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Abstract—Omega zeolite nanocrystals can be synthesized 
hydrothermally from a sodium aluminosilicate solution 
characterized by a 5.96 Na2O/Al2O3 constant molar ratio, carried 
out at a maximum temperature of about 100°C for 4 days after aging 
at room temperature for 3 days, utilizing tetramethylammonium 
hydroxide (TMA-OH) at molar ratios of 0.36, 0.48, and 0.61. By 
using different analysis techniques, such as X-ray diffraction, energy-
dispersive X-ray spectroscopy, scanning electron microscopy, 
and atomic force microscopy, the physical characteristics of the 
nanosized omega zeolite crystals can be identified, and the omega 
zeolite crystal size can be regulated between 34 and 100 nm. In this 
research paper, the process of creating a uniform aluminosilicate 
solution with TMA-OH, followed by forming a solid aluminosilicate 
gel with adjusted elemental composition, reveals the significance 
of the TMA-OH/Al2O3 mole ratio for synthesizing nanocrystalline 
omega zeolite aggregates.

Index Terms – Nanocrystal, Omega zeolite, Sodium-
aluminosilicate, Tetramethylammonium hydroxide.

I. Introduction
Discovered in 1972 within the basalt lava of Mont-
Sémiole, “near Montbrison,” France, the Omega synthetic 
aluminosilicate zeolite is one of several types of zeolite, 
including ZSM-4 (Galli, et al., 1974), and LZ-202 (Breck 
and Skeels, 1985) that own the Mazzite framework, which 
is naturally occurring zeolite. Furthermore, this zeolite 
framework contains a 12-membered ring pore found by 
(Galli, et al., 1974) and (Rinaldi, Pluth and Smith, 1975) and 
has garnered significant research interest due to its notable 
Brønsted acidity and catalytic capabilities in processes such 
as alkylation (Flanigen and Kellberg, 1980), cracking (Báfero, 
et al., 2020), and isomerization (Mahdi and Muraza, 2016). 

Numerous patents and scholarly articles detail the synthetic 
counterpart of mazzite (omega zeolite), which typically 
forms at low temperatures (approximately 353–423 K) within 
the (tetramethylammonium hydroxide [TMA-OH])–NaOH–
Al2O3–SiO2–H2O system (Feng, et al., 2020; Martucci, et al., 
2003; Goossens, et al., 2000; McQueen, et al., 1994). Across 
this process, TMA-OH serves as a structure-directing agent 
(SDA), while other organic compounds, including pyrrolidine 
(Flanigen and Kellberg, 1980), piperazine (Xu, et al., 2007), 
glycerol (Yang and Evmiridis, 1994), and p-dioxane (De 
Witte, et al., 1997), have also been utilized as templating 
agents. In the past 30 years, there has been much awareness 
of the use of organic molecules as SDAs in the texture 
synthesis of aluminosilicate zeolites (Shi, et al., 2012). In the 
middle process of preparation of omega zeolite, TMA cations 
may become trapped in gmelinite cages during crystal 
growth, which is assumed to be a strong structure-directing 
factor (Feng, et al., 2020; Martucci, et al., 2003; Goossens, 
et al., 2000). A vast range of morphologies has been 
documented for omega zeolites, such as euhedral crystals in 
the shape of hexagonal prisms, barrels, spheres, or rosettes, 
in uneven forms such as bundles or needles (Araya, et al., 
1984; Fajula, et al., 1989; DiRenzo, et al., 1994; Edmunds, 
et al., 1989). The aluminum concentration could be the key 
to the crystal morphology in the synthesis mixture (Goossens, 
et al., 2000; McQueen, et al., 1994), or when using an 
alcohol medium during the reaction mixture, the alcohol 
type and its ratio inside the water may play a significant 
role also (Gies and Marker, 1992). Some findings indicate 
that SDAs function not merely as pore fillers but, with the 
assistance of van der Waals forces, mainly interact with the 
Si species inside the zeolite (Gómez-Hortigüela, et al., 2004). 
The final crystalline structure geometry of zeolite pores and 
the type of final crystalline structure are influenced by SDAs. 
The concentration of the organic template in the zeolite 
framework can be affected by the interaction type between 
zeolite pre-cursors and SDAs (Gómez-Hortigüela, et al., 
2004; Sastre, et al., 2003). Furthermore, the structures formed 
during the crystallization of zeolites by employing SDAs are 
probably not the stabilized ones but those with the greatest 
nucleation abilities, developing under either thermodynamic 
or kinetic control. This occurrence depends on the conditions 

ARO-The Scientific Journal of Koya University 
Vol. XIII, No. 1 (2025), Article ID: ARO.11978. 7 pages 
DOI: 10.14500/aro.11978 
Received: 29 December 2024; Accepted: 20 March 2025 
Regular research paper; Published: 31 March 2025 
†Corresponding author’s e-mail: muwafaq.yahya1507d@coeng.
uobaghdad.edu.iq 
Copyright © 2025 Muwafaq M. Yahya, Rana T. AL-Rubaye and 
Aqeel A. Al-Ani. This is an open-access article distributed under the 
Creative Commons Attribution License (CC BY-NC-SA 4.0).



 ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

http://dx.doi.org/10.14500/aro.11978 105

of the crystals’ growth step during the crystallization 
operation (Tosheva and Valtchev, 2005). The existence of 
Na+ cations is necessary to achieve the charge balance in the 
route of the crystal growth because the TMA cations are not 
adequate to balance the entire charge of the anionic lattice. 
Based on all previous facts, it can be said that the MAZ-type 
zeolites essentially depend on TMA in the figuration of its 
establishment (McQueen, et al., 1994).

II. Preparation
The reagents used were TMA-OH (25% solution in 

water) from MERCK (UN 1835) used as a template, 
sodium hydroxide (NaOH, >99.0 wt%), and distilled 
water. Sodium aluminate (density 2.6 g/cm3, molecular 
weight = 81.97 g/mol.) (50–60% Al2O3, ≤0.05% Fe2O3, 
37–45%Na2O) and silica colloidal HS-40 (40 wt. % 
suspension in H2O) bought from Sigma Aldrich (MERCK). 
A typical gel sample was prepared in the laboratories of the 
chemical engineering department at Baghdad University for 
about 7 days. First, the gel is prepared by mixing NaOH, 
H2O, TMA-OH, and NaAlO2 in an appropriate plastic beaker 
at room temperature for 30 min. The silica sol was added 
drop by drop with stirring until homogeneity occurred. After 
further mixing for 30 min, the mixture was kept inside a 
125 mL stainless Teflon-lined steel autoclave, aged statically 
for three days at a temperature of about 25°C, and after that 
stored in an oven for 4 days at 100°C. The solid product 
was washed with deionized water until the pH of the residue 
water reached about 7–8, and then dried overnight at 100°C. 

Table I shows the batch requirement for omega synthesis 
with varied TMA-OH/Al2O3 mole ratios of about 0.36, 0.48, 
and 0.61. The X-ray diffractometry (XRD) analysis on the 
ADX2700 SSC (30 mA, 40 kV) device was used to specify 
the crystallinity, phase lucidity, and stratification of the 
acquired samples. The crystal morphology and crystal size 
were determined by scanning electron microscopy (SEM) 
(Quattro–STEM/SEM) Thermo Fisher Scientific (X2500000, 
0.8 nm, 5-axis). The carbon, oxygen, and sodium (Na) weight 
percent and the silica/alumina bulk ratio were specified on 
energy dispersive X-ray spectroscopy (EDXS) detectors, 
in addition to atomic force microscopy (AFM) (CoreAFM) 
analysis to show the surface morphology differences between 
the omega zeolite samples.

III. Results and Discussion
The XRD patterns of Omega zeolite samples from 

experiments Run 1, Run 2, and Run 3 using CuKα radiation 
are illustrated in Fig. 1a-c, respectively. The first sight may 
show that the zeolite omega is an “intermediate phase” 
crystallizing in the interfering crystallization fields of ZSM-4 
zeolite (Mahdi and Muraza, 2016), and the ZSM-34 zeolite 
(Wu, et al., 2008), which proved that TMA-OH plays a 
structure-directing role with Na+ (sodium cation) in the 
formation of zeolite omega.

Table II shows the extended report of the XRD peak ID, 
the report shows 2-theta for standard and typical samples 
of Runs 1, 2, and 3, along with the crystal size and delta 
size for typical samples only. The data for all samples, when 
compared with data announced in the literature on crystal 
size for (Perrotta, et al., 1978), show almost identical results 
to those of omega zeolite in the case of the stances and some 
differences in relative intensities of the diffraction peaks. 
The sample from Run 1, where the mole ratio of TMA-
OH/Al2O3 is about 0.36, shows a maximum crystal size of 
not more than 48 nm and a delta of not <0.052, while the 
sample from Run 3 with a TMA-OH/Al2O3 mole ratio of 
about 0.61 shows crystal size values of more than 100 nm at 
several points and a delta value of not <0.041. The maximum 
crystal size for Omega zeolite can obtained when the mole 

TABLE I
Batch Requirement for Omega Zeolite Synthesis

Material Run 1 
(Moles)

Molar 
Ratio

Run 2 
(Moles)

Molar 
Ratio

Run 3 
(Moles)

Molar 
Ratio

Al203 0.0160 1.00 0.0160 1.00 0.0160 1.00
NaOH 0.0957 5.98 0.0957 5.98 0.0957 5.98
TMA-OH 0.0057 0.36 0.0077 0.48 0.0098 0.61
H2O 1.7837 111.4 1.8147 113.3 1.8478 115.4
SiO2 0.1605 10.02 0.1605 10.02 0.1605 10.02

Al2O3=Aluminum oxide, NaOH=Sodium oxide, 
TMA-OH=Tetramethylammonium-hydroxide, H2O=Water molecule, SiO2=Silicon dioxide

Fig. 1. XRD patterns of samples of Run 1 (a), Run 2 (b), and Run 3 (c) using CuKα radiation.

a

c

b
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ratio of TMA-OH/Al2O3 is about 0.48, where crystal size 
ranges from 20 to more than 100 nm with a minimum delta 
reaching a negative value of about −0.027. Fig. 2 shows a 
histogram chart comparison and differences in crystal size 
between these samples. By comparing the delta value, which 
represents the differences between the prepared samples and 
the memory background inside the XRD device, it was found 
that the zeolite with the smallest delta value was the best 
match for the pure form of zeolite omega.

The effect of the mole ratio of TMA-OH/Al2O3 on particle 
size growth can be seen in Fig. 3, which represents SEM 
analysis images of omega zeolite samples for Run 1, Run 
2, and Run 3, respectively. These figures clearly show how 
the crystals appear at different concentrations of organic 
structure directing agent (OSDA). At low concentrations, 
there are intercrystallite voids of about 10 μm and an 
irregular particle size between 36 nm and 117 nm; these 
voids become narrower and the crystallinity grows to 
a uniform size between 60 and 70 nm after reaching a 
concentration of 0.48. When the concentration becomes 
about 0.61, there is an expansion of the distance between the 
crystals, which become rod-like and have an apparent size 
between 43 nm and 93 nm due to scattering as a result of 
increased polarization by OSDA.

The AFM analysis includes a mean diameter histogram 
chart, 2D particle analysis, 3D view of the surface, and the 
mean magnitudes of particle diameter, area, and Z-maximum. 
Figs. 4 and 5 show the average particle diameter, area, and 

Z-max for both samples from Run 1 and Run 3, which were 
about 36 nm, 41 nm, and 2659 nm2 and 38 nm, 265 nm, 
and 2786 nm2, respectively, with incomplete or distorted 
crystallization in Fig. 4, and inhomogeneous distribution of 
particles after disintegration to a smaller diameter on the 
surface in Fig. 5, while Fig. 6 shows an almost uniform 
spread of complete particle crystallization with an average 
diameter of about 95 nm, an average Z-max of about 252 nm, 
and an average area of about 14608 nm2. Thus, with a stable 
Na2O/Al2O3 ratio in the range (6.0–8.0) required for the 
preparation of mazzite (omega zeolite), the added appropriate 

Fig. 2. Histogram chart comparison and differences between crystal size 
omega zeolite samples from Run 1, 2, and Run 3.

TABLE II
The Extended Report of the XRD Peak id, the Report shows 2-Theta for Standard and Typical Samples of Runs 1, 2, and 3

2-Theta* Run 1 Run 2 Run 3

2-Theta Delta Crystal size (nm) 2-Theta Delta Crystal size (nm) 2-Theta Delta Crystal size (nm)
5.589 5.377 0.212 48 - - - 5.46 0.129 >100
9.744 9.558 0.185 31 9.722 0.022 60 9.667 0.076 57
11.248 11.092 0.156 33 11.275 −0.027 >100 11.199 0.049 61
12.894 12.761 0.133 24 12.897 −0.003 93 12.854 0.041 48
14.902 14.744 0.158 29 14.891 0.011 43 14.838 0.064 41
16.19 16.033 0.157 21 16.12 0.07 >100
16.939 16.647 0.292 21 16.974 −0.035 25 16.874 0.065 36
18.988 18.809 0.179 27 18.927 0.061 28 18.863 0.125 32
20.352 20.196 0.155 46 - - - - - -
22.665 22.553 0.112 31 - - - 22.575 0.09 >100
23.516 23.332 0.183 14 23.484 0.032 22 23.394 0.122 26
24.098 - - - 23.95 0.148 18 23.863 0.235 26
24.71 24.505 0.205 16 24.623 0.087 15 24.546 0.163 26
25.427 25.227 0.2 14 25.332 0.096 16 25.252 0.175 23
26.033 25.85 0.183 22 25.79 0.242 26 25.768 0.265 30
27.334 27.317 0.017 82
28.401 28.204 0.197 14 28.312 0.088 19 28.246 0.154 28
28.966 28.85 0.116 7 28.877 0.089 16 28.905 0.061 16
29.709 - - - 29.503 0.052 22 29.361 0.193 25
30.742 30.483 0.259 15 30.644 0.098 29 30.569 0.173 19
33.862 33.774 0.088 15 33.82 0.042 16 33.807 0.056 15
35.655 35.603 0.052 29 35.627 0.028 21 35.579 0.076 17
37.949 37.673 0.277 16 37.804 0.145 17 37.665 0.285 17
39.709 39.451 0.258 29 39.627 0.081 25 39.556 0.152 45
42.318 42.081 0.237 21 42.25 0.068 47 42.161 0.157 >100
45.935 45.671 0.265 20 45.726 0.21 34 45.7 0.235 17
47.78 47.592 0.188 21 47.643 0.137 30 47.59 0.191 27
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amount of TMA-OH was clearly presented as a strong SDA 
in the synthesis of omega zeolite (Dwyer and Chu, 1979).

Finally, Figs. 7-9 show the EDS analysis of omega zeolite 
samples from Run 1, Run 2, and Run 3 as peaks for the main 
components of omega zeolite, and the results are inserted 
in Table III. The results show that the maximum carbon 
weight percent occupying was about 12% by omega zeolite 
with a TMA-OH/Al2O3 mole ratio of about 0.48, and it is 
more than the rest samples, this is due to the good and high 

crystallization during preparation. The Si/Al bulk ratio was 
about 3.037, 3.07, and 3.5, respectively, with a fixed mixed 
Na2O/Al2O3 mole ratio of about 5.96.

The status here is proportionate with preceding arguments 
(Brady and Walther, 1990; Pinar, et al., 2007) regarding 
cooperative structure directing effects in high or low silica 
zeolites using a collection of macro- and microstructure 
directing agents (Dove and Crerar, 1990; AL-Rubaye and 
Garforth, 2018; Najwa and and Asir, 2015; Abd Al-Rubaye, 
2017). The organization of TO4 tetrahedral units by TMA-
OH molecules may not be strongly adequate, leading to the 
formation of amorphous materials. However, small Na+ ions 
existing in the synthesis gel can develop the crystallization 
process by helping to conquer the energy barrier of nucleation 
(Hussam and Hussein, 2019; Al-Rubaye, 2013; Najwa and 
Asir, 2016). At the same time, Na+ affects the types of 
secondary building blocks established in the gel, leading 
to the formalization of various zeolites (Rallan, Al-Rubaye 
and Garforth, 2015; Ammar and Sally, 2017). However, with 
the addition of TMA-OH, these small inorganic existences 
can progressively aggregate around TMA-OH, opening 

TABLE III
Weight Percent of Silicon, Aluminum, and Sodium of Prepared Omega 

Zeolite from Run 1, 2, and Run 3

Zeolite 
type/
Element

Na-omega
Tma-oh/al2o3

Molar ratio 0.36 
Run 1

Na-omega
Tma-oh/al2o3

Molar ratio 0.48 
Run 2

Na-omega
Tma-oh/al2o3

Molar ratio 0.61  
Run 3

Weight % Weight % Weight %
C 5.8 12.0 3.6
O 54.8 51.8 48.3
Na 6.9 6.2 5.9
Al 7.9 6.8 9.4
Si 24.0 20.9 32.9
Ca 0.6 0.0 0.0
Cu 0.0 2.3 0.0

Fig. 4. Atomic force microscopy analysis of omega zeolite sample from Run 1.

Fig. 3. Scanning electron microscopy images of omega zeolite samples 
from Run 1 (a), Run 2 (b), and Run 3 (c).

a

b

c
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up the chance of omega zeolite crystallization. Synthesis 
data showed that Na+ and the exact weight of TMA-OH 

may have a cooperative structure-directing effect on the 
preparation of pure zeolite omega (Martucci, et al., 2003).

Fig. 6. Atomic force microscopy analysis of omega zeolite sample from Run 2.

Fig. 7. EDXA analysis of Run 1 mega zeolite samples.

Fig. 5. Atomic force microscopy analysis of omega zeolite sample from Run 3.
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IV. Conclusion
The synthesis of zeolites using clear primary solutions and 

colloidal suspensions, which are stable materials, is one of 
the most efficient and widely used techniques. The omega 
zeolite has been effectively synthesized hydrothermally from 
a sodium aluminosilicate-TMA-OH solution at a fixed Na2O/
Al2O3 mole ratio of about 5.96 and a maximum temperature 
of around 100°C with aging and crystallization time within 
7 days. The High purity, good crystallinity, and uniform 
morphology of the omega zeolite sample can be obtained 
when the TMA-OH/Al2O3 mole ratio is almost 0.48 with 
a crystal size of about 95 nm, a mean particle diameter of 
about 93 nm, a mean Z-maximum of almost 252 nm, and a 
mean surface area of about 14608 nm². The organic templates 
may play an important role in the stability of zeolite omega 
and deserve some attention. It has been observed that the 
preparation of pure omega zeolite requires a precise amount 
of TMA-OH to be used.
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