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Abstract 

Mordenite's excellent physical and chemical qualities set it apart from other zeolites with similar 

applications in industry. Mordenite is frequently produced through hydrothermal processing with 

TEA+ cations. The best template agent is TEA+ cations, despite the fact that they may lead to a 

variety of problems, such as the release of toxicity, the high cost of production, the 

contamination of wastewater, and environmental damage. So, it's important to develop a 

mordenite synthesis technique that doesn't need an organic template or a cheap template. The 

mordenite-type zeolites were prepared using sand from the western part of Iraq (Ar-Rutbah). 

Silica was extracted from Iraqi sand as a silica source and sodium aluminate as a source of 

alumina Al by using the SOL-GEL method through the hydrothermal technique at temperatures 

ranging from 23 to 27 °C over a period of 7 days. Analyses such as XRD, BET surface area 

AFM, FT-IR, and FE-SEM were performed on the sample. The average particle size was 31.9 

nm, and the BET surface area was 202.487. XRF detected the ratio of silica to alumina (Si/Al = 

4.55), and the exchange of sodium ions for hydrogen ions through ionic exchange is 100%. The 

micrograph clearly reveals a tiny portion of the crystal band with a flaky habit, while FE-SEM 

images of synthesized H-MOR show that plates form the majority of the crystals. 

Keywords: Zeolite; Nano silica; raw material; mordenite. 

1. Introduction: 

The treatment of fuels now needs more and more active, selective catalysts in order to enhance 

its future applications as well as to contribute to reducing environmental influences. Because of 

the growth of industry and progress in technology, energy and environmental issues have 

become very important issues in our lives. [1]. 
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Crystalline aluminosilicates have a clearly defined microporous structure. Because of their 

single-pore topologies, large surface area, excellent acidity, and thermal strength, zeolites are 

commonly utilized as catalysts in the petroleum and chemical industries.[2, 3] 

Mordenite (structural style MOR) is an important zeolite. High-silic, big pore zeolite with a 

network system collected of traditional 12-member rings 0.65 x 0.7 nm connected by a short side 

containing 8-member ring pores 0.26 x 0.57 nm parallel to the c-axis and an extra 8-member ring 

channel 0.34 nm x 0.48 nm equivalent to the b-axis. [4]. 

Mordenite is a mineral with a crystalline structure and element cell measurements of a =18.121 

Å, b = 20.517 Å, and c = 7.544 Å that correspond to the space group. Mordenite is an important 

industrial zeolite used as a heterogeneous catalyst in a range of chemical reactions, including 

hydro isomerization, catalytic cracking, dewaxing, dehydration, steam reforming, 

polymerization, xylene isomerization, and adsorption. [5, 6] Despite the fact that the application 

of mordenite zeolite is not limited (as noted previously), it is rising annually due to its 

homogeneous structure, small pore size, flexible framework, large internal surface area, and 

controlled reactivity. It is also commonly applied in separation and purification processes. [7, 8] 

Mordenite is a type of high-silica zeolite; its synthesis was originally reported in 1927 by 

Leonard, and it was confirmed for the first time in 1948 by Barrer.[9] 

Mordenite has superior chemical resistance, thermal stability, and the presence of Brønsted and 

Lewis acid sites, a large pore volume, and a high surface area are noted [10] Mordenite 

dealumination was typically carried out to raise the Si/Al ratio, so strengthening the acid sites 

and generating intracrystalline mesopores can be observed . [11, 12] 

Usually, a hydrothermal process is used to produce mordenites. The amount of research on the 

various synthesis components is enormous. Materials such sodium silicate, sodium 

aluminosilicate, active alumina, silicic acid, shapeless silica, rice shells, sunflower husks, clay, 

chert rock, sands, and used glasses have all been documented as materials that have been utilized 

in the manufacturing of mordenites. 

Various studies have also been carried out to identify the ideal variables (such as the 𝑆𝑖𝑂2 𝐴𝑙2𝑂3⁄  

ratio, water content, pH level, and aging period) that have been discovered to possess an 

important impact on the morphology and crystallization rate of mordenite, wich could improve 

the energy efficiency. 

The mordenite-type zeolites that were produced through a hydrothermal procedure by silica and 

sodium aluminate as Si and Al resources, respectively. In order to find out what temperature is 
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necessary to make crystal-like mordenite, a 23 mL Teflon-lined autoclave was heated to several 

values between 150 and 190 °C. Both silica and sodium aluminate are used as silica and alumina 

sources in their studies, but in our work, local Iraqi sand is used as a silica source and sodium 

aluminate is used as an alumina source to generate Mordenite-type zeolite at a temperature of 

25±2 °C. 

(Klunk et al., 2020)[13] used rice husk ash (RHA) and metakaolin in the absence of an organic 

template at room temperature through the sol–gel method. 

(Li et al., 2018) [14] A millimeter sized sphere-shaped mordenite (MOR) zeolite by good 

mechanical asset was well prepared through vapor assisted revolution of Na-doped SiO2 spheres. 

It is shown that the precursor made by vacuum impregnation is necessary for getting a good 

shape retention.   

(Hussain & Mohammed, 2019)[15] Mordenite zeolite was manufactured from prepared nano-

silica using a hydrothermal method over three days at 25 °C. SEM presented that the equipped 

sample crystallized into needle-shaped crystals. The BET surface area and pore size of H-

mordenite zeolite were 336.7 m2/g and 2.49 nm, correspondingly. AFM showed that the typical 

crystal diameter was 111 nm. The Si/Al ratio and ion conversation percentage measured by XRF 

were 7.544 and 99.62 %, individually. 

(Journal and Basic, 2017)[16] Using chert rock as a source of silica, prepare mesoporous 

mordenite through a hydrothermal method. 

(Zhu et al ,2016)[17] Mordenite zeolite was produced by an ultrafast, organic structure-directing 

agent (OSDA)-free method. According to them, the formation of the mordenite zeolite occurred 

in 10 minutes, which is much faster than traditional techniques. 

(Lankapati et al., 2020) [51] Mordenite zeolite was synthesized from coal fly ash by a seed-

assisted synthesis approach and then subjected to hydrothermal, ion exchange, and calcination 

processes for purification. FZSH was found to have a smaller BET surface area than commercial 

mordenite (432 m2/g vs. 117 m2/g). Researchers also discovered that the pore volume of FZSH 

material was smaller than that of commercial mordenite (20 cm3/g), coming in at 0.08 cm3/g. 

Studies showed that its pore size was much greater than that of commercial mordenite zeolite. 

The aim of this study is to prepare nanosilica and mordenite zeolite from cheap local Iraqi 

materials, which can be used to make catalysts and as an alternative to materials that are made 

using expensive sources like TEA+ cation. 
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2. Materials and Methods  

2.1 chemical Raw material used 

 In this work, experiment conducted using the sulfuric acid (𝐻2𝑆𝑂4) 98% provided by Sigma 

Aldrich, sodium hydroxide (NaOH) 99% from Alpha Chemika, sodium aluminate 50–55% from 

Sigma Aldrich  and ammonium chloride 99% from BDH Limited Pool, England are used. 

2.2 Iraqi sand 

 As shown in Table (1) the western part of Iraq (Ar-Rutbah) sand was chosen as a natural source 

of silica to prepare nano-silica because it is highly silica-content, available in Al-Anbar city, and 

its selection was dependent on XRF analysis, which was considered to be the best analysis for 

determining the elements in the material. 

 

Table (1) Analyzing the X-Ray Fluorescence (XRF) of Iraqi Sand 

Component 𝐒𝐢𝐎𝟐 𝐀𝐥𝟐𝐎𝟑  CaO 𝐒𝐎𝟐 MgO other 

compounds 

Weight % 96.7 1.3 1.18 0.35 0.007 0.463 

 

2.3 Nano silica preparation. 

40 grams of local sand were ground in a kitchen grinder and filtered through 45 microns of 

laboratory mesh to eliminate bigger particles. Sodium hydroxide (NaOH) pellets of about 100 

grams are finely ground in a grinder. Local sand and NaOH are mixed and calcined for half an 

hour at 500 °C to create a sodium silicate sponge. After the silicate has cooled, it is crushed and 

placed in a conical flask. Using a magnetic stirrer, 500 ml of deionized water is added to silicate 

at 600 rpm to create a green, homogeneous solution with a pH of 14. The 98% sulfuric acid is 

added slowly while stirring at 600 rpm until a white gel develops and the pH reaches 2.5. The gel 

is extracted from the mother solution via filtration using a Buckner funnel and a vacuum pump. 

After filtration, the product was dried overnight at 110 C in an electrical laboratory drier. The 

product is then washed with deionized water until its pH reaches 7. By adding a few drops of a 

6% BaCl 2solution to 5 ml of liquid filter and observing the precipitation of white BaSO4, you 

can confirm that  SO4
−2

 is not present and determine whether additional cleaning is required. 

The solid product is washed and dried at 110 °C overnight, and the end product is nano-silica 

powder.  [18] 



Journal of Petroleum Research and Studies 

 P- ISSN: 2220-5381 

E- ISSN: 2710-1096 

 

Open Access 

No. 40, September 2023, pp. 126-142      
  
 

130 

      The diagram shown in Figure (1) shows the applied procedure for preparing nanosilica. 

 

Fig. (1): Flow diagram for Nano silica preparation 

 

2.4 Na-MOR Preparation 

dissolved 38.90 grams of NaOH in 249.3 ml of water, then divided into two equal portions. One 

portion contained 5.56 grams of nano-silica produced from local sand in Iraq. To make a pure 

aluminate solution, 10.19 g of sodium aluminate 𝑁𝑎𝐴𝑙𝑂2 is added to the rest of the solution. At 

400 rpm, pouring silicate solution into aluminate solution produced a white, homogenous gel. 

The gel is stored for seven days at pH 14 in a water bath at (T =25± 2°C) in a sealed laboratory 

glass bottle with a 200 rpm stirrer. A Buckner funnel and vacuum pump are utilized to filter the 

solid product The resulting mixture is rinsed with deionized water until the pH value reaches 7. 

The material was then dried at 110°C for 2 hours before being calcined at 400°C for 2 hours. 

[14,15] 

The following block diagram is shown in Figure (2). It explains the stages for the preparation of 

Na-MOR. 
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Fig. (2): Schematic flow diagram for synthesizing Na-MOR 

 

2.5 Preparation of (H-MOR) 

Zeolite H-MOR was synthesized by exchanging Na-MOR with a 4 N NH4Cl solution. To 

complete the ion exchange, Na-MOR zeolite was slurred in an ammonium chloride solution, 

mixed at 50 °C for 2 hours, and then allowed to rest at room temperature for an additional night. 

After being stored at room temperature overnight, the product was dried at 110 °C for 2 hours 

and calcined at 400 °C for another 2 hours. 

 

2.6 characterization 

Several methods were used to characterize the samples produced. Scanning electron microscopy 

(SEM), atomic force microscopy (AFM), X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), and X-ray fluorescence (XRF) are all examples of such methods. A Philips 

diffractometer set to a 2 theta value of 5 to 600 was used to measure the XRD of the powdered 
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product. Estimates of surface area was calculated using the BET (ASAP 2020) model. For this 

experiment, we used a Perkin-Elmer FTIR (Model 8400S) to scan the IR spectra from 400 to 

4000 cm−1 using the KBr pellet technique. Quantifying the elements found in the zeolites was 

accomplished with the use of XRF (Phillips PW 1480 Spectrometer) analysis. Microcrystalline 

and nanocrystalline zeolite were examined by scanning electron microscopy and atomic force 

microscopy to determine their particle size and shape. The scanning electron microscope (SEM; 

VEGA3 LM/SEM) may produce pictures of a sample by scanning it with a focused beam of 

electrons. Electrons interact with sample electrons to generate detectable signals that provide 

details about the surface structure and composition of the sample. Information perpendicular and 

parallel to the surface, down to the nm range, is provided by AFM (SPM-AT 3000). 

 

3. Results and Discussion 

3.1 Analyzing of Nano-Silica 

3.1.1 BET surface area analysis 

The nano-silica that was made from Iraqi sand based on the sol gel process had a surface area of 

627𝑚2 𝑔⁄ . compared with that by Kadhim et al.[13] with a surface area about 438.215𝑚2 𝑔⁄ . 

This result indicated that the surface area of prepared nano silica is higher than that obtained by 

previous studies. 

 

3.1.2 XRD Analysis 

The nanosilica synthesized from Iraqi sand has an XRD pattern diffractogram shown in Figure 

(3). The absence of sharp peaks and strong board peaks at 2θ =21.275, which is characteristic of 

amorphous silica, indicated that the produced nano-silica was totally amorphous. Okoronkwo et 

al. (2016) [20] create a nano-silica amorphous material from corn cob ash with a 2θ =23 peak, 

which is close to the result we obtained. 
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Fig. (3): XRD of nano-silica sampl 

3.1.3 AFM  

Figure (4) displays a granularity cumulation dispersion chart and an image of particle size 

distribution in two and three dimensions, revealing aregular particle dimension of 58 nm for the 

nano-silica produced in this work. Such behavior shows that nano-silica generated using Iraqi 

sands has a smaller particle size than nano-silica produced from other materials, including those 

reported by Shnaihej et al. (150 nm). 

 

                  

Fig. (4): AFM analysis of nano-silica sample 
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3.1.4 FT-IR 

The FT-IR spectra of the produced nano-silica is depicted in Figure (5). The IR band between 

3611 𝑐𝑚−1and 3100 𝑐𝑚−1 is affected by the stretching vibration of water molecules adsorbed to 

the silica surface. Similarly, the IR band at 1639 𝑐𝑚−1 is caused by the 𝐻2𝑂 molecules' bending 

vibration. The band at 801 𝑐𝑚−1is due to the Si-O-Si connection's symmetric stretching 

vibration. The detected band at 476 𝑐𝑚−1 is due to the bond's bending vibration. 

 

Fig. (5): FTIR spectrum for the prepared nano-silica sample 

 

 

3.2 Characterization of zeolite Na-MOR 

3.2.1 XRD 

The X-ray diffractogram pattern of a sample of sodium-based zeolite mordenite (Na-MOR) is 

displayed in Figure (6). There are zeolite mordenite-specific indexed peaks in 2θ = 12.2, 15.8, 

21.4, 23.7, 26.8, 29.6, and 33.9°, showing a high level of crystallization for the band of 2 θ from 

0° to 35° for the produced support based on the XRD analysis. Using Scherer's equation, the 

crystal size L was determined as follows. [16] 

𝐵(2𝜃) =
𝐾𝛾

𝐿 𝑐𝑜𝑠𝜃
  (1) 
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K is the Scherrer's constant, which can range from 0.6 to 2.08 depending on the crystal form; for 

convenience, we'll assume it to be 1 here; B is the FWHM of the peak at 2θ and ɣ is the center 

frequency of the spectrum. The X-ray diffractometer uses radiation with a wavelength of (Cu K 

α, 1.5406). Scherrer's equation applied to X-ray diffraction data yields an average crystal size for 

Na-MOR of 18.3 nm. 

 

Fig. (6): Na-MOR. zeolite X-ray powder pattern. 

 

3.3 Characterization of H-MOR 

3.3.1 XRD 

The zeolite's structure was unchanged by the ion exchange and calcination techniques used to 

generate it in its acidic condition, as show in Figure (7), but the strength of its distinctive peaks 

increased, indicating an increase in crystallinity HMOR. The intensity of its characteristic 

reflexes is higher than Na-MOR, which may be explained by the deviation of the Si-O-Al and 

Al-O bond problems due to structural rearrangement of 𝑆𝑖+4,𝐴𝑙+3, 𝐻+to produce the zeolite in 

the severe stage of structural rearrangement. From XRD data and Scherrer's equation (1), the 

average crystal size for H–MOR is 31.9 nm. 
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Fig. (7): X-ray of zeolite H-MOR powder 

 

3.3.2 FT-IR    

Figure (8) displays the transmittance spectra of H-MOR divided into four key groups: (a) a broad 

band from 3615 𝑐𝑚−1 to 3431 𝑐𝑚−1, which is recognized to the asymmetric stretching of (OH),  

bonds which represents the presence of moisture; (b) a slight band with intermediate intensity, 

which is caused by the normal water molecule bending vibration involved with the zeolite 

framework; and (c) a band at 1225 𝑐𝑚−1 which is characteristic The vibration controls the 

behavior of Si and Al atoms. Finally,  (d) an intense peak at about 111𝑐𝑚−1  is caused by the 

interior anti symmetric stretching vibration of the tetrahedral (T-O) bonds. Tetrahedral 

organization formed the framework of the mordenite. [25]. Additionally, the symmetric 

stretching of (T-O) bonds can be observed as a low-intensity peak at around 624 𝑐𝑚−1. [25]. 
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Fig. (8): FTIR spectra of H-MOR, zeolite 

 

3.3.3 BET 

The synthesis sample zeolite H-MOR has an overall BET surface area of 205.48𝑚2 𝑔⁄ . Aly et 

al.(2012) [21] used an inorganic template-free hydrothermal synthesis of a mordenite zeolite 

with a total specific surface area of 52.14 𝑚2 𝑔⁄ . [21]  

3.3.4 FE-SEM 

Field Emission Scanning Electron microscopy is used to analyze the surface morphology and 

structural characteristics of prepared H-MOR zeolite. The FE-SEM pictures in Figure (9), for 

creating H-MOR, show that this sample contained two phases, a crystalline and an amorphous 

phase. That plate represents the majority of the crystals. Due to the high quantity of silica, flat 

and prismatic crystals were seen. Some shapeless silica seemed on the external surface of the 

crystals. Alternatively, the character of the crystals varied from that of HMOR parent; the 

supports were lengthier and the character was unequal. The creation of linked and intergrown 

lath-shaped crystals is visible in the FE-SEM micrograph of the investigated H-MOR. 

Additionally, the micrograph clearly shows a tiny piece of the crystal band with a peeling habit. 

Due to their flat plate shape, the particles lead to the formation of mesoporous catalysts. 
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Fig. (9): FE-SEM picture for produced zeolite H-mordenite 

3.3.5 XRF analysis for H-MOR and Na-MOR 

XRF analyzed Na-MOR zeolite and H-MOR zeolite's elemental makeup was analyzed through 

XRF. The determined Si/Al ratio is displayed in Table (2). The following is an analysis of the 

sodium content of the prepared sampler. According to the data in this table, the H-MOR zeolite 

has no contained sodium at all (0 wt%), indicating that all sodium ions were successfully 
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exchanged for hydrogen Compared to previous values in the literature  [15] [22], the 100% 

exchange efficiency observed for sodium ions is exceptional. This lead to enhance the acidity of 

the catalyst to the process that depend on the acidity like isomerization hydrocracking processes. 

 

Table (2) XRF product for composition of prepared mordenite 

 

4. Conclusion  

The mordenite-type zeolites were prepared by using sand from the western part of Iraq  (Ar-

Rutbah) by SOL-GEL method as a source of silica because of high silica content based on XRF 

analysis  and sodium aluminate as a source of Alumina  by the hydrothermal technique at 25 ± 

2°C for 7 days, 4N NH4Cl was used to turn Na-MOR into H-MOR zeolite, exchanging 100% of 

the Na+ ions. 

 The purity of nanosilica produced from Iraqi sand is around 96.7%. Findings indicate that 

Iraqi sand is a promising raw material for the production of nano silica. 

 The composition and the kind of raw material utilized have an important effect on the 

characteristics of the zeolite materials that are produced 

 FE-SEM images of synthesized H-MOR show that plates form the majority of the 

crystals, which means a high mesopore volume, leading to improved diffusion and 

convenience for the microspores. 

 The 100% exchange efficiency observed for sodium ions is excellent. This lead to 

enhance the acidity of the catalyst to the process that depend on the acidity like 

isomerization hydrocracking processes. 

It is confirmed that the Iraqi sand has great potential as a different and economical source for the 

production of nanoslica and zeolite types materials with a good specification. 

 

Zeolite 

Wt% 
𝐀𝐥𝟐𝐎𝟑 𝐒𝐎𝟑 𝐒𝐢𝐎𝟐 MgO 𝐓𝐢𝐎𝟐 𝐍𝐚𝟐𝐎 𝐏𝟐𝐎𝟓 𝐅𝐞𝟐𝐎𝟑 Other Si/Al 

Na-

MOR 
15.9149 0.1965 78.1234 1.8561 0.0303 3.7302 0.0123 0.1084 0.0582 4.9 

H-

MOR 
17.5734 0.2720 79.8914 2.0136 0.0432 ZERO 0.0337 0.1184 0.0543 4.55 
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