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 This research was conducted to determine the morphology, elemental 
content and physical properties of the zeolite samples before and after 
cleaning. The characterization used in this study is the Scanning 
Electron Microscope-Energy Dispersive X-Ray (SEM-EDX). Based 
on the results of SEM-EDX, it was shown that the 200 mesh zeolite 
sample and the zeolite that passed the filter had a non-spherical particle 
shape and no visible pores on the surface, while the microwave zeolite 
sample had an aggregate shape and visible pores on the particle surface 
which were very clear. In addition, in the 200 mesh zeolite sample, 
filtered zeolite and microwave zeolite each had an Al content 
percentage of 1.64%, 3.18 and 3.80% and a Si content of 7.58%, 
15.15% and 18 .38%.  
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Introduction 

Zeolite comes from the Greek words "zeo" (to boil) and "lithos" (stone) which means when 
zeolite is heated it will quickly boil and lose its water content quickly (evaporate). Zeolite has 
high water absorption properties and easily releases it when heated [1]. Zeolite is a hydrated 
alumina-silica mineral formed from tetrahedral alumina (AlO45-) and silica (SiO44-) with a 3-
dimensional crystal structure [2-3].The 3-dimensional structure of zeolite has open cavities 
consisting of coordination of aluminum, silicon and oxygen with active metals [4]. These 
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cavities also contain metal cations that can be exchanged (ion exchangers) such as K+, Mg2+, 
Na+ and Ca2+ [5-6]. 

Generally, there are two types of zeolite, namely natural zeolite and synthetic zeolite [7]. 
Natural zeolite has hydrothermal properties and most of the natural zeolite comes from 
volcanoes, for example clinoptitolite, mordenite, chabazite and others [8]. Synthetic zeolite, 
of course, comes from processing natural materials or synthetic silicates in the laboratory by 
imitating the hydrothermal process, namely using high pressure and temperature. Examples 
of synthetic zeolite are zeolite A, zeolite P, zeolite X, zeolite Y and others [9]. Zeolite has 
various properties, namely in the form of a Si/Al molar ratio (SiO2/Al2O3) such as 
hydrophobicity and acid resistivity will increase with the value of the Si/Al molar ratio. 
Based on the Si/Al molar ratio, zeolite is classified into three types namely low silica zeolite 

(Si/Al ≤ 2), medium silica zeolite (2 ＜ Si/Al ＜5) and high silica zeolite (Si/Al ≥ 5) [10] . Low 
silica zeolite is commonly used to remove ammonium and heavy metals in water because it 
has a very good ion exchange capacity, whereas high silica zeolite can be used to remove 
organic contaminants because it has a higher level of hydrophobicity than low silica zeolite 
[11].  Chemically, zeolite has a general equation, namely: 

𝑀2/𝑛 ∗ 𝐴𝑙2𝑂3 ∗ 𝑆𝑖𝑂2 ∗ 𝑦𝐻2𝑂      (1) 

where M is a basic cation, n is the valence of the cation, x is the number of Si tetrahedral (2 ≤ 

x < 10) and y is the number of water molecules in the zeolite cavity [12]. The most common 

zeolite mineral compositions in nature are clinoptitolite with relatively high content (80% 

and above).  

Clinoptitolite zeolite has a chemical formula structure of (Na,K)6(Si30Al6O72)•20H2O with an 

Al/Si ratio of 4.0 – 5.7. The structure of the clinoptitolite zeolite is composed of a two-

dimensional system of three types of channels, namely two parallel channels, channel A with 

10 ring members, and channel B which intersects perpendicularly to channel C (each 8 ring 

members). In addition, there are major cations located in the cationic site, namely elements 

Na, Ca, Ba, K, and Mg. This clinoptitolite zeolite can be used to treat heavy metal waste in 

water, for example Zn and Cu metal waste [13–15]. Furthermore, clinoptitolite zeolite also 

has a lot of organic impurities or impurities attached to its surface [16]. These impurities can 

cover the cavities and surface pores of the zeolite so that it can reduce the absorption quality 

of the zeolite such as the absorption of the adsorbate in the adsorption process. To remove 

impurities in zeolite, there is one way to overcome this, namely by using sonication and 

microwaves. This is because sonication uses ultrasonic waves which are able to clean the 

material from impurities attached to its surface without damaging its structure while heating 

in a microwave can improve the structure of the material and produce a more uniform 

particle size distribution [17]. Furthermore, cleaning zeolite by sonication and microwave 

can increase the pores in the zeolite because the impurities or impurities attached to the 

surface of the material are decreasing, so the more repetitions of the sonication and 

microwave treatment, the higher the purity of the zeolite from impurities [18]. Therefore, this 

research will be carried out to clean impurities and impurities in clinoptitolite zeolite by 

sonication and microwave methods. 
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Experimental Method 

The material used in this study was clinoptitolite zeolite from PT Sari Mas Indonesia in 
Medan City. Illustration of the clinoptitolite zeolite cleaning process can be seen in Figure 1. 

 

Figure 1. Clinoptitolite zeolite cleaning process 

Previously, zeolite was sieved using a 200 mesh sieve. A total of 10 grams of zeolite was mixed 
into 120.5 ml of distilled water (1:12.5 (w/v)). Sonicate the zeolite solution 10 times, every 1 
cycle of sonication was carried out for 15 minutes then followed by rinsing 3 times using filter 
paper. Take the translucent filtrate from the filter paper where the filtrate still contains fine 
particles that pass the filter and then stored for characterization. After sonication, the zeolite 
is boiled in a microwave with low power (100 watts) for 30 minutes, the ratio of zeolite and 
distilled water is 1:10 b/v. Discard the zeolite cooking water and replace it with fresh distilled 
water and then boil again. Boil the zeolite in the microwave 10 times. The boiled zeolite is 
then dried in an oven at 100oC for 24 hours. The characterization used in this study is the 
Scanning Electron Microscope-Energy Dispersive X-Ray (SEM-EDX) Hitachi SU-3500 type. 
SEM-EDX aims to determine changes in morphology, particle size and elemental content in 
the sample.  

 
Result and Discussion 

Based on the SEM results, the morphology of the 200 mesh zeolite (CZ-200), filter pass zeolite 

(CZ-F)  and clean zeolite (ZC-C)  samples can be seen in Figure 2. 
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Figure 2. The morphology of the CZ-200 sample (a) 750 times magnification and (b) 2,500 times 

magnification, the CZ-F sample (c) 5,000 times magnification and (d) 15,000 times and CZ-C (e) 500 

times magnification and ( f) 2,500 times magnification. 

From Figure 2, it can be seen that there are differences in morphological conditions in the CZ-

200, CZ-F and CZ-C samples. Figures 3a and 3b show a 200 mesh zeolite sample with a 

magnification of 750 times and 2,500 times. For a magnification of 750 times it shows that the 

particles have a non-spherical size while for a magnification of 2500 times it shows that the 

surface of the particles is not smooth and there are no visible surface pores on the zeolite, this 

A B 

C D 

E F 
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is because the pores on the surface of the zeolite are covered by organic or oxide impurities. 

free adhering to the surface of the particles and water molecules contained in the zeolite pores 

[19]. Figures 3c and 3d show zeolite samples that passed the filter with magnifications of 5,000 

times and 15,000 times, at this magnification they show a non-spherical particle shape and 

have a smooth surface but the pores on the surface are still covered by organic impurities and 

water molecules. Figures 3e and 3f show clean zeolite samples that have been microwaved at 

magnifications of 500 times and 2,500 times. For a magnification of 500 times, it can be seen 

that the particles are not round and form aggregates. However, at a magnification of 2,500 

times, the surface of the zeolite particles is clean and the pores are very clear. This can be 

caused by the loss of organic impurities or water content that is located in the pores so that the 

pore size of the zeolite surface becomes larger. In addition, the use of microwaves on zeolite 

can increase the surface area of zeolite [20]. Furthermore, the particle size distribution in the 

sample can be seen in Figure 3. 

 

(a) 

  

      (b) 
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   (c) 

             Figure 3. Particle size distribution (a) CZ-200, (b) CZ-F and (c) CZ-C 

From Figure 3 it can be seen that there are differences in particle size in the CZ-200 sample, 

CZ-F and CZ-C. Figure 3a shows the particle size distribution of the 200 mesh zeolite sample. 

In general, the size of 200 mesh is equal to 74 μm [21], but the particle size in this sample ranges 

from 11 – 86 μm with an average particle size of 29,907 μm. Particle sizes that exceed 74 µm 

may be due to the non-uniform cavities in the 200 mesh cockerel so that large particle sizes can 

also pass through the chicken. In Figure 3b, the particle size distribution in the zeolite samples 

passing through the sieve ranges from 13 – 70 μm with an average particle size of 31,527 μm. 

The large size of the zeolite that passes the filter during the washing process is suspected that 

the particles in the sample stick together during the drying process and the organic impurities 

are still attached to the sample. Figure 3c shows the particle size distribution of the clean zeolite 

sample. This sample shows particle sizes ranging from 19 –149 μm with an average particle 

size of 63,613 μm. It can be seen that the zeolite that has been cleaned with sonication and 

microwave produces a larger size than the sample before cleaning. The large size is probably 

due to the sample not fading after drying, where the dried sample will cause the particles to 

stick together. 

Furthermore, to find out the elements contained in the CZ-200 sample, CZ-F and CZ-C can be 
seen in Figure 4. 
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(a) 

 

(b)                                                                                                                                                                                                                                                         

 

(c) 

Figure 4. Elemental content of (a) CZ-200, (b) CZ-F and (c) CZ-C. 
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Figure 4 shows the elements contained in the CZ-200 sample, CZ-F and CZ-C where the 

percentage value of the element content in more detail can be seen in Table 1. 

Table 1. Elemental content in CZ-200, CZ-F and CZ-C. 

Sample 
%Weightpercent 

O Na Mg Al Si K Ca Fe 

CZ-200 44,90 0,52 0,13 1,64 7,58 0,52 0,35 0,61 

CZ-F 50,52 0,77 0,26 3,18 15,15 1,01 0,68 1,44 

CZ-C 49,29 0,81 0,29 3,80 18,38 1,41 0,97 2,60 

  

Based on Table 1, the percentage of elemental weight in CZ-200 samples, CZ-F and CZ-C 

samples is shown. In the CZ-200 sample and the CZ-F, it showed that the percentage of the 

largest element content was O element of 44.90% and 50.52%, while for Al element it had a 

percentage of 1.64% and 3.18% while the Si element was 7.58 % and 15.15%. The low 

percentage of Al and Si elements is probably due to the large number of organic impurities 

attached to the zeolite particles. In addition, the percentage of CZ-F is higher than CZ-200 

because organic impurities begin to decrease in the zeolite particles caused by the zeolite 

rinsing process. In the CZ-C sample, the percentage values for the elements O, Al and Si were 

49.29%, 3.80% and 18.38%, respectively. From this, it can be seen that there was an increase in 

the percentage of elements, namely zeolite, before and after cleaning using a microwave. The 

increase in elemental content is due to the disappearance of organic impurities attached to the 

surface of the zeolite after cleaning using a microwave so that the Al and Si elements increase 

and the pore size becomes larger. Furthermore, from the three samples it can be seen that the 

percentage of Si content is greater than Al which indicates the sample has high hydrophobicity 

so that it can be applied as an adsorbent to adsorb organic pollutants in water [11]. 

Conclusion 

Analysis of the morphology, elemental content and physical properties of CZ-200, CZ-F and 

CZ-C samples has been completed. The CZ-200 and CZ-F samples had non-spherical particle 

shapes with an average particle size of 29.907 μm and 31.527 μm respectively and no visible 

pores on the surface were caused by organic impurities still attached to the surface. While the 

CZ-C samples have aggregate-like particle shapes with an average particle size of 63.613 μm 

and the pores on the surface are clearly visible because organic impurities have been removed 

during the cleaning process using the sonication and microwave. In addition, the sample has 

high hydrophobicity where the elemental content of Si (18.38%) is higher than Al (3.80%) so 

that it can be applied as an adsorbent to treat organic pollutants in water. Furthermore, it is 

recommended that CZ-200 samples use a sieve that has a uniform diameter to produce a size 

≤ 74 μm and for CZ-F and CZ-C it is recommended to grind after the drying process so that 

the dry samples, the particles do not stick together resulting in a smaller particle size get 

bigger. 
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