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Abstract 
 

This article aims to determine the most effective ZnO-zeolite synthesis method for use as an adsorbent. The 

effectiveness of the ZnO-zeolite synthesis method includes the methods of synthesis, characterization, and 

adsorption. This study is a literature search using Google Scholar and Science Direct with the keywords 

“ZnO”, “zeolite”, “synthesis”, and “adsorption” taken from the last 10 years (2013-2023). Twenty-six articles 

were obtained, and selection was carried out so that 12 articles were obtained. There were 4 methods for 

ZnO-zeolite synthesis: (1) sol-gel, (2) impregnation, (3) coprecipitation, and (4) hydrothermal methods. The 

synthesis of ZnO-zeolite products was characterized using X-ray diffraction (XRD), Fourier transform 

infrared (FTIR) spectroscopy, and scanning electron microscopy (SEM), and their adsorption capacity was 

tested via UV-Vis spectroscopy. The hydrothermal synthesis method is the most effective method for the 

synthesis of ZnO-zeolite because it does not consume a large amount of energy, is a simple synthesis 

procedure, and has a large adsorption power. The resulting ZnO-zeolite has a crystal size of 1.540 m and 

can adsorb up to 657.895 mg/g of the adsorbate). 
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1 Introduction 

Zeolites are a group of aluminosilicate 

microporous crystalline compounds with an open 

three-dimensional framework consisting of SiO4 

and AlO4 tetrahedrons connected to oxygen atoms 

to form intracrystal cavities and atomic-

dimensional channels [1]. Zeolites have the 

general formula Ma/b[(AlO2)a(SiO2)y].cH2O, 

where M represents the alkali metal or alkaline 

earth metal cations, b represents the valence of the 

alkaline earth metal cations, c is the amount of 

water of crystallization per unit cell, and a and y 

denote the total amount of [SiO4]
4−

 and [AlO4]
5- 

tetrahedra in the zeolite unit cell, respectively. The 

y/a ratio is in the range of 1.0 to 5.0. However, this 

value can change based on the structure. For 

example, silica-based zeolite has a value of 10.0 to 

100 [2]. Zeolite has several beneficial properties 

such as high surface area, high thermal stability, 

and environmental friendliness, can increase 

photocatalytic efficiency; and has a uniform pore 

structure with straight channels to provide good 

adsorption properties [3,4]. Because of these 

properties, zeolites, such as adsorbents [5], 

catalysts [6], molecular sieves [7], oil refinery 

catalysts [8], removal of radioactive contaminants 

[9], N2O emission control [10], removal of heavy 

metals [11], soil remediation [12], and removal of 

polluted water [13], have been widely used in 

various fields of the chemical industry. 

The small diameter of the zeolite formed 

causes the adsorption capacity to be small, so 

modifications are made to increase the diameter of 

the zeolite [14]. Currently, many researchers have 

begun to combine zeolite with metal oxide 

nanocomposites because they are considered to 

increase their adsorption capacity [15]. One of the 

metal oxide nanocomposites used for zeolite 

modification is zinc oxide (ZnO). ZnO is one of 

the hardest polar inorganic materials in 

semiconductor groups II-VI, with a high bond 

energy (60 meV) and a wide band gap (~3.2 eV) 

http://jkk.unjani.ac.id/index.php/jkk
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[16]. Some of the beneficial properties of ZnO 

include that it is non-toxic and thermally stable, 

can be used as a photocatalytic pollutant such as a 

dye and antibacterial agent, and is 

environmentally friendly [17,18]. Many 

researchers have synthesized ZnO-zeolite and 

succeeded in solving the problem of wastewater, 

so this material is considered a promising 

adsorbent due to its high adsorption capacity. Tuty 

Emilia et al. (2022) succeeded in synthesizing 

ZnO-zeolite and degrading up to 98.24%  of red 

dye pollutants [19]. Similarly, Georgiana Amariei 

et al. (2022) synthesized ZnO-zeolite and 

succeeded in degrading the antibiotic 

ciprofloxacin waste in less than 20 minutes at pH 

4. They also demonstrated the antibacterial 

properties of the ZnO-zeolite material against S. 
aureus and E. coli [20]. However, no researcher 

has performed a literature review to compare the 

use of ZnO-zeolite synthesis methods as 

adsorbents. 

The research literature used in this article has 

succeeded in producing ZnO-zeolite as an 

adsorbent via various methods. This scientific 

article aims to determine the most effective ZnO-

zeolite synthesis method for use as an adsorbent. 

Several methods that can be used in the synthesis 

of ZnO-zeolite include sol-gel [19,21,22], 

impregnation [23–25], coprecipitation [4,26,27], 

and hydrothermal methods [20,28,29]. Each 

method used to synthesize ZnO-zeolite has 

different advantages, disadvantages, and results, 

so a review is needed to determine the most 

effective method. The study referred to here is a 

review of the cost, safety, and impact of the 

method on the environment.    

2 Method 

Article writing was carried out using the 

Systematic Literature Review (SLR) method by 

identifying and critically assessing studies related 

to ZnO-zeolite for further analysis. The purpose of 

this study is to identify all appropriate empirical 
evidence to test certain hypotheses and to develop 

new theories. This is done to evaluate the validity 

and quality of findings related to ZnO-zeolite to 

determine its weaknesses, inconsistencies, and 

contradictions [30]. This journal article was 

analyzed by means of a literature review using 

Google Scholar and Science Direct searches with 

the keywords ZnO, zeolite, synthesis, and 

adsorption in the last 10 years (2013-2023). 

Relevant articles used as references were selected 
based on predetermined inclusion criteria, 

including the method of synthesis and application 

of adsorbents from ZnO-zeolite materials. 

Several methods of ZnO-zeolite synthesis are 

analyzed in this article, namely sol-gel, 

impregnation, coprecipitation, and hydrothermal 

methods. Table 1 shows several ZnO-zeolite 

synthesis methods and their precursors, results, 

advantages, and disadvantages. 

 
Table 1. Precursors, results, advantages, 

disadvantages, and references to the ZnO-zeolite 

synthesis method 

Method Overview Reference 

Sol-Gel 

Precursors 

Zinc acetate 

dihydrate, 

synthetic 

zeolite, 

isopropanol, 

monoethanola

mine, ethanol, 

NaOH, fly 

ash, HCl 

[19,21,22] 

Results 

Cuboidal in 

shape with a 

few granular 

spheres and 

agglomeration

s 

Advantages 

Does not 

require special 

and expensive 

equipment 

Disadvantages 

Precursor 

costs are quite 

high, require a 

long synthesis 

time, and 

energy 

consumption 

is quite high 

Impregn

ation 

Precursors 

Zinc nitrate, 

zinc acetate 

dihydrate, 

ZnO, 

synthetic 

zeolite, HCl, 

ethanol, 

NaOH 

[23–25] Results 

ZnO in the 

form of 

granules is 

homogeneousl

y dispersed on 

the surface of 

the zeolite 

Advantages 
Requires short 

synthesis time 

Disadvantages 

Requires high 

temperatures 

and a lot of 

tools to carry 

out the 

synthesis 
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Co-

precipita

tion 

Precursors 

Zinc acetate 

dihydrate, 

synthetic 

zeolite, NaOH 

[4,26,27] 

Results 

Formed a 

rough material 

surface 

Advantages 

The 

precursors 

used are few 

and relatively 

inexpensive 

Disadvantages 

Requires high 

temperature 

and long time 

for synthesis 

Hydroth

ermal 

Precursors 

Zinc acetate 

dihydrate, 

ZnCl2, fly ash, 

red mud, 

NaOH, SiO2, 

dialumunium 

trioxide, 

tetrapropylam

monium, 

cetyltrimethyl

ammonium 

dihydrate, 

ludox 

[20,28,29] Results 

Ferro-

spherical 

microporous 

shape with 

several small 

particles 

scattered over 

the surface 

Advantages 

Energy 

consumption, 

simple 

synthesis 

procedure, 

and high 

reactivity 

Disadvantages 

Requires high 

cost for 

autoclaving 

and a long 

time for 

synthesis 

 

2.1. Sol-gel method 

The sol-gel method is a physicochemical 

process that involves the formation of an inorganic 

colloidal suspension (sol) and the continuous 

gelation of the sol in the liquid phase (gel) to form 

a three-dimensional network structure. The sol-gel 

process involves the transition of a solution 

system from a liquid "sol" phase to a solid "gel" 

phase. This method provides good particle control 

by increasing the porosity and decreasing the 

particle size [31]. Several factors affect the 

performance of this method, namely the 

hydrolysis rate, temperature, heating rate, and pH 

[32].  

The sol-gel synthesis was started by filtering 

the synthetic zeolite using a 400-mesh strainer and 

drying it for two hours at 110oC. After that, 

washing was carried out using 0.4 M hydrochloric 

acid for one hour, followed by washing using 

distilled water until the pH was neutral. The 

activated synthetic zeolite was then filtered and 

dried again in an oven at 110oC for two hours. 

After that, the synthetic zeolite was mixed with 

zinc acetate at a ratio of 1:2 and dissolved in 80 

mL of 99% ethanol. The mixture was heated at 

76oC for 2 hours and stirred continuously in a 

reflux flask. Then, 225 mL of sodium hydroxide 

was added, and the mixture was stirred again for 1 

hour before it was left for 12 hours. The mixture 
that was allowed to stand was filtered through 

Whattman filter paper and the precipitate was 

heated in an oven at 60oC for 24 hours to produce 

ZnO-zeolite. [19,21,22].  

2.2. Impregnation Method 

The impregnation method physically mixes 

chemical species into pores to modify the surface 

of a material. The impregnation methods can be 

divided into two types, namely wet impregnation 

and dry impregnation. This will depend on how 

the solvent is added to the absorbent surface. If the 

impregnation method is dry, a fixed amount of 

solvent is added in such a way that only the 

adsorbent pores are filled, whereas if the 

impregnation is wet, the solvent is added more 

than the pore volume size so that there will be an 

excess of chemical being dried and the loading of 

chemical species can be controlled [33,34].  

The synthesis of ZnO-zeolite using the 

impregnation method begins with first filtering the 

synthetic zeolite using a 170-mesh filter and 

washing it with deionized water. After that, the 

zeolite was filtered and dried at 110oC for 2 hours, 

and 0.4 M HCl was added before stirring using a 

shaker or magnetic stirrer for one hour. The zeolite 

was then filtered and washed again using 

deionized water to remove Cl- ions. The zeolite 

residue on the filter paper was dried in an oven at 

110oC for two hours. The dried zeolite was 

activated with 2:1 zinc oxide solids and 100% 

ethanol was added. The solution was diluted with 

distilled water and stirred again for four hours. The 

homogeneous solution was exposed to ultrasonic 

waves for 30 minutes, dried for five hours at 

120oC, and calcined at 400oC for two hours to 

obtain ZnO-zeolite [23–25].  
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2.3. Coprecipitation Method 

The coprecipitation method is a method for 

obtaining a multicomponent material through the 

formation of intermediate precipitates so that a 

mixture of intimate components is formed during 

precipitation and chemical homogeneity can be 

maintained during the calcination process [35]. 

The synthesis of ZnO-zeolite using the 

coprecipitation method begins by dissolving the 

zeolite and zinc acetate in deionized water. The 

mixture was stirred and heated at 80oC in a reflux 

bottle for four hours. The homogeneous mixture 

was washed with deionized water and dried for 

five hours at 60oC. After that, 0.1 M NaOH was 

added until it reached a pH of 10, and the mixture 

was stirred for 2 hours with a magnetic stirrer, 

washed again with deionized water before being 

dried at 60oC for five hours and calcined at 450oC 

for two hours to obtain the ZnO-zeolite material 

[4,26,27]. 

2.4. Hydrothermal Method 

The hydrothermal method is an inorganic 

synthesis method that refers to the chemical 

reaction occurring in water above the boiling 

point at different temperatures and pressures. 

This method involves the addition of a base as a 

mineralizer; generally, sodium hydroxide 

(NaOH); or fluoride ions (F-) are added 

alternatively, or a structure-directing agent 

(SDA) is added to form the desired zeolite 

structure [36]. The hydrothermal method is 

carried out using a tool in the form of a closed 

vessel (autoclave) made of Teflon-coated 

polypropylene (PTFE) so that it requires low 

temperatures [37]. 

The synthesis of ZnO-zeolite using the 

hydrothermal method begins with the 

preparation of fly ash by washing it first with 

deionized water and 5 M acetic acid. After that, 

the washed fly ash was mixed with 1:1 zinc 

acetate dihydrate and dissolved in 60 mL of 

deionized water. The mixture was stirred 

continuously for 20 minutes at 500 rpm. Once 

homogeneous, 2 M sodium hydroxide was added 

until it reached pH 12, and the solution was 

transferred to a Teflon-lined autoclave. The 

solution was heated at 160oC for six hours, and 

the resulting product was washed five times with 

deionized water and dried at 80oC for 24 hours 

to obtain ZnO-zeolite [20,28,29]. 

 

3 Result and Discussion  

The synthesis of ZnO-zeolite has shown that 

it is a good and promising material because of its 

good adsorption ability [29]. The addition of ZnO 

to the zeolite significantly increased the surface 

area and negative charge thereby indirectly 

increasing the electrostatic interactions. 

Therefore, the adsorption capacity of ZnO-zeolite 

will also increase [22,29]. Several factors affect 

the adsorption capacity, morphology, size, and 

agglomeration of ZnO-zeolite, namely, the 

temperature used during synthesis, pH, synthesis 

time, and the selection of raw materials [38,39]. It 

is known that by increasing the temperature and 

synthesis time in various methods, ZnO-zeolite 

will be produced with a denser, more stable 

structure, and can provide different types of 

zeolite [40]. Likewise, the adsorption capacity will 

depend heavily on the structure and electrostatic 

interactions between the adsorbate used and the 
ZnO-zeolite material. If the adsorbate used tends 

to be positively charged, it is necessary to adjust 

the pH of the ZnO-zeolite to basic, and vice versa 

when the adsorbate tends to be negatively charged, 

ZnO-zeolite is used, which is acidic, so that 

electrostatic interactions will occur between the 

adsorbate and adsorbent. In this article, several 

instruments, such as XRD, FTIR, SEM, and UV-

Vis, were used to further review the structure, type 

of zeolite formed, and adsorption capacity of ZnO-

zeolite from various methods. 

3.1. Sol-gel method 

The XRD results in Figure 1 show that there 

are peaks for zeolite Na-A at 2 21.2o, 23.5o, 25.8o, 

26.9o, 29.8o, and 33.8o (JCPDS 30-0222). ZnO 

peaks of hexagonal wurtzite structures were also 

found at 2 31.7o, 34.2o, 36.2o, 47.5o, 56.6o, 62.9o, 

66.4o, 68.0o, and 69.0o which are associated with 

plane bounces (1 0 0), ( 0 0 2), (1 0 1), (1 0 2), (1 

1 0), (1 0 3), (2 0 0), (1 1 2), and (2 0 1) (JCPDS 

36-1451). In the XRD results, no impurity peaks 

were detected, so it can be said that the 

synthesized sample has high purity. The peak of 

the zeolite decreased with the addition of ZnO due 

to the interaction of ZnO with the surface of the 

zeolite. ZnO-zeolite with a particle size of 32.5 nm 

was obtained [22]. 

The FTIR results in Figure 2 show the 

presence of O-H strain vibrations due to zeolite 

water trapped in the pore microstructure of the 

zeolite framework at 3607-3200 cm-1 and 1657 

cm-1. There are also peaks at 1200 cm-1 and 400 

cm-1, which are attributed to Si-O-Al and Si-O 

bending vibrations associated with tetrahedral or 
alumina- and silica-oxygen bridges of the internal 

structure of the aluminosilicate zeolite. Weak O-H 
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peaks were also found in the region similar to that 

of Na-A zeolite (3426 cm-1) and at 1633 cm-1 due 

to the presence of water vapor absorbed from the 

atmosphere. The peak at 1379 cm-1 was attributed 

to the -CH3 group originating from the precursor, 

and the peak at 877 cm-1 was attributed to the 

stretching peak of Zn-O. A faint peak 

corresponding to Si-O-Zn or Zn-O-Al was also 

found at 668 cm-1 which illustrates the interaction 

of zeolite with ZnO on the zeolite surface. At 1032 

cm-1 there was a broadening of the peak for ZnO, 

which was caused by the stretching of Zn-O-ZnO. 

The SEM images in Figure 3 show that the 

morphology of the pure Na-A zeolite, which was 

initially cubic with a smooth surface, slowly 

became composed of small particles (granular 

spheres), which were referred to as ZnO. The level 
of agglomeration decreased until the addition of 

1.5% ZnO; moreover, the agglomeration 

increased again due to excess ZnO [22]. 

 

Figure 1. ZnO-zeolite XRD pattern 

 

Figure 2. FTIR spectra of ZnO-zeolite 

 

Figure 3. SEM image of the ZnO-zeolite surface morphology 
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The adsorption of ZnO-zeolite increased 

when ZnO was loaded onto the surface of the 

zeolite. This is due to an increase in porosity due 

to the presence of micropores and mesoporous 

zeolite formed due to the aggregation of ZnO 

nanocrystals on the surface of the zeolite. The 

surface area of zeolite that was not combined with 

ZnO increased with that of zeolite combined with 

ZnO, from 0.40 m2/g to 6.87 m2/g. One possibility 

for the increase in surface area is the formation of 

a porous layer from the zeolite structure due to the 

presence of ZnO. The surface area can also 

increase when a monovalent cation is replaced 

with a divalent cation, in this case, one Zn2+ cation 

replaces two Na+ cations [22]. 

3.2. Impregnation Method 

The XRD results are shown in Figure 4, 

which shows the peaks of zinc oxide crystals at 2 

31.84o, 33.82o, and 36.28o. Zinc oxide disperses 

spontaneously onto the surface of the zeolite with 

the formation of monolayers or submonolayers. 

There was a decrease in crystallinity between 

zeolite without added ZnO and that with added 

ZnO. This is due to the increased contact between 

the zeolite and ZnO in the zeolite pores. Therefore, 

the maximum addition of ZnO is observed at 20% 

mass as shown in Figure 4(c) so that the resulting 

relative intensity does not decrease. The type of 

zeolite identified was Na-A zeolite. A particle size 

of 30.47 nm was obtained [25]. 

 

Figure 4. XRD patterns of (a) Zeolite, (b) 10 wt% 

ZnO-zeolite, (c) 20 wt% ZnO-zeolite, and (d) 30 wt% 

ZnO-zeolite 

The FTIR results shown in Figure 5 show that 

there was an interaction between ZnO and the 

silica matrix in the 827 cm-1 band and an increase 

in the intensity of the band at 419 cm-1, which 

indicates the presence of a Zn-C bond. It was also 

found that there was an overlapping band between 

the ZnO band region at 600-500 cm-1 and the 

zeolite band area, which is 800-400 cm-1. There 

was an increase in the intensity of the 827 cm-1 and 

420 cm-1 bands because of the increased 

concentration of ZnO on the surface of the zeolite. 

The 827 cm-1 band, which is a Zn-Si vibrational 

band, also increased in intensity as the mass of the 

ZnO in the zeolite increased. Figure 6 shows the 

results of SEM analysis of ZnO-zeolite, which 

revealed that ZnO compounds in the form of 

granules are dispersed homogeneously on the 

surface and framework of the zeolite [25]. 

The adsorption property test showed that the 

highest adsorption capacity was obtained by 

adding 20% ZnO, which was 15.75 mg-S/g-

adsorbent. This is because at 20 wt% ZnO-zeolite, 

the structural and physical properties are very 

good, especially for the dispersion of ZnO to 

support the zeolite. With the addition of excess 

ZnO (30 wt% ZnO-zeolite) the adsorption 

capacity was not too high (8.13 mg-S/g-adsorbent) 

due to zeolite pore blockage, damage, and the 

possibility of collapse of the pore structure to form 

aggregates. ZnO on the support surface [25]. 

 

Figure 5. FTIR spectra of (a) zeolite, (b) 10 wt% 

ZnO-zeolite, (c) 20 wt% ZnO-zeolite, and (d) 30 wt% 

ZnO-zeolite 

 

Figure 6. SEM image of the ZnO-zeolite surface 

morphology 

3.3. Co-Precipitation Method 

The XRD results are shown in Figure 7, 

which shows the suitability of the clinoptilolite 

zeolite peaks on 2 9.9o, 11.2o, 17.3o, 19.1o, 22.4o, 

26.3o, and 30.0o (JCPDS 25-1349). Heulandite 

zeolite peaks were also found on heulandite zeolite 
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peaks 2 9.9o, 11.2o, 17.3o, 19.1o, 22.4o, 28.1o, and 

30.0o (JCPDS 53-1176), as well as on mordenite 

zeolite peaks at 2 9.9o, 13.5o, 19.6o, 22.4o, 25.6o, 

and 27.7o (JCPDS 29-1257). No characteristic 

peaks were found for ZnO because the amount of 

ZnO present in the material was too small (< 9%). 

The obtained surface area for ZnO-zeolite was 

31.835 m2/g, and the particle size was 399 nm 

[27]. 

 

Figure 7. ZnO-zeolite XRD pattern 

The FTIR results in Figure 8 shows the 

presence of the O-H band with a strain vibration at 

3700-3000 cm-1, which corresponds to Al-OH-

Si and adsorbed water molecules. The O-H 

bending vibration of the absorbed water molecule 

is at a band length of 1636 cm-1. The 1049 cm-1 

band corresponds to the asymmetric stretching 

vibrations of Si(Al)-O in zeolite, and the 795 cm-1 

band corresponds to the symmetric stretching 

vibrations of Si(Al)-O. The band at 471 cm-1 

corresponds to the bending vibration of Si(Al)-O. 

In addition, there is an absorption peak at 594 cm-

1, indicating the presence of a double-ring outer 

zeolite bond from the heulandite phase and ZnO 

stretching vibrations at a bond length of 400-500 

cm-1. The results of the SEM-EDS analysis of the 

ZnO-zeolite material are shown in Figure 9. A 

rough surface of the material is formed as a result 

of the formation of ZnO groups on the surface of 

the zeolite [27]. 

In testing the adsorption properties of ZnO-

zeolite, it was found that the presence of ZnO in 

the zeolite structure causes the material size to 

decrease so that the surface area will be much 

larger to contact the adsorbate so that it will 

increase its adsorption capacity. Another factor 

that increases the adsorption capacity is the 

electronegativity of the zeolite. In addition, 
exposure to ultraviolet light is also considered 

efficient for degrading dyes due to the distortion 

of the chromophore groups in the dye due to 

photodecomposition through the formation of 

radical species. The radical species in question is 

the hydroxyl radical (•OH) resulting from the 

photolysis of water and ZnO. Therefore, the 

greater the amount of ZnO, the more radicals will 

be formed so that more dye will be degraded. Even 

so, a dose of ZnO that is too high can also reduce 

the penetration of photons into the solution so that 

it will be less effective in degrading it. The 

obtained ZnO-zeolite can adsorb up to 90% of the 

adsorbate [27]. 

 

Figure 8. FTIR Spectra of ZnO-zeolite 

 

Figure 9. SEM image of the ZnO-zeolite surface 

morphology 

3.4. Hydrothermal Method 

The XRD results shown in Figure 10(a) 

correspond to the mineralogical compositions of 

quartz-Q (JCPDS: 00-046-1045) and mullite-M 

(01-079-1275). After activation using zinc acetate 

dihydrate and sodium hydroxide, a new peak was 

found that corresponds to the peaks of the 

cancrinite zeolite (ICSD: 20334) and analcime 

zeolite (JCPDS: 01-076-0143, Supelano et al., 

2020). In addition, peaks at 2 = 31.8o and 34.4o 

were also obtained, which correspond to the (1 0 

0) and (0 0 2) reflection planes of the ZnO 

hexagonal wurtzite structure (JCPDS: 89-13971, 

Rodwihok, Wongratanaphisan, et al., 2019). A 

sodium aluminosilicate diffraction peak was also 

found, indicating that zeolization had occurred 

and that a peak shift had occurred (1 0 1) from 
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36.2o to 38.44o so that Zn atoms were known to 

have undergone substitution causing zeolite 

cancrinite and analcime structures. Figure 10(e). is 

the result of characterization from FESEM with 

elemental mapping using EDS from Si, Al, O, Na, 

and Zn content. The morphological results showed 

that the ZnO-zeolite was in the form of ferro-

spherical micropores with several small particles 

scattered throughout the surface with an average 

particle size of 1.540 m. EDS elemental mapping 

analysis also provided evidence that all the 

elements were homogeneously distributed and 

that some oxides were present in all the samples 

[29].

 

 

Figure 10. (a) ZnO-zeolite XRD pattern; Surface morphology of FESEM with EDS (b) fly ash, (c) washed fly 

ash, (d) zeolite without ZnO, (e) ZnO-zeolite 

The FTIR characterization results in Figure 

11 show that there is a broad absorption band at 

3300-3600 cm-1 and a small peak at approximately 

1650-2000 cm-1, which corresponds to the 

stretching vibrations of each O-H and C=O group. 

In addition, bands at 1647 cm-1 were also found, 

which were attributed to the bending vibrations of 

silanol groups (Si-OH); peaks at 1097, 974, 754 

and 678 cm-1 which were attributed to the 

asymmetric stretching vibrations of Si-O-Si; the 

stretching vibrations of symmetric and 

asymmetric internal tetrahedral groups (O-T-O; T 

= Si/Al in TO4 units); and Si-O-Al symmetric 

strain vibrations. A small peak was also found at 

565 cm-1 which was the peak of the Zn-O bond 

strain, indicating that ZnO had formed on the 

ZnO-zeolite surface [29]. 

In testing the adsorption properties of ZnO-

zeolite, it was found that electrostatic interactions 

play an important role in increasing the adsorption 

capacity. The results of the analysis using the 

Zetasizer instrument showed a large surface 

charge of ZnO-zeolite (-24.32 eV) compared to 

that of pure fly ash (-13.40 eV) and zeolite without 

the addition of ZnO (-19.85 eV). This is due to the 
presence of OH groups on the adsorbent surface so 

that because of electrostatic repulsion, the 

adsorbent surface, which has a high negative 

charge, will provide a greater attractive force for 

adsorption on positive charges. In this case, it is 

known that the increase in the electrostatic 

interaction of zeolization and the formation of 

ZnO plays an important role in increasing the 

adsorption capacity of ZnO-zeolite. UV-Vis 

analysis revealed that ZnO-zeolite adsorbs dyes 

according to the Koble-Corrigan isotherm model 

with pseudo-second-order adsorption kinetics of 

657.895 mg/g [29]. 

 

 

Figure 11. FTIR Spectra of ZnO-zeolite 
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4 Conclusion 

In the manufacture of ZnO-zeolite, several 

methods can be used to synthesize ZnO-zeolite, 

namely, sol-gel synthesis, impregnation, 

coprecipitation, and hydrothermal methods. 

Among these methods, the most effective method 

for synthesizing ZnO-zeolite is the hydrothermal 

method. This is because the hydrothermal method 

consumes a large amount of energy, the synthesis 

procedure is simple, and the hydrothermal process 

has a large adsorption power. The resulting ZnO-

zeolite, which has a nonagglomerated crystal size 

of 1.540 µm and can adsorb up to 657.895 mg/g of 

adsorbate. In the adsorption ability test, it is also 

known that the charge carried by ZnO increases 

the electrostatic interaction between the ZnO-

zeolite material and the adsorbate.  
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