91–95, 2015, doi: 

10.14710/jksa.18.3.91-95. 

[3] H. Synthesis, “Hydrothermal Synthesis and Growth of Zeolites,” Handb. Hydrothermal Technol., 

2000.E. Kartika, L. Suyati, and R. Nuryanto, “Jurnal Kimia Sains dan Aplikasi Pirolisis Kulit Biji Jambu 

Mete (Cashew Nut Shell) dengan Katalis,” J. Kim. Sains dan Apl., vol. 15, no. 3, pp. 100–104, 2012. 

[4] T. R. Lomer, “An introduction to X-ray crystallography by M. M. Woolfson” Acta Crystallogr. Sect. A, 

vol. 26, no. 4, pp. 461–462, 1970, doi: 10.1107/s0567739470001225.L.I. Darojah and E. Kusumastuti, 

“Modifikasi Zeolit A dengan Surfaktan HDTMA dan Aplikasinya sebagai Adsorben Ion Nitrat,” 

Indones. J. Chem. Sci., vol. 7, no. 1, pp. 94–101, 2018. 

[5] K. Lailiy Tazkiyatul Afidah, “Pengaruh variasi temperatur kalsinasi zeolit alam terhadap kemampuan 

adsorpsi limbah fenol,” Indones. J. Mater. Chem., vol. 2, no. 2, pp. 35–42, 2019. 

[6] S. dan S. Z. Amiruddin, “Pengaruh Jenis Aktivasi Terhadap Kapasitas Adsorpsi Zeolit pada Ion 

Kromium (VI) The Influence of Activation Type Toward The Adsorption Capacity of Zeolite In Chrom 

(VI) Ion,” no. Vi, pp. 20–25, 2008. 

[7] N. Rosita, “Pengaruh Perbedaan Metode Aktivasi Terhadap Efektivitas Zeolit Sebagai Adsorben,” Maj. 

Farm. Airlangga, vol. 4, no. 1, pp. 20–25, 2004. 

[8] G. Jozefaciuk and G. Bowanko, “Effect of acid and alkali treatments on surface areas and adsorption 

energies of selected minerals,” Clays Clay Miner., vol. 50, no. 6, pp. 771–783, 2002, doi: 

10.1346/000986002762090308. 

[9] F. Cakicioglu-Ozkan and S. Ulku, “The effect of HCl treatment on water vapor adsorption characteristics 

of clinoptilolite rich natural zeolite,” Microporous Mesoporous Mater., vol. 77, no. 1, pp. 47– 53, 2005, 

doi: 10.1016/j.micromeso.2004.08.013. 

[10] S. LU, Y. MA, C. ZHU, S. SHEN, and Q. HE, “The Effect of Hydrophobic Modification of Zeolites on 

CO2 Absorption Enhancement,” Chinese J. Chem. Eng., vol. 17, no. 1, pp. 36–41, 2009, doi: 

10.1016/S1004-9541(09)60029-X. 

[11] A. F. Permana, “Analisis Pengaruh Ukuran Diameter Zeolit Terhadap Penurunan Warna Dan Krom (Cr) 

pada Air Buangan Industri Tekstil,” 2014, [Online]. Available: 

http://repository.unhas.ac.id/id/eprint/15815/1/--andifarizp-4965-1-13-andi-4.pdf 

[12] E. Erdem and R. Donat, “The Removal of Heavy Metal Cations by Natural Zeolites The removal of 

heavy metal cations by natural zeolites,” no. December 2004, 2018, doi: 10.1016/j.jcis.2004.08.028. 

[13] D. Y. Lestari, “Kajian Modifikasi dan Karakterisasi Zeolit Alam dari Berbagai Negara,” Pros. Semin. 

Nas. Kim. dan Pendidik. Kim. 2010, p. 6, 2010. 

[14] T. Elysabeth, Jufrodi, and Hudaeni, “Adsorbsi Logam Berat Besi dan Timbal Menggunakan Zeolit Alam 

Bayah Teraktivasi,” J. Chemtech, vol. 1, no. 1, pp. 1–4, 2015. 

[15] Hernawan, S. K. Wahono, R. Maryana, and D. Pratiwi, “Modification of Gunungkidul Natural Zeolite as 

Bioethanol Dehydrating Agents,” Energy Procedia, vol. 65, pp. 116–120, 2015, doi: 

10.1016/j.egypro.2015.01.042. 

[16] R. K. I. Aslina Br. Ginting, Dian Anggraini, Sutri Indaryati, “Karakterisasi Komposisi Kimia, Luas 

Permukaan Pori Dan Sifat Termal Dari Zeolit Bayah, Tasikmalaya, Dan Lampung,” vol. 3, no. 1, pp. 

38–48, 2007. 

[17] S. Ansori, S. Sriatun, and P. Pardoyo, “Modifikasi Zeolit Alam Menggunakan TiO2 sebagai Fotokatalis 

Zat Pewarna Indigo Carmine,” J. Kim. Sains dan Apl., vol. 19, no. 2, pp. 68–71, 2016, doi: 

10.14710/jksa.19.2.68-71. 

[18] Faizal Rachman, “Modifikasi Permukaan Zeolit Terfungsionalisasi Tiol ( Zft ) Sebagai Adsorben Ion 

Kadmium Program Studi Kimia 2023 M / 1445 H,” 2023. 

[19] M. Park and S. Komarneni, “Occlusion of KNO, NH, and NO in natural zeolites.” 

http://repository.unhas.ac.id/id/eprint/15815/1/--andifarizp-4965-1-13-andi-4.pdf


72 Chemica: Jurnal Teknik Kimia   ISSN 2355-8776 

 Vol. 11, No. 2, August 2024, pp. 62-73 

 

 Rani Pramudyo Ningtyas et.al (Characterization of Natural Zeolite Modified through High-Temperature Heating and …) 

[20] R. M. Silverstein and F. X. Webster, “Spectrometric Identification Of Organic Compounds 6th Edition,” 

John Wiley & Sons Ltd, vol. 6. pp. 1–482, 1996. 

[21] J. Setiaka and N. Widiastuti, “Adsorpsi Ion Logam Cu (II) dalam Larutan pada Abu Dasar Batubara 

menggunakan Metode Kolom,” Pros. Kim. FMIPA ITS, no. Prosiding Skripsi Semester Genap 

2010/2011, 2011, [Online]. Available: http://digilib.its.ac.id/ITS-Undergraduate-3100010040283/12370 

[22] M. Sumardiyasa and I. B. S. Manuaba, “Penentuan Ukuran Kristal Menggunakan Formula Scherer, 

Williamson-Hull Plot, dan Ukuran Partikel dengan SEM,” Bul. Fis., vol. 19, p. 10, 2018. 

[23] M. N. Umam, “Variasi Waktu Reaksi Transesterifikasi Minyak Jarak dengan Menggunakan Katalis 

KOH/Zeolit dalam Pembuatan Biodiesel,” pp. 1–26, 2018. 

[24] H. D. A. Sugito, Soerya Dewi Marliyan, “Uji Kinerja Instrumen Spektrofotometer Serapan Atom (AAS) 

Shimadzu 6650 F Terhadap,” J. Lab. Issn, vol. 5, no. 2, p. 1, 2022. 

[25] S. B. Alieva, G. M. Alieva, K. R. Samedov, and D. M. Ganbarov, “Synthesis and structural chemical 

examination of faujasite type zeolite and its new structural modification,” Russ. J. Appl. Chem., vol. 86, 

no. 5, pp. 640–643, 2013, doi: 10.1134/S1070427213050042. 

[26] R. Baran, F. Averseng, Y. Millot, T. Onfroy, S. Casale, and S. Dzwigaj, “Incorporation of Mo into the 

vacant T-atom sites of the framework of BEA zeolite as mononuclear Mo evidenced by XRD and FTIR, 

NMR, EPR, and DR UV-vis spectroscopies,” J. Phys. Chem. C, vol. 118, no. 8, pp. 4143–4150, 2014, 

doi: 10.1021/jp410016g. 

[27] S. Huang, P. Chen, B. Yan, S. Wang, Y. Shen, and X. Ma, “Modification of y zeolite with alkaline 

treatment: Textural properties and catalytic activity for diethyl carbonate synthesis,” Ind. Eng. Chem. 

Res., vol. 52, no. 19, pp. 6349–6356, 2013, doi: 10.1021/ie3032235. 

[28] L. R. G. de Araújo et al., “Synthesis of cubic Y zeolite using a pulsed microwave heating system,” 

Mater. Res., vol. 2, no. 2, pp. 105–109, 1999, doi: 10.1590/s1516-14391999000200011. 

[29] R. Baran, Y. Millot, T. Onfroy, J. M. Krafft, and S. Dzwigaj, “Influence of the nitric acid treatment on 

Al removal, framework composition and acidity of BEA zeolite investigated by XRD, FTIR and NMR,” 

Microporous Mesoporous Mater., vol. 163, pp. 122–130, 2012, doi: 10.1016/j.micromeso.2012.06.055. 

[30] T. Elysabeth, Zulnovri, G. Ramayanti, Setiadi, and Slamet, “Modification of Lampung and Bayah 

natural zeolite to enhance the efficiency of removal of ammonia from wastewater,” Asian J. Chem., vol. 

31, no. 4, pp. 873–878, 2019, doi: 10.14233/ajchem.2019.21810. 

[31] Suhartana, E. Sukmasari, and C. Azmiyawati, “Modification of Natural Zeolite with Fe(III) and Its 

Application as Adsorbent Chloride and Carbonate ions,” IOP Conf. Ser. Mater. Sci. Eng., vol. 349, no. 1, 

pp. 0–11, 2018, doi: 10.1088/1757-899X/349/1/012075. 

[32] J. Li, J. Qiu, Y. Sun, and Y. Long, “Studies on natural STI zeolite: Modification, structure, adsorption 

and catalysis,” Microporous Mesoporous Mater., vol. 37, no. 3, pp. 365–378, 2000, doi: 10.1016/S1387-

1811(99)00282-6. 

[33] N. Popovych, P. Kyriienko, S. Soloviev, R. Baran, Y. Millot, and S. Dzwigaj, “Identification of the 

silver state in the framework of Ag-containing zeolite by XRD, FTIR, photoluminescence, 109Ag NMR, 

EPR, DR UV-vis, TEM and XPS investigations,” Phys. Chem. Chem. Phys., vol. 18, no. 42, pp. 29458–

29465, 2016, doi: 10.1039/c6cp05263k. 

[34] J. P. Nogier, Y. Millot, P. P. Man, T. Shishido, M. Che, and S. Dzwigaj, “Probing the incorporation of 

Ti(IV) into the BEA zeolite framework by XRD, FTIR, NMR, and DR UV-jp810722bis,” J. Phys. 

Chem. C, vol. 113, no. 12, pp. 4885–4889, 2009, doi: 10.1021/jp8099829. 

[35] X. Niu et al., “Influence of preparation method on the performance of Zn-containing HZSM-5 catalysts 

in methanol-to-aromatics,” Microporous Mesoporous Mater., vol. 197, pp. 252–261, 2014, doi: 

10.1016/j.micromeso.2014.06.027. 

[36] A. Ates, A. Reitzmann, C. Hardacre, and H. Yalcin, “Abatement of nitrous oxide over natural and iron 

modified natural zeolites,” Appl. Catal. A Gen., vol. 407, no. 1–2, pp. 67–75, 2011, doi: 

10.1016/j.apcata.2011.08.026. 

http://digilib.its.ac.id/ITS-Undergraduate-3100010040283/12370


ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 73 
 Vol. 11, No. 2, August 2024, pp. 62-73 

 

 Rani Pramudyo Ningtyas et.al (Characterization of Natural Zeolite Modified through High-Temperature Heating and …) 

[37] A. Intang, P. Susmanto, M. D. Bustan, and S. Haryati, “Characterization of Natural Zeolite Synthesized 

by Dealumination and Desilication Method,” vol. 1, no. 1, 2024. 

[38] M. Pera Titus, “‘Preparation, characterization and modeling of zeolite NaA membranes for the 

pervaporation dehydration of alcohol mixtures’ per a l’obtenció del títol de Doctor/a en QUÍMICA,” 

2006. 

[39] S. Y. Choi, Y. J. Lee, Y. S. Park, K. Ha, and K. B. Yoon, “Monolayer assembly of zeolite crystals on 

glass with fullerene as the covalent linker,” J. Am. Chem. Soc., vol. 122, no. 21, pp. 5201–5209, 2000, 

doi: 10.1021/ja000113i. 

[40] H. Synthesis, “Hydrothermal Synthesis and Growth of Zeolites,” Handb. Hydrothermal Technol., 2000. 

  


