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Ion exchange of sodium with hydrochloric acid in ZSM-5 zeolite 

ABSTRACT 

ZSM-5 zeolites are highly silicate materials that have significant application in catalytic processes 
in petrochemistry, especially due to their high selectivity. Most reactions in the petrochemical 
industry are acid-catalyzed. The acidic properties of zeolite depend on the number of acid centers, 
i.e. the presence of hydrogen ions, and therefore, in this paper the possibility of reducing the 
sodium content in the pores of high silicate zeolite ZSM-5 with the modulus (SiO2 / Al2O3 = 1000) 
will be investigated, by applying ion exchange with hydrochloric acid. Chemical analysis of 
samples before and after ion exchange, and application of instrumental methods of X-Ray 
diffraction, FT-IR spectroscopy, and SEM analysis monitored  the influence of the quantity of 
hydrogen ions on the chemical composition and the structure of ZSM-5 zeolite at different acid 
concentrations and at different exchange times. 

It has been shown that the application of ion exchange with hydrochloric acid can reduce the 
sodium content in zeolite. Even with the application of 5% HCl for 6 hours, the content of sodium 
in the zeolite is reduced by over 98%. A similar effect is achieved by applying more concentrated 
hydrochloric acid solutions for a shorter ion exchange time. By prolonging the ion exchange time, 
there are no significant changes in terms of the final ion exchange. On the other hand, the 
application of HCl solutions of higher concentrations leads to a slight decrease in the aluminum 
content in the zeolite, which may partially affect the structural stability of the zeolite. The results 
obtained by FT-IR and SEM analysis and X-Ray diffraction confirm the possibility of ion exchange 
with hydrochloric acid, without significant changes in the crystal structure of the zeolite. 

Keywords: zeolite, sodium ion exchange, characterization of H-ZSM-5, XRD, FT-IR, SEM. 

 

1. INTRODUCTION 

Zeolites are crystalline aluminosilicates 
composed of an ordered system of channels and 
cavities. The crystal lattice of zeolite is built of TO4 
tetrahedra, where T represents the Al3+ or Si4+ 
ion(s), interconnected by oxygen atoms [1-3]. Since 
the silicon atom has four valence electrons, SiO4 
tetrahedra are electroneutral, but when the Si4+ ion 
is replaced with Al3+ in the center of the 
tetrahedron, the crystal lattice becomes negatively 
charged. The negative charge of the lattice is 
neutralized by cations of alkali and alkaline earth 
metals, or hydrogen ions, located in the pore 
openings [4,5]. 
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The chemical composition of the zeolite can be 

represented by following the formula [6,7]: 

Mx/n[AlxSiyO2(x + y)]· pH2O (1) 

where: 

M - extra-framework cation (Na, K, Li) and/or (Ca, 
Mg, Ba, Sr), 

n – cation charge, 

x – number of aluminium atoms, 

y – number of silicon atoms, and 

p – number of water molecules in each unit cell; y/x 
= 1-6, p/x = 1-4. 

Zeolites of the ZSM type (Zeolite Socony Mobil 

or Zeolite Sieve of Molecular porosity) belong to 

the group of MFI zeolites, and they have the largest 

application in the petrochemical industry as 

catalysts and adsorbents. The crystal lattice of 

these high silicate materials consists of two types 

of three-dimensional channels whose openings are 
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the size of 10-membered rings. The first channels 

are straight and elliptical ( 0.51 x 0.57 nm in 

diameter), while the second intersect the right 

channels at right angles, and they are sinusoidal 

and circular in cross-section (0.54 x 0.56 nm in 

diameter) [8-10]. 

Zeolites are the most important inorganic cation 

ion exchangers in which the crystallographic 

positions of the cations affect the rate and 

mechanism of ion exchange. Because extra-

framework cations are bound by weak electrostatic 

forces to water molecules or structural atoms of 

silicon or aluminum, they are extremely mobile and 

can be easily exchanged in ion exchange 

processes without disturbing the crystal structure. 

However, this also depends on the chemical 

composition and crystal structure of a particular 

zeolite [11-14]. 

Since ZSM-5 zeolite, is mostly used in the 

petrochemical industry [15], especially in 

hydrocracking reactions, due to its catalytic action,  

it is important to provide a sufficient amount of acid 

sites to improve their catalytic action. The number 

and quantity of Brønsted and Lewis acid centers, 

as well as their ratio, affect the acid-base 

properties of zeolites. In addition, the catalytic 

activity and selectivity of ZSM-5 zeolite depend on 

the chemical composition of the starting materials 

for synthesis, degree of crystallinity, temperature 

and crystallization time, type of template, and many 

other factors [9,16,17]. 

2. EXPERIMENTAL PART 

ZSM-5 zeolite with a molar ratio of SiO2/Al2O3 = 

1000, from the Plant for the production of special 

zeolites, was used as a starting sample, where 

amorphous silica, with particle size distribution up 

to 80 μm, is most often used as a source of silicon, 

and sodium -aluminate is used as a source of 

aluminum, in powder form. The synthesis of ZSM-5 

zeolites mostly involves the use of the so-called 

templates that fill the space in the zeolite structure, 

to direct the upbuilding of the crystal lattice during 

the crystallization process or as charge stabilizers 

in the zeolite structure, and can also affect the 

kinetics of zeolite synthesis [16]. In this case, 

tetrapropylammonium bromide (TPABr) was used 

as a template. During each synthesis, a certain 

amount of previously produced zeolite without 

specific characteristics is added, to act as a 

crystallization germ, as well as a certain amount of 

water glass, which also contains a significant 

precentage of silicon, and caustic soda, which 

provides alkalinity of the reaction medium. 

The initial zeolite sample was calcined to 

550ºC. The ion exchange process of   ZSM-5 

zeolite was performed in the Alumina Research 

Laboratory. A 20% suspension of calcined zeolite 

and hydrochloric acid was prepared, and then 

stirred on a magnetic stirrer at 90 ºC for 1, 3, and 6 

hours. Hydrochloric acid concentrations ranged 

from 5 to 15%. In the ion exchange reaction, Na+ 

ions were exchanged with H+ ions. 

After ion exchange was completed, vacuum 

filtration was performed and the filter cake was 

rinsed. The sample was then dried at 105 ºC in an 

oven. The loss on ignition was determined 

according to the standard method ISO 6606/1986. 

Multi - elemental analysis of the concentrations 

of metals was used for the chemical analysis of 

samples, i.e. determination of changes in metal 

contents, using the ICP - OES SPEKTROGE-

NESIS device. The determination of the content of 

individual metals was carried out according to the 

standard method EN-ISO 11885. 

The structural characteristics of the zeolite 

samples were determined using diffractograms 

recorded on an X-ray diffractometer BRUKER D4 

ENDEAVOR with an X-ray tube, and a copper 

anticathode, using CuKα radiation at the wavelengt 

λ = 1. 54060 Å. By comparing the areas of peaks 

that are characteristic of the ZSM-5 zeolite 

standard with a modulus of 400, i.e. the standard 

values from the crystallographic base of the 

laboratory, and the tested samples with a modulus 

of 1000, the degree of crystallinity of the sample 

was quantified. The degree of crystallinity of zeolite 

samples was determined according to the standard 

test method ASTM D5758-1. 

In addition to X-ray diffraction (XRD), structural 

changes, as well as reactions within the pores of 

zeolite can be observed using FT-IR spectroscopy 

(Fourier - transform infrared spectroscopy). For the 

purpose of the present study, the FT-IR 

spectrometer SHIMADZU was used. The recording 

was performed in the range of 500 to 4000 cm-1. 

Changes in the morphological characteristics of 

the zeolite samples were monitored using scanning 

electron microscopy (SEM) on the MIRA3 TESCAN 

device, at a voltage of 20 kV, and a magnification 

of 10 000 times. 

3. RESULTS AND DISCUSSION 

Table 1 shows the results obtained by chemical 

analysis of the samples of non-calcined and 

calcined zeolite ZSM-5 with the SiO2 / Al2O3 ratio of 

1000. 
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Table 1. Chemical composition of the starting sample of non-calcined and calcined ZSM-5 zeolites 

Tabela 1. Hemijski sastav polaznog uzorka nekalcinisanog i kalcinisanog ZSM-5 zeolita 

Sample Loss on ignition [%] %Na %Al2O3 %SiO2 

non-calcined ZSM-5 13. 60 1. 03 0. 17 98. 06 

calcined ZSM-5 3. 98 1. 11 0. 20 98.14 

 

Calcination of ZSM-5 zeolite at 550 ºC removes 
the used TPABr template and crystal water, as a 
result of which the loss on ignition is significantly 

reduced, while the content of sodium, aluminium, 
and silicon does not change significantly (Table 1). 

 

Table 2. The effect of ion exchange time and HCl concentration on sodium and Al2O3 contents 

Tabela 2. Uticaj vremena jonske izmjene i koncentracije HCl na sadržaj natrijuma i Al2O3 

Sample 
Ion exchange time  

[h] 

Acid concentration 

[%] 

Loss on ignition 
[%] 

%Na %Al2O3 

ZSM-5 5% HCl 6h 6 5 0. 61 0. 019 0. 17 

ZSM-5 7% HCl 6h 6 7 0. 64 0. 012 0. 15 

ZSM-5 10% HCl 1h 1 10 0. 76 0. 018 0. 15 

ZSM-5 10% HCl 3h 3 10 0. 76 0. 014 0. 14 

ZSM-5 10% HCl 6h 6 10 0. 59 0. 010 0. 13 

ZSM-5 12% HCl 6h 6 12 0, 62 0. 014 0. 13 

ZSM-5 15% HCl 1h 1 15 1. 00 0. 021 0. 13 

ZSM-5 15% HCl 3h 3 15 0. 83 0. 016 0. 12 

ZSM-5 15% HCl 6h 6 15 0. 62 0. 012 0. 11 

 

As can be seen from the data shown in Table 2 
and Figure 1, the action of hydrochloric acid, of 
different concentrations, on the initial calcined 
zeolite sample results in the exchange of sodium 
ions with hydrogen ions. With sodium ion exchange 
already with 5% HCl, at a change time of 6 hours, 
there is a significant reduction in the sodium 

content of the zeolite of over 98%. With a more 
concentrated HCl solution, at a change time of 6 h, 
there are no significant changes in terms of the 
final ion exchange of sodium, i.e. the reduction of 
the sodium content in the zeolite is certainly over 
98%. 

 

Figure 1. The ion exchange of sodium with hydrochloric acid of different concentrations 

Slika 1. Jonska izmjena natrijuma sa hlorovodoničnom kiselinom različitih koncentracija 
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Figures 2 - 3 show the influence of ion 

exchange time on the reduction of the sodium 

content in zeolite, and it can be seen that the 

process of sodium ion exchange with hydrogen 

ions is extremely efficient, already at an ion 

exchange time of 1 hour, with 10% and 15% HCl. 

By further prolonging the ion exchange time, there 

are no significant changes in the sodium content in 

the zeolite (Table 2). 

 

 

Figure 2. The ion exchange of sodium with 10% HCl for varying exchange times 

Slika 2. Jonska izmjena natrijuma pri različitim vremenima jonske izmjene sa 10% HCl 

 

Figure 3. The ion exchange of sodium with 15% HCl for varying exchange times 

Slika 3. Jonska izmjena natrijuma pri različitim vremenima jonske izmjene sa 15% HCl 

 

In the case of ion exchange with HCl, there is a 

slight decrease in the aluminium content at lower 

concentrations of acid, because the acid is mostly 

spent on the exchange of sodium ions (Figure 4). 

Figure 4 shows the effect of HCl concentration on 

the reduction of the aluminium content in zeolite 

during ion exchange. It is evident that increasing 

the HCl concentration slightly reduces the 

aluminium content in the zeolite after ion exchange; 

however, this can affect the structural stability of 

the zeolite itself. 

Figures 5 and 6 show the effect of HCl ion 
exchange time on the reduction of aluminum 
content in the zeolite with 10 %HCl and 15% HCl. 
During the ion exchange, the aluminium content 
decreases, with HCl combining with the aluminium 
from the zeolite crystal lattice, as a result of which 
the aluminium is partially removed in the form of 
chloride. 
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Figure 4. Change in Al2O3 content at different concentrations of hydrochloric acid 

Slika 4. Promjena sadržaja Al2O3 pri različitim koncentracijama hlorovodonične kiseline  

 

Figure 5. Change in Al2O3 content at different ion exchange times with 10% HCl 

Slika 5. Promjena sadržaja Al2O3 pri različitim vremenima jonske izmjene sa 10% HCl 

 

Figure 6. Change in Al2O3 content at different ion exchange times with 15% HCl 

Slika 6. Promjena sadržaja Al2O3 pri različitim vremenima jonske izmjene sa 15% HCl 



M. Škrba et al. Ion exchange of sodium with hydrochloric acid in ZSM-5 zeolite 

ZASTITA MATERIJALA 62 (2021) broj 3 160 

By comparing the obtained FT-IR spectra for 
non-calcined and calcined zeolite, certain changes 
in the intensity of the characteristic peaks for 
zeolites can be observed (Figure 7). Absorption 
bands occurring at wavelengths 788, 1084, and 
1218 cm-1 correspond to the presence of 
tetrahedral SiO4 units. With calcined zeolite, more 
intense peaks are obtained at wavelengths of 543 
cm-1 (vibrations due to stretching of external bonds 
of AlO4 and SiO4 tetrahedra), and 1084 cm-1 
(internal asymmetric vibrations of Si-O-T bonds), 
which may be due to higher stresses in the crystal 
lattice, due to the removal of templates and crystal 
water by the calcination process. The intensities of 
the absorption bands at a wavelength of 788 cm-1 
(symmetrical stretching of external bonds that 
maintain the structure) and 1218 cm-1 (asymmetric 

stretching, vibrations of external bonds in 
structures containing, so-called pentasiles, present 
in ZSM-5 zeolite) are reduced in the calcined 
zeolite. At a wavelength of 1621 cm-1, an 
exothermic process takes place, which refers to 
water desorption, and the intensity of the 
absorption band at that wavelength is lower in 
calcined zeolite due to the vibration reductions of 
the H-OH bond [9,18,19]. 

Calcination partially removes TPABr templates, 

which is evident from the decrease in the intensity 

of the absorption band in the calcined zeolite in the 

wavelength range 3431 - 3625 cm-1. In addition, the 

doublet occurring at 2330 and 2340 cm-1 indicates 

CO2 formation, upon complete oxidation of the 

propyl chains of TPA+ molecules [9,20]. 

 

Figure 7. FT-IR spectra of non-calcined (-) and calcined (-) zeolite ZSM-5 

Slika 7. FT-IR spektri  nekalcinisanog (-) i kalcinisanog (-) zeolita  ZSM-5  

 

Based on the FT-IR spectra shown in Figure 8, 
the coincidence of the characteristic peaks of the 
analyzed samples of ZSM-5 zeolite modified with 

HCl of different concentrations and the calcined 
sample of ZSM-5 zeolite can be observed. 
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Figure 8. FT-IR spectra of different samples of ZSM-5 zeolite 

Slika 8. FT-IR spektri  različitih uzoraka zeolita ZSM-5 

The structural characteristics of ZSM-5 zeolites 
were examined by X-Ray diffraction (Figures 9-10). 
The obtained peaks, in the range 2θ = 22. 7 - 25. 
1º, confirm the crystal structure of all analyzed 
samples of ZSM-5 zeolite [8, 16]. The qoutient of 
the calculated areas below the peaks in the range 
2θ = 22. 7 - 25. 1º for each sample separately and 
the calculated area below the peaks of the 
standard in the same range 2θ, gives the degree of 
crystallinity of the zeolite. Based on the obtained 
values of the degree of crystallinity in the stated 
range 2θ (Table 3), it can be noticed that the 
degree of crystallinity decreases with calcination 
because the degree of crystallinity decreases at a 
higher aluminium content [17]. 

The increase in aluminium content in calcined 
zeolite was also confirmed by the diffractogram in 
Figure 9a, because in the region 2θ = 8. 39 - 9. 62º 
there is a more intense peak in calcined zeolite, 
whose peak intensity corresponds to the presence 
of aluminium in the zeolite structure. On the other 
hand, the degree of crystallinity of ZSM-5 zeolite 
with the SiO2/Al2O3 = 1000 modulus is higher than 
ZSM-5 zeolite with the SiO2/Al2O3 = 400 modulus, 
which confirms the fact that increasing silicate 
modulus increases the degree of crystallinity [17]. 

Table 3. Comparison of the degree of crystallinity 
of ZSM-5 samples 

Tabela 3. Poređenje stepena kristaličnosti uzoraka 
ZSM-5 

Sample Degree of crystallinity, [%] 

non-calcined ZSM-5 108. 69 

calcined ZSM-5  94. 83 

ZSM-5 5% HCl 6h 91. 57 

ZSM-5 7% HCl 6h 95. 51  

ZSM-5 10% HCl 1h 95. 13  

ZSM-5 10% HCl 3h 90. 29  

ZSM-5 12% HCl 6h 95. 51 

ZSM-5 15% HCl 1h 89. 58 

ZSM-5 15% HCl 3h 90. 54 
 

XRD diffractograms for different samples of 
ZSM-5 zeolite, shown in Figure 9b, exhibit almost 
identical peaks, except that the zeolite modified 
with 15% HCl undergoes a significant reduction in 
peak intensities in the region of 2θ = 22. 7 - 25. 1º. 
This is in accordance with the results shown in 
Tables 2 – 3. Besides, the peaks move along the 
2θ axis to the diffractogram of calcined ZSM-5 
zeolite, so that at lower acid concentrations, i.e. 
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with ion exchange with 5% and 7% HCl, the peaks 
move to the left, and in ZSM-5 zeolite with 15% 
HCl and at 3h exchange time, they move to the 
right. The XRD diffractogram of ZSM-5 zeolite at 
5% HCl and 6h exchange time is shifted furthest to 
the left and indicates that the ion exchange process 
is dominant and that 5% HCl does not lead to the 

destruction of the crystal structure of the zeolite. 
On the other hand, the XRD diffractogram of zeolite 
ZSM-5 15% HCl 3h was shifted furthest to the right, 
which is an indicator of the degradation of the 
crystal lattice in zeolite due to increased acid 
concentration, i.e. decreased degree of crystallinity 
(Table 3). 

a) 

b) 

Figure 9. Comparison of XRD diffractograms: a) ZSM-5 standard (-), non-calcined (-) and calcined (-) 
ZSM-5, b) calcined ZSM-5 (-), ZSM-5 5% HCl 6h (-),ZSM-5 7% HCl 6h (-) and ZSM-5 15% HCl 3h (-) 

Slika 9. Poređenje XRD difraktograma:  a) ZSM-5 standard (-), nekalcinisani (-) i kalcinisani (-) ZSM-5, b) 
kalcinisani ZSM-5 (-), ZSM-5 5% HCl 6h (-),ZSM-5 7% HCl 6h (-) i ZSM-5 15% HCl 3h (-) 
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Figure 10. Comparison of XRD diffractograms:  calcined ZSM-5 (-), ZSM-5 10% HCl 1h (-) and ZSM-5 10% HCl 
3h (-)  

Slika 10. Poređenje XRD difraktograma:  kalcinisanog ZSM-5 (-), ZSM-5 10% HCl 1h (-) i ZSM-5 10% HCl 3h (-) 

               

        

Figure 11. Results of SEM analysis:  (a) non-calcined ZSM-5, (b) calcined ZSM-5, (c) ZSM-5 5% HCl 6h, 
(d) ZSM-5 10% HCl 3h, (e) ZSM-5 15% HCl 3h 

Slika 11. Rezultati SEM analize:  (a) nekalcinisanog ZSM-5, (b) kalcinisanog ZSM-5, (c) ZSM-5 5% HCl 
6h, (d) ZSM-5 10% HCl 3h, (e) ZSM-5 15% HCl 3h  

a) 

e) d) 

c) b) 
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It is noticed that the application of 10% HCl 
(Figure 10) with increasing ion exchange time shifts 
the peaks to the right, which indicates the 
dominance of the process of partial decomposition 
of the crystal lattice, and binding of hydrogen ions 
to aluminium, where aluminium ions are separated 
from the zeolite structure. Also, with a decrease in 
the degree of crystallinity, the intensity of peaks in 
the range 2θ = 22. 7 - 25. 1º decreases (Table 3). 

Based on the results presented in Figure 11, it 
can be observed that there are no significant 
changes in the morphological characteristics of 
ZSM-5 zeolite, neither by calcination nor by ion 
exchange with HCl [9, 21]. 

4. CONCLUSIONS 

By reviewing the literature and analyzing the 

obtained results, it can be concluded that the ion 

exchange of zeolite ZSM-5 (SiO2/Al2O3 = 1000) 

with hydrochloric acid can reduce the sodium 

content in the zeolite. Satisfactory results are 

achieved even with the 5% HCl, where during the 

ion exchange of 6 hours, the sodium content drops 

by 98% approximately, from 1.1% to 0.02%. On the 

other hand, by applying higher concentrations of 

acid, the same effect can be achieved in a shorter 

exchange time. 

Apart from participating in ion exchange, 

hydrogen ions present also reduce the aluminium 

content at higher acid concentrations. Based on 

this, it can be observed that hydrogen ions have a 

dual effect on zeolites. On the one hand, they are 

exchanged with sodium ions, as a result of which 

zeolites of better acidic properties are obtained, 

which corresponds to their catalytic application in 

the processes of the petrochemical industry. The 

process of sodium ion exchange in ZSM-5 is 

dominant at lower concentrations of HCl (5% HCl 

and 7% HCl), due to which the change in 

aluminium content is insignificant. On the other 

hand, at acid concentrations higher than 7%, 

hydrogen ions bind to aluminium from the zeolite 

structure, which leads to certain defects of the 

crystal lattice of ZSM-5 zeolite. XRD diffractograms 

confirm the course of these two processes, where 

the characteristic peaks of ZSM-5 zeolite move 

along the 2θ axis, to the left (when the ion 

exchange reaction with sodium is dominant), and to 

the right (when the dealumination process is 

dominant, i.e. when the Al - O  bond in the crystal 

lattice breaks). 

The obtained values of the degree of 

crystallinity indicate a decrease in the crystallinity 

of calcined ZSM-5 compared to non-calcined 

zeolite due to increased aluminium content, which 

in turn may be a consequence of removing 

templates and crystal water from the zeolite 

structure. In addition, the indicator of partial 

destruction of the crystal lattice, during ion 

exchange with HCl solutions of a higher 

concentration, is certainly a decrease in the degree 

of crystallinity. 

The results obtained by FT-IR and SEM 

analyses, in combination with X-Ray diffraction, 

confirm the possibility of ion exchange with HCl, 

without significant defects in the crystal structure of 

ZSM-5 zeolite (SiO2/Al2O3 = 1000). However,  

futher investigations of  the possibility of ion 

exchange of sodium with other, less aggressive 

acids are advised. 
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IZVOD 

Jonska izmjena natrijuma sa hlorovodoničnom 
kiselinom na zeolitu zsm-5 

ZSM-5 zeoliti su visokosilikatni materijali koji imaju značajnu primjenu kod katalitičkih procesa u 
petrohemiji, naročito zbog visoke selektivnosti. Većina reakcija u petrohemijskoj industriji je 
katalizovana kiselinama. Kiselinska svojstva zeolita su zavisna od količine kiselih centara, 
odnosno prisustva vodoničnih jona, te će stoga, u ovom radu biti ispitana mogućnost smanjenja 
sadržaja natrijuma u porama visokosilikatnog zeolita ZSM-5 sa modulom (SiO2/Al2O3 = 1000) 
primjenom procesa jonske izmjene sa hlorovodoničnom kiselinom. Hemijskom analizom uzoraka 
prije i poslije jonske izmjene, te primjenom instrumentalnih  metoda X-Ray difrakcije, FT-IR 
spektroskopije i SEM analize praćen je uticaj  količine vodoničnih jona na  hemijski sastav i 
promjenu strukture ZSM-5 zeolita pri različitim koncentracijama kiseline, te različitim vremenima 
jonske izmjene. 

Pokazano je da je primjenom jonske izmjene sa hlorovodoničnom kiselinom moguće smanjiti 
sadržaj natrijuma u zeolitu. Već pri primjeni 5% HCl u trajanju od 6 sati postiže se redukcija 
sadržaja natrijuma u zeolitu od preko 98%. Sličan efekat se postiže pri primjeni koncentrovanijih 
rastvora  hlorovodonične kiseline za kraće vrijeme jonske izmjene. Produženjem vremena jonske 
izmjene, ne dolazi do znatnijih promjena u pogledu konačne jonske izmjene. S druge strane, 
primjena rastvora HCl većih koncentracija dovodi do blagog pada sadržaja aluminijuma u zeolitu, 
što može djelimično uticati na strukturnu stabilnost zeolita. Rezultati dobijeni FT-IR i SEM 
analizom, te X-Ray difrakcijom potvrđuju mogućnost jonske izmjene sa hlorovodoničnom 
kiselinom, bez značajnijih promjena kristalne strukture zeolita. 

Ključne riječi: zeolit, jonska izmjena natrijuma, karakterizacija H-ZSM-5,  XRD, FT-IR, SEM. 
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