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Abstract—Omega zeolite nanocrystals can be synthesized
hydrothermally from a sodium aluminosilicate solution
characterized by a 5.96 Na,O/Al O, 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/ALO, 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
Brensted acidity and catalytic capabilities in processes such
as alkylation (Flanigen and Kellberg, 1980), cracking (Bafero,
et al., 2020), and isomerization (Mahdi and Muraza, 2016).
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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-
ALO,-Si0,-H,O 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 (Gémez-Hortigiicla, 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 (Goémez-Hortigiiela, 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
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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/cm’, molecular
weight 81.97 g/mol.) (50-60% ALO,, <0.05% FeO,,
37-45%Na,0) and silica colloidal HS-40 (40 wt. %
suspension in H,0) 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,
H,O, TMA-OH, and NaAlO, 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 1
BATCH REQUIREMENT FOR OMEGA ZEOLITE SYNTHESIS

Material Run 1 Molar Run 2 Molar Run 3 Molar

(Moles)  Ratio (Moles) Ratio (Moles) Ratio
ALO, 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
H,0 1.7837 111.4 1.8147 113.3 1.8478 115.4
SiO 0.1605 10.02 0.1605 10.02 0.1605 10.02

2

AlO,=Aluminum oxide, NaOH=Sodium oxide,
TMA-OH=Tetramethylammonium-hydroxide, H,O=Water molecule, SiO,=Silicon dioxide
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Table I shows the batch requirement for omega synthesis
with varied TMA-OH/ALO, 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 CuKo radiation
are illustrated in Fig. la-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/ALQ, 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/ALO, 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
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Fig. 1. XRD patterns of samples of Run 1 (a), Run 2 (b), and Run 3 (c) using CuKa radiation.
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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
42318 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
ratio of TMA-OH/ALQ, is about 0.48, where crystal size 100
ranges from 20 to more than 100 nm with a minimum delta %
reaching a negative value of about —0.027. Fig. 2 shows a 80
histogram chart comparison and differences in crystal size 70
between these samples. By comparing the delta value, which Ze0 TMA-OH/AI203
represents the differences between the prepared samples and Eso amcleratio 03¢
the memory background inside the XRD device, it was found 540 i‘ moieraio it
that the zeolite with the smallest delta value was the best 30 l Ji li ! 1 o meleratio 051
match for the pure form of zeolite omega. 20 1 l |]| y 'I 11 1—
The effect of the mole ratio of TMA-OH/ALO, on particle 10 | |J M I| I l JL —
0 L e s s e

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

Z-max for both samples from Run 1 and Run 3, which were
about 36 nm, 41 nm, and 2659 nm? and 38 nm, 265 nm,
and 2786 nm?, 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 nm?. Thus, with a stable
Na,O/AlL,O, ratio in the range (6.0-8.0) required for the
preparation of mazzite (omega zeolite), the added appropriate
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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 II. The results show that the maximum carbon
weight percent occupying was about 12% by omega zeolite
with a TMA-OH/ALO, mole ratio of about 0.48, and it is
more than the rest samples, this is due to the good and high

Fig. 3. Scanning electron microscopy images of omega zeolite samples
from Run 1 (a), Run 2 (b), and Run 3 (c).
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crystallization during preparation. The Si/Al bulk ratio was
about 3.037, 3.07, and 3.5, respectively, with a fixed mixed
Na,0/Al,O, 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 TO* 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 Na-omega Na-omega Na-omega

type/ Tma-oh/al,o, Tma-oh/al,o, Tma-oh/al,o,

Element Molar ratio 0.36 Molar ratio 0.48 Molar ratio 0.61

Run 1 Run 2 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 20.9 329

Ca 0.6 0.0 0.0

Cu 0.0 2.3 0.0

3D view of the surface

Projected Area
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W Large
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40

o 25

50 75

Mean diameter

100 125 nm

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

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



108 http://dx.doi.org/10.14500/ar0.11978

Particle analysis 3D view of the surface
nm
1733
15
10
5
Information
Method Threshold detection 0
Threshold 1 2375 nm 5566
Number of particles 747 Histogram
Coverage 6665 %
Density 24108502 Particles/mm?
120 ]
Individual results Projected Area
Parameters Projected Area  Area ~ Mean diameter ~ Z-maxim... v & small
Unit m2 m m L, 1007 [ medium
Particle #1 small 4323 68.10 295.7 8 ] [ Large
Partice #2 Small 1417 372 2833 £ 807
Particle #3 Small 3827 58.10 ws || & B
Particle #4 Small 1370 2883 285.7 2 60
Particle #5 Small 1921 38.07 ms || 8 ]
Particle #6 Small 7056 7423 3635 3 a0
Particle #7 Small 2026 4895 327.2 ]
Particle #8 small 1437 3286 2663 207} :
] -
Mean e 2786 38.24 265.7 o 1 >
Min P 1340 5.085 2376 20 40 60 80 100 120 140 nm
Max rree 26670 1384 364.3 Mean diameter
MountainsSPIP® Academic 10.0.10510
Fig. 5. Atomic force microscopy analysis of omega zeolite sample from Run 3.
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Fig. 6. Atomic force microscopy analysis of omega zeolite sample from Run 2.

400~ Si
1 (
300-
|
200-
Al
100~
] Na
1 | Ca
088 Ll U \ttstsnstn G trprchtpomencp bt et e ey
OeV 5 keV 10 keV 15

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

up the chance of omega zeolite crystallization. Synthesis = may have a cooperative structure-directing effect on the
data showed that Na+ and the exact weight of TMA-OH  preparation of pure zeolite omega (Martucci, et al., 2003).
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Fig. 9. EDXA analysis of Run 2 omega zeolite samples.

IV. CoNncLUSION

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 Na,O/
AlO, 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/ALO, 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 nm?. 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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