
 

 

THESES OF THE DOCTORAL DISSERTATION 

 

 

Crystal structure and chemical analysis of zeolites 

formed in synthetic and geological processes 

Szilvia Ormándi  

 

Supervisor: Prof. István Dódony, DSc, professor 

 

 

 

DOCTORAL SCHOOL OF EARTH SCIENCES 

 Head of the Doctoral School: Prof. József Nemes-Nagy, DSc 

GEOLOGY-GEOPHYSICS DOCTORAL PROGRAMME 

Head of the Doctoral Programme: Prof. Andrea Mindszenty, DSc 

 

 

Eötvös Loránd University  

 2017 



 

I. Introduction, aims 

Nowadays the environmental awareness as well as the application of natural materials are 

crucial. These materials can be minerals, for example use of clay minerals or zeolites has 

slowly infiltrated people's everyday life. Today, if we ask digestive agent in the pharmacy we 

will get clay or zeolite product. The frozen roads are sprayed with zeolites to prevent the 

corrosion of cars. In the agriculture soil productivity is improved with zeolite materials, 

helping nutrient uptake for plants. These examples are only a fraction of the giant outlets that 

use zeolites. Over the past decades, the oil and chemical industry has undergone a major 

transformation through the application and research of zeolite or zeolite materials. Pollution 

from natural disaster or mining is absorbed by zeolites (Tschernich 1992, Masters és 

Maschmeyer 2011).  

Zeolites cab be used in many place due to the very spectacular three-dimensional network 

structure and the characteristic channels and voids. Copying this structure, ie zeolite 

synthesis, is also the base of serious research and industrial activity. Since the 1940's, 

synthetic production of zeolites has started. By 1958, nearly all commercial zeolites could 

already be synthesized (Byrappa és Yoshimura 2001).  

However, to get to know and use such a complex crystalline material it is necessary to receive 

accurate information on the structure. Only certain structures can be used to provide specific 

processes for the given zeolite structure. So the parameters of the structures - channels and 

cavities - affect the applicability. Structural analysis of zeolites based on X-ray- and 

electrondiffraction techniques, whose development is important part of zeolite industry. The 

Internation Zeolite Association produce a database based on zeolite framework (IZA 

homepage).  

My research aim was to examine the real crystal structure-and chemistry of synthetic and 

geological formed zeolites. At the beginning of my dissertation I gave a general overview of 

the basic characteristics of zeolites, the development of zeolite research and the development 

of the related synthetic industrial activity. Then I showed the zeolite synthesis through my 

experiment. Using X-ray powder diffraction data and direct methods I examined these 

synthetic zeolite. In the second part of my dissertation I extended my research to the 

geological formation of zeolites, including the zeolites in the hydrothermal system associated 

with the Mátra andezitic volcanism in the Lengyendi-galya (Gyökeres-tető) area. Among 

these zeolites I examined the mordenite structure with transmission eletron microscope. I 

described the dislocation and its consequence based on the electron diffraction measurements. 



II. Analytical methods 

 Synthesis and ion exchange of Linde Type A zeolite (LTA): 

LTA zeolite crystals were synthetized using NaOH method from metakaolinite as the 

starting material. The success of the synthesis was verified by X-ray powder diffraction. 

Na
+
 ions were removed from the structural cages with hydrochloric acid, followed by Cs

+
 

ions saturation in suspension. 

 Scanning electron microscopy of the synthesized LTA zeolites: 

The LTA crystals was examined at the ELTE Department of Petrology and Geochemistry 

with an AMRAY 1830 I/T6 scanning electron microscope. EDX measurements were 

recorded with EDAX PV9800 energy dispersive spectrometer. 

 Thermal analysis of the synthesized LTA zeolites: 

The acidified sample was measured at ELTE Department of Mineralogy with a 

Derivatográf C instrument, using 10 ˚C/min. heating. The zeolite was placed in a platinum 

jar, the reference material was corundum. 

 Infrared spectroscopy of the synthesized LTA zeolites: 

The LTA samples was measured at HAS Institute for Geological and Geochemical 

Research with an FTIR Bruker Vertex 70 instrument. The measurements was made in the 

400-4000 cm
-1

 range with 4 cm
-1 

resolution. The loss of water of the zeolites was also 

monitored, and after the measurement of the hydrated zeolite, the samples were heated at 

500 ° C. 

 Structure of synthesized LTA zeolites: 

Powder X-ray diffraction profiles were collected on beamline CuKα by a Siemens D-5000 

diffractometer with Bragg-Brentano geometry at ELTE Department of Mineralogy. The 

scattered radiation was detected in step scan mode (step size of 0.02˚, 4 s counting time on 

2˚-150˚ interval) after the secondary graphite monochromator in the function of 2Θ 

(scattering angle) by a scintillation detector. I refined the unit cell parameters in Pm3̅m 

space group using regression diagnostics with the Unit Cell program. The structure 

determination was done using the Semi Invariant Reconstruction (SIR 2011) software. 

Refinement was performed in the SHELX program package. 

 Morphological observations of zeolites from Gyökeres-tető: 

Morphological observations of zeolites from Gyökeres-tető were made at ELTE 

Department of Petrology and Geochemistry with a Nikon SMZ-800 and at Hungarian Ins. 



for Forensic Sciences with Wild M400 sztereomicroscopy. Textural observations were 

made on Zeiss Axio Imager.A2m microscope.  

 Scanning electron microscopy of zeolites from Gyökeres-tető: 

 Secondary electron (SE) images and EDX measurements were recorded on an AMRAY 

1830 I/T6 scanning electron microscope equipped with EDAX PV9800 energy dispersive 

spectrometer at ELTE Department of Petrology and Geochemistry. 

 The crystal sturcture of mordenite from Gyökeres-tető: 

X-ray diffraction measurements were carried out using Bruker D8 Advance diffractometer 

(Cu-Kα source) in Bragg-Brentano geometry, equipped with Vantec1 position sensitive 

detector, with symmetrical 2.5˚ axial Soller slits at the University of Miskolc Institute of 

Mineralogy and Geology. Measurements were recorded in the 2˚–100˚ (2Θ) angular 

range, with 0.007˚ (2Θ)/140 s goniometer speed. XRD patterns were evaluated by Search/ 

Match in DiffracPlus EVA using ICDD PDF2 (2005) for crystalline components. 

Quantitative evaluation was performed in TOPAS4 with fundamental parameters 

approach, using crystal structures from ICSD database.   

The crystal sturcture of mordenite was investigated at HAS Institute of Technical Physics 

and Materials Science by Philips CM20 transmission electron microscopy selected area 

electron diffraction (SAED) operated at 200kV. The composition measured by Nanoprobe 

X-ray microanalysis (EDS) with Bruker system. 

III. Thesis of the dissertation and conclusions 

1. Among the synthetic zeolites I have produced Linde Type A zeolite (LTA) from 

metakaolinite with NaOH hydrothermal treatment. The crystallized minerals are twinned 

hexahedras with max. 13-14 µm size and spherical grains with ca. 2 µm diameter based 

on the scanning electron microscopy images. 

2. I reconstructed the structure of the LTA zeolite with the SIR (Semi-Invariant 

Reconstruction) program package and refined the positions of the atoms with the SHELX 

program. I used hkl and intensity values from X-ray powder diffraction data to determine 

the structure.  

3. I also observed ion exchange ability by replacing the LTAs characteristic Na
+
 ion to Cs

+
 

ion. I measured whether Cs
+
 ion replaces the sodium at its positions in the sodian form 

LTA, or occupies different places. As resulted from the structure determination, turned 

out that the sodium at the equivalent coordinates of (0,1547 0,0836 0,3717) substituted at 

(0, ½, ½) type positions by the Cs
+
 ions. 



4. I studied the zeolites in the hydrothermal system associated with the Mátra andesitic 

volcanism in the Lengyendi-galya (Gyökeres-tető) area. Based on X-ray powder 

diffraction measurements I identified the occurring minerals. The morphology of these 

minerals were measured and documented under stereo- and scanning electron 

microscopes. The altered andesite texture was examined by polarization and scanning 

electron microscopes. As a result, mordenite, heulandite and chabazite are the typical 

zeolites. Besides zeolites, quartz, orthoclase, plagioclase (andesin), hematite and semctite 

are also present. The andesitic rock is highly altered so the feldspars are just in residues, 

the clay-zeolite mixture dominates the main part of the rock. The crystallization of 

mordenite fibers followed by overgrowth of heulandite plates. They owergrow easily 

because of the structural matches between the (010) planes. 

5. Based on the X-ray powder diffraction data and SAED patterns the mordenite from 

Gyökeres-tető has a lower than Cmc21 symmetry, it belongs to the one space group of the 

C222 Laue-class (or Cmm2, Cmmm).   

6. The SAED patterns from Gyökeres-tető mordenite fibers show streaky shaped l = 2n+1 

reflections. These indicates planar faults in the mordenite structure. The (010) fault can 

be characterized by the R = ½[100]. The fault produces a dachiardite type structural slab 

within the mordenite lattice. The dachiardite and mordenite are related structures, 

however mordenite has rings with 8 and 12 tetraherdron unlike dachiardite only rings 

with 10 tetrahedron. The mordenite framework passageway is changed by these new 

rings and form the small port mordenite. 
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